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Foreword 
 

Recognizing the agricultural sector as the engine of economic growth of the 

country, the government of Ethiopia has adopted the path of Agriculture Led 

Industrialization to lay the foundation for subsequent development and implement 

key policies, strategies, programs and plans. As a consequence of these policy 

guidelines and development frameworks, the country has registered impressive 

growth over the last few decades, though much remains to be done to further reduce 

the level of poverty and realize the country’s vision of achieving the status of 

middle-income country by 2025. The government has also launched the second 

phase of Growth and Transformation Plan (GTP II) to guide the national 

development for five years (2015/16-2019/20) while ensuring continuity of the 

growth trajectory achieved so far. Accordingly, the Ethiopian Institute of 

Agricultural Research (EIAR), guided by its vision, mission, duties and 

responsibilities, is impelled to fulfill the fundamental objectives of generating 

improved agricultural technologies and information for ensuring food and 

nutritional security, sustainable supply of raw materials for agro-industries and 

import substitution, expanding the bases for the country to gain foreign earnings 

from agricultural exports and increasing livelihood resiliency and environmental 

sustainability while reducing vulnerability and exacerbation of climate change.  

 

The government of Ethiopia considered nutrition as the central agenda of national 

socio-economic development and, thus, reducing malnutrition is one of the priority 

areas of GTP II. Cognizant of the role that food science and nutrition researches can 

play in the national food and nutrition security and economic growth of the country, 

EIAR has also embraced Food Science and Nutrition Research Directorate as one of 

its priorities. Since the establishment of Food Science and Nutrition Research 

Program and later as a directorate, different research activities and works have been 

done at national level. However, before the research results derived from completed 

projects and experiments reach the end users, they need to be reviewed, evaluated 

and synthesized for their merits of relevance, innovation, practicality and, most 

importantly, for their potential to bring about positive changes in the livelihood of 

the end users. This volume of publication is, therefore, dedicated to present research 

results obtained from experiments carried out during the past three years under the 

different national programs of the directorate. I strongly believe that the materials 

contained in the proceedings will serve a broad spectrum of users engaged in 

developing food recipes and products, guidelines and manuals as well as those 

engaged in research and academia who may need to use them as reference 

materials. Before concluding my remarks, I would like to thank the authors, editors 

and the publication staffs for their commendable contributions in producing the 

proceeding. 

 

Diriba Geleti (PhD) 

Deputy Director General for Research, EIAR 
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Abstract 
 

Fruit coating was performed by dipping method to cover whole surface of fruits and 

then air-dried. Physio-chemical data (weight loss, total soluble solids, titratable acidity 

and pH) and sensory attributes (color, taste, flavor, appearance and overall 

acceptability) were taken at five days interval. The experiment was carried out in 

control-randomized design at Holetta Research center. The results of statistical analysis 

showed that there was significant difference between treatments (P≤ 0.05) for both 

physio-chemical properties and sensory attributes during the storage time (50 days). 

The result showed that, the highest percentage of titratable acidity (1.45± 0.06) and 

total soluble solids (15.32±0.91ºBrix).  Highest mean scores of sensory parameters such 

as flavor (4.23±0.06), sourness (4.12±0.07), appearance (4.49±0.05), taste (4.27±0.06), 

texture (4.19±0.07) and overall acceptability (4.25±0.05), were recorded for coated 

nectarine fruits stored at 6°C followed by coating and storage at 1°C. On the other 

hand,  the highest weight loss percentage (25.27±3.67) and  pH value (4.29±0.16) and  

the lowest mean scores values for sensory evaluation  where were recorded for 

uncoated fruits stored at room temperature (22°C).  In general, the result of the shelf 

life of bee wax coated fruit was extended to 50 days while uncoated fruit stored at room 

temperature (control) deteriorated within three days. Therefore, it is recommended that 

coating nectarine fruits with bee wax and storage temperature between 1°C and 6°C 

would prolong the shelf life of the crop without affecting its nutritional quality. 

 
Introduction 
 
Application of surface coating on fruits is considered as one the several treatments 

developed to reduce post-harvest losses and to prolong shelf life of fruits and 

vegetables (Baldwin et al., 1995). Preserving fresh fruits after harvest and maintaining 

their quality for longer period until marketing, consumption or processing is one of the 

major problems in the value chains of most fruits including peach. This situation 

necessitates the use of proper preservation and optimum storage condition. Hence, the 

aim of the study was, therefore to evaluate potential of bee wax coating and storage 

temperature to extend shelf life of nectarine fruits as determined by fruit the physio-

chemical properties and sensory attributes.  

mailto:abdikeba1984@gmail.com
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Materials and Methods 

Experimental materials 
Two hundred forty nectarine fruits were collected from Holetta Agricultural Research 

Center (HARC) research field. The fruits were carefully selected, based on uniformity 

at commercial maturity stage, color, shape and those free of physical damage and 

infection by biotic factors used for the experiment. Harvested fruits were transported to 

ANRL of the center and washed by cold water to lower the temperature and, after a 

while, washed again with warm water (45-50°C) to minimize surface load of 

microorganisms. Then, fruit samples were surface dried by muslin cloth and randomly 

assigned to six groups. Purified bees wax and edible oil were collected from Holetta 

Beekeeping Research Center and local super market, respectively. The wax emulsion 

was prepared, according to Hassan et al., (2013) with little modification, using 120 g of 

wax dissolved in 200 ml of pure water and heated to 80-90 °C.  The solution was 

mixed gently until all wax samples was dissolved in water. Then, 100 ml of edible oil 

was added to the molten wax and, finally, water was added to the solution until it 

reached of 1000 ml.  

 
Treatments 
The fruits were randomly divided into six treatments, each with 40 fruits involving: 

coated fruits stored at 6 °C, coated fruits stored at 1 °C, coated fruits stored at room 

temperature, uncoated fruits stored at 6 °C, uncoated fruits stored at 1 °C and uncoated 

fruits  stored at room temperature. Fruit coating was performed by dipping method to 

cover whole surface of fruits and then by air-drying. Physio-chemical properties were 

ensured at five days interval for 50 days. However, fruit sensory attributes of data was 

taken depending on the shelf life of each treatment during the storage periods. 

 

Physio-Chemical properties 
Percentage of weight loss: All sample fruits were weighed on the first day to 

determine their initial weights.  Then, Fruits were weighed (three samples per 

repetition) at five 5 days interval and percent weight loss was calculated by using the 

following formula (Wang et al., 2005) 

 
Weight loss (%) = Initial - Final weight x 100 

Initial weight 

 
Total soluble solid (ºBrix):  The concentration of total soluble solid was 

determined by direct reading from sample juice drop in a refractometer. Small quantity 

of fruit juice (3-5 drops) was dropped on to fixed prism surface at 20 ºC and the result 

was expressed as 
o
 Brix (AOAC, 2006). 

 

Titratable acidity and pH: Titratable acidity was measured according to standard 

procedures (AOAC, 2000). Ten gram of grinded nectarine juice samples were taken 

from each treatment. Then, the samples were diluted with 250 ml warm water. Ten ml 

of supernatant sample was titrated with 0.1 N NaOH and titration was continued until 

pH value of 8.2. Titratable acidity was expressed as percentage of citric acid/100 ml of 
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juice. The pH value of the samples was measured using a glass electrode pH meter, 

which was subsequently to  calibrated by buffer solution at 7 and 4, according to 

described by the method    (AOAC, 2005) 

 
Sensory Evaluation 
Sensory properties (flavor, texture, appearance, taste, and overall acceptability) were 

evaluated by ten semi-trained panelists composed of 6 females and 4 males. Panelists 

were selected based on their previous experience in sensory evaluation. Samples were 

given to each panelist in a completely randomized order, served on white saucers and 

labeled with three digit random numbers. Panelists were served water and unsalted 

crackers to clean their mouth before testing each sample. Using five point hedonic 

scale panelists were asked to rank or to score sensory attributes based on preference 

where; 1= for dislike very much, 2= for dislike moderately, 3= for neither like nor 

dislike, 4= for like moderately and 5= for like extremely. An average score above 3.5 

was considered a limit of acceptability for all sensory attributes. 

 
Statistical analysis 
 
Statistical analysis of physio-chemical and sensory data was performed by SPSS 

software version 20 (SPSS, Inc., Chicago, IL, USA). Analysis of variance was 

performed using two-way ANOVA at 95% confidence interval and 5% level of 

significance. For comparison of treatments, sensory data were subjected to analysis by 

Kruskal Wallis test and value of P ≤0.05 was considered statistically significant. 

 
Results and Discussion 
 

Fruit weight loss: Table 1 show the change in weight of   coated and uncoated 

nectarine fruits, which were maintained at different temperatures during the storage 

period. The result indicated that percentage of weight loss increased steadily with 

prolonged storage period. There was a significant difference between the treatments (P 

≤0.05). The highest percentage of weight loss  recorded for uncoated fruits stored at 22 

ºC (control), while, the lowest percent weight loss was recorded for coated nectarine 

fruits  at  stored 1° C (Table 1). This result was similar with the findings of Joyce et al., 

(1995), who reported that waxing extended storage life of avocado through the 

reduction of moisture loss and modification of internal storage. The nectarine fruits, 

which were coated and stored at 1°C and 6°C, had lower weight loss percentage than 

those fruits coated and stored at room temperature. This indicates that, in addition to 

waxing, especially storage temperatures condition of coated fruits determines the shelf 

life of nectarine fruits. Hence, waxing and storage at room temperature may not act as 

moisture loss barrier for a long period as compared to waxing and preserving at cold 

storage. This might be, cracking of wax layer with increased with increased storage 

temperature its role covering the surface of nectarine fruits to minimize moisture loss 

through evaporation from the fruits. Similar findings were reported by Shein et al., 

(2008) who stated that the use of 18% teva wax coating in combination with cold 
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storage can reduce the percentage of weight loss of ‘Sai Nam Peung’ mandarin orange 

(Citrus reticulata Blanco) up by to 30%.  

 

The results of present study also indicated that coated nectarine fruits stored at cold 

temperatures (1°C and 6°C) had lower percentage of weight loss. Hence, coating and 

storing under cold conditions seems effective method to increase shelf life of nectarine 

fruits. This finding is less or more similar with the work of other  researchers Patel and 

Goswami (1984), who showed that  storage life of mango fruits was extended by wax 

coating and cold storage. 

 
Titratable acidity: There was statistically significant difference (P≤ 0.05) among the 

treatments for titratable acidity. The highest mean value of titratable acidity (1.452%) 

was recorded for coated fruits maintained at 6ºC during the storage periods, while 

uncoated fruits stored at room temperature (22ºC). Relatively higher values of titratable 

acidity were observed for coated fruits as compared to those uncoated and stored at 

higher temperatures.  

 
This could probably be due to the effect of waxing and lower storage temperatures 

(6°C and 1°C) to slow down the change in fruit acidity and the rate of breakdown acids 

into sugars during metabolic activities. Besides, coating fruits might have deprived 

intake of oxygen, retarding the rate of respiration and, thus metabolism. The decrease 

in acid content of incorporated fruits stored at high temperature could also be caused 

by the use of acids in the fruit as a source of energy and conversion of organic acids to 

form sugars (Burton, 1985; Willis et al., 1998).  

 

Fruit juice pH: Table 1 show that there was a significant difference (P≤0.05) among 
the treatments for pH of fruit juice. The highest mean pH value (4.29) was observed for 

uncoated fruits stored at room temperature (control), while the lowest value (3.42) was 

recorded for coated fruits stored at 6°C (Table 1).  

 

The result indicated that coated fruits stored at low temperatures had lower mean pH 

values did uncoated fruits stored at higher temperatures. This might be due to 

combined effect of waxing and cold storage to slow down oxidation of acids found in 

nectarine fruits. The result of the present study was in agreement with the work of 

Diaz-Sobac et al., (1996) who reported higher increases in pH of the control samples 

compared to pH of the mangoes coated with maltodextrin and methylcellulose. The 

result of the present study was also in line  with previous findings Medlicott et al., 

(1987), indicating  that the rate of increase in pH of control samples were higher than 

in coated fruits. 

 
Total soluble solids (TSS): The result presented in Table 1 shows the difference in 

TSS of the coated and uncoated nectarine fruits, which was significant (P≤0.05) during 

storage period. The result indicated that the highest mean (15.32ºBrix)  TSS was 

observed for coated fruits stored at 6°C while the lowest value (0.93ºBrix)  was  for the 

control treatments. The reduction in TSS during of uncoated fruits stored at higher 

temperature could be faster gas exchange metabolic rates (Mahajan et al., 2006).  The 
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mean TSS content for coated fruit stored at 6°C, coated fruit stored at 1°C, coated fruit 

stored at room temperature, uncoated fruit stored at 6°C, uncoated fruit stored at 1°C 

and uncoated fruits stored at room temperature (control).  

 

Besides, at the end of the storage period were 15.32 
o
Brix, 15.23

 o
Brix, 13.82

 o
Brix, 

10.73 
o
Brix, 10.46

 o
Brix and 0.93 

o
Brix, respectively (Table 1). The increase in   mean 

TSS with prolonged storage time could be probably due to the effect of waxing and 

cold storage, as waxing and cold storage condition slows down the rate of respiration 

and, thus percentage of TSS increased slowly with storage period. This result was in 

agreement with the findings of Patel et al., (2008), who reported that changes in TSS 

content are natural phenomena that are correlated with hydrolytic changes in 

carbohydrates during storage. 
 

             Table 1. Effect of bee wax coating and storage temperature on physico-chemical properties of nectarine fruits 

Treatment pH TA (%) TSS (%) Weight Loss (%) 

Coated fruits stored at 6°C 3.42±0.06c 1.45± 0.06a 15.32±0.91a 8.20±1.48c 

Coated fruit stored at 1°C 3.62± 0.07bc 1.37± 0.05ab 15.23±0.83a 7.97±1.15c 

Coated fruit stored  at 22ºC 3.91±0.17abc 1.19±0.11abc 13.82±0.91ab 14.06±3.04bc 

Uncoated fruit stored at 6°C 3.99±0.13ab 1.03± 0.11bc 10.73±0.95bc 20.39±3.19ab 

Uncoated fruit stored at 1°C 4.01±0.15ab 1.01±0.09bc 10.46±1.15bc 19.78±3.00ab 

Uncoated fruit stored (control) at 22ºC 4.29±0.16a 0.93±0.11c 9.36±1.20c 25.27±3.67a 

SE= Standard error of the mean. Means followed by different letters within a column are 
significantly different at P ≤ 0.05 level. 

 

Flavor and taste: It was observed that there was significant differences (P≤0.05) 

between the treatments for mean score value of flavor and taste (Table 2). The highest 

mean score (4.23) of flavor was observed for coated fruits stored at 6°C, while the 

lowest value (0.77)  was  for the control treatment fruits (uncoated) stored at room 

temperature  throughout storage time (Fig.1). The overall   mean score for coated fruits 

stored at different temperatures was higher than the corresponding value for uncoated 

fruits. The same trend was observed for mean scores of taste with the highest value 

(4.27) for coated fruits stored at 6°C, and the lowest (0.81) for the control treatments 

(Fig.3). In line with this Karakurt et al., (2000) reported that none melting flesh peach 

cultivars which were evaluated as low flavored had reduced soluble sugars and total 

soluble solids. Hence, results of the present study indicate that waxing and storing 

fruits under cold condition  maintain sensory attributes without significant changes for 

longer period,  as there were no significant differences (P>0.05) between coated fruits 

stored in cold storage  flavor and taste during the experiments period. The mean score 

for flavor was positively correlated with the mean score of taste. This could be due to 

the same biochemical constitutes contribution to both flavor and taste of the fruits.   

 

In agreement with results of the present study, Rapaille et al., (2003) have reported that 

sorbitol, as one of alcohol sugars is more beneficial than other sugars with regard to 

diet control and dental health (reducing caloric intake). Moreover, it improves the 

fruit’s taste and texture, as texture and physical properties of a fruit have, in turn, 

influence on fruit taste. Similarly, it has been reported that fruit quality can be properly 
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preserved under cold conditions for long periods, resulting in only a small reduction in 

flavor quality (Abad et al., 2003). 

 

Sourness and texture: Highest mean score values of sourness (4.12)  and texture 

(4.22) were observed for coated fruits stored at 6°C and at 1°C, respectively (Table 2), 

while the lowest mean score parameters were recorded for the control fruits (uncoated  

and stored at room temperature). The result indicated that coated fruits stored at 1°C 

and 6°C exhibited highest mean scores of sourness and texture as compared to other 

treatments. But, the mean score values of coated fruits stored at room temperature were 

higher than those over all mean values of uncoated fruits  (Fig .4 and 5) stored at  

(22°C, 1°C and 6°C). Hence, the result of the present study indicates that coating by 

bee wax and storing cold temperature (1°C and 6°C) may help to maintain the sensory 

quality of nectarine fruits. The study also indicated that coating alone might not help 

much, as shelf life of coated nectarine fruits depends on storage temperature. In 

agreement with this, Patricia et al., (2005) have reported that refrigerated strawberry 

coated with gluten based films had better firmness retention than the control. Similarly, 

coated apple with paraffin oil and jojoba was found to have higher mean scores for 

visual appearance, texture and overall acceptability; while the control apple sample 

had, the lowest mean scores values for those parameters (EL-Anany et al., 2009). 

 
Appearance and overall acceptability: Table 2 shows that there was 

statistically significant difference (P≤0.05) among the treatments for appearance and 

overall acceptability. The highest means score values of appearance and overall 

acceptability were observed for coated nectarine fruits stored at 6°C, while   the lowest 

mean value  was recorded for control treatments (uncoated) stored at room temperature 

(22ºC). The mean scores of appearance and overall acceptability for coated fruits 

stored at 6°C were 4.49 and 4.25, respectively (Table 2). Furthermore, overall 

acceptability values were higher and maintained for longer period for coated fruits 

stored at 1 ºC and 6 ºC than for the other treatments (Fig.6).   

 

This result  was in agreement with the findings of Hassan et al., (2014) who found that 

the highest score of sensory attributes (colour, texture, odor, freshness, appearance, 

fruit firmness, taste, and overall acceptability) was observed for  12% wax coated 

tangerine citrus var. Siam Banjar fruit stored at 5°C. 
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        Table 2.  Mean score values of sensory attributes as affected by bee wax coating and storage temperature of nectarine fruits 
 

Treatment Flavor Sourness Appearance Taste Texture Overall 
acceptability 

Coated fruits 
stored at 6°C 

4.23±0.06a 4.12±0.07a 4.49±0.05a 4.27±0.06a 4.19±0.07a 4.25±0.05a 

Coated fruit 
stored at 1°C 

4.16±0.04a 4.01±0.06a 4.31±0.06a 4.15±0.05a 4.22±0.07a 4.19±0.04a 

Coated fruit 
stored  at 22ºC 

2.67±0.18b 2.62±0.17b 2.61±0.18b 2.61±0.18b 2.48±0.17b 2.59±0.17b 

Uncoated fruit 
stored at 6°C 

1.43±0.20c 1.46±0.20c 1.47±0.20c 1.45±0.20c 1.47±0.20c 1.45±0.20c 

Uncoated fruit 
stored at 1°C 

1.42±0.20c 1.45±0.20cd 1.46±0.20cd 1.45±0.20c 1.47±0.20c 1.45±0.20c 

Uncoated fruit 
stored (control) 
at 22ºC 

0.77±0.16d 0.82±0.16d 0.82±0.16d 0.81±0.16d 0.81±0.17d 0.81±0.16d 

SE= Standard error of the mean.  Means followed by different letters within a column are significantly 

different at p ≤ 0.05 level using   Least Significance Difference 

 
Shelf life essay: ten semi- trained panelists evaluated sensory attributes (flavor, 

taste, appearance, sourness and overall acceptability) at five days interval during the 

storage period. Treatments, which failed in acceptability during the storage periods, 

were discontinued from further sensory evaluation. 

 

 
     Figure 1. The effects of bee wax coating and storage temperature on flavor   

Figure 2. The effect of bee wax coating and storage temperature on  of the nectarine fruits the during storage period.                                                                    
Appearance of the nectarine fruits during the storage period 

 

 

  Figure 3: The effect of bee wax coating and storage temperature                    Figure 4: The effect of bee wax                          
coating and storage temperature 
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Figure 5: The effect of beeswax coating and storage 
temperatures  on sourness of nectarine during 
storage period       

                         

 

Figure 6: The effect of beeswax coating and storage 
temperatures on overall acceptability of nectarine 
during storage period  

                                   

Note: T1=Coated fruits stored at 6°C, T2= Coated fruits 

at 1°C, T3=Coated fruits stored room temperature, 
T4=Uncoated fruits stored at 6°C T5=Uncoated fruits 

stored at 1°C and T6=Uncoated fruits stored at room 

temperature (22ºC) 

 

Results of the present study indicated that, there were significant variations between 

the treatments for all sensory attributes during the storage period. There was sharp 

decrease in mean value of flavor in T6 (uncoated fruits stored at room temperature) at 

fifth day after storage when other treatments had acceptable values (Fig.1). However,  

mean flavor  coated fruits stored  both at 6°C and  1°C was not much affected and 

gradually declined during the storage periods. This might be due to the influence of 

low storage temperature and coating on flavor enhancer compounds by depressing the 

activity of enzymes facilitating biochemical reactions in the fruit.  

 

Hence, this shows that storing nectarine fruits at room temperature (22°C) had 

detrimental effect on flavor through its effects on biochemical constituents of the fruit. 

In line with this, David et al., (2013) reported that though ethyl-based esters were most 

typical in sweet and aroma, their presence might lead to off-flavor if over-abundant in 

the fruit. Similarly, there was a sharp decline in appearance of uncoated fruit stored at 

room temperature (22ºC)   decrease in coated fruits stored at 6ºC and 1°C was slight 

and gradual during storage period (Fig.2). In general, flavor and appearance of fruits in 

all treatments decreased with prolonged time of storage though coating nectarine fruit 

by bee wax and storing in cold temperature (1°C and 6°C) significantly retained the 

appearance and flavor as well as sensory attributes of the fruits for longer duration. In 

agreements with this results  David et al., (2013) reported that holding mandarins at 

warm temperatures such as 22°C could be very harmful to flavor quality. The 

combined effect of waxing and storage temperature on fruit internal atmosphere and 
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citrus quality has also been shown in some previous works (Eaks and Ludi, 1960; 

Baldwin et al., 1995; Chun et al., 1998). 

 

The score values of taste and texture decreased with the time of storage (Fig.3 and 

Fig.4) and showed the same trend of response to the treatments as did flavor and 

appearance values.  Retention of taste and texture was by far better for coated nectarine 

fruits  than for uncoated fruits and for cold (1°C and 6°C) than for room temperature 

(22ºC) during 50 days of storage As with other sensory attributes mean values of 

texture and taste significantly  decreased with prolonged storage time, particularly for 

uncoated fruits. . These results were in agreement with the finding of Ladaniya and 

Sonker (1997) who reported that, maximum retention of natural freshness and firmness 

was recorded when Nagpur mandrin fruits were waxed and stored for up to 21 days. At 

the initial stages, texture of the fruits becomes more palatable, but eventually the fruit 

structure disintegrates, probably because of physiological and biochemical changed. In 

line with this, it has been reported that, during ripening and maturation, prospecting 

(insoluble form of pectin substances) is gradually broken down to lower molecular 

weight fractions, which are more soluble in water and cause softening of fruits (Wills 

et al., 1981). Similar results have been  also reported for sweet orange by Muhammad, 

(2007) indicating that the scores values of taste  decreased during  fruit storage time 

from zero days to 56 days. The hedonic score values of overall acceptability (Fig.6 and 

sourness (Fig.5) decreased with prolonged storage time, though the rate decline was 

not the same within all treatments. Both parameters had values decreasing at a fastest 

rate   in uncoated nectarine fruits while slowly decreasing exhibited values those   

fruits stored at 1°C and 6°C temperatures.  

 

Hence, such a rapid decline in sourness and overall acceptability values may indicate 

shorter shelf life while slowly decreasing values show longer shelf life nectarine fruits. 

In line with this, it has been reported that  combination of 12% wax coating and storage 

at 5°C was the best treatment for maintaining the quality and extending the shelf-life of 

tangerine citrus var. Siam Banjar,  , as it exhibited  higher overall sensory acceptability 

value than did the other treatments or  the control (Hassan et al., 2014). In general, the 

present study revealed that, waxing and storage under cold condition (1°C and 6°C) 

was superior over uncoating and keeping nectarine fruits at room temperature in terms 

of all most all fruit quality attributes, including shelf life. 

 
Conclusion and Recommendation 
 
Results of the present study showed that bee wax coating and storage temperature have 

a significant role to extend shelf life and maintain the quality of nectarine fruit. The 

highest percentage of titratable acidity and total soluble solids (TSS), as well as highest 

score values of sensory attributes were recorded  for coated nectarine fruits stored at 

6°C, while uncoated nectarine fruits stored at room temperature exhibited  the highest 

percentage of weight loss and pH value and lowest mean score values of sensory 

parameters. Furthermore, the shelf life coated nectarine fruits stored at room 

temperature was extended to 30 days, compared to uncoated fruit stored at the same 
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temperature which deteriorated within three to five days while  the shelf life of coated 

nectarines fruits stored at  1°C and 6°C  was extended to 50 days. Hence, coating 

nectarine fruits by bee wax and storing at 6°C was found to be the most effective 

method in maintaining quality and extending shelf life of the fruits. This finding also 

indicates waxing fruits and storing under cold conditions can be the option to reduce 

post-harvest losses and increase the income of nectarine growing small-scale farmers. 
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Abstract 
 
Beans of sweet and bitter lupine varieties were processed using soaking, cooking, fermentation 

and germination techniques and their effect on nutritional composition and alkaloid contents 

were evaluated. Standard methods of analysis were used to determine proximate composition, 

mineral and alkaloid contents. According to the results, all processing methods, cooking, 

fermentation, germination and soaking significantly affected nutritional compositions and 

alkaloid contents of  sweet and bitter lupine bean varieties (p<0.05). From the study, it can be 

concluded that soaking, cooking and fermentation methods were highly efficient in improving 

nutritional quality and reducing alkaloid contents. These processing techniques were 

particularly recommended to improve taste of bitter lupine bean varieties, where bitterness is 

one of the major challenges affecting consumption of the crop. 

  

Introduction 
 
Lupine is a member of the genus Lupinus, family Leguminosae, subfamily 

Papilioniodeae (Gladstones, 1998). Lupinus is a large and diverse genus comprising 

200–500 annual and perennial herbaceous species, mostly with a height of 0.3–1.5 m 

and attractive long flowers (Ainouche and Bayer, 1999). Having high protein content, 

well-balanced amino acids, good source of dietary fiber and good techno-functional 

properties, lupine seed appears to be promising source of innovative food ingredients 

in recent years. It is also cholesterol free and proved to contain negligible amounts of 

trypsin inhibitors. The development of new food crops from Lupinus is used to 

illustrate the problems associated with heat stable low molecular weight anti-nutritional 

factors. These substances include proteolytic inhibitors, phytohemaggluttinins, 

lathyrogens, cynogenetic compounds, compounds causing favism, factors affecting 

digestibility and saponins. These factors are shown to be widely present in leguminous 

foods that are important constituents of the diet of a large section of the world’s 

population, and particularly, of people in the developing countries (Paurl et.al. 2014).  

 

There are many toxic alkaloids present in Lupinus spp, including pyrrolizidine and 

piperidine alkaloids (Aurelie et. al., 2017). In the species of agricultural interest, the 

toxic compounds of general concern, the quinolizidine alkaloids are commonly 

referred to as lupine alkaloids. This class of molecules is characterized by the presence 

of one or two quinolizidine rings in the structure. In its raw form, the mildly toxic lupin 

alkaloids present in plants causes a bitter taste, and used as defensive mechanism for 

herbivorous (Harborne et.al.,1973).  



16 

 

Traditionally, households soak the beans for 1–3 days, during which some microbial 

activities place, leading to improvement of the nutritional quality of the resulting flour. 

An investigation by Agume et al. (2016) revealed a positive effect of long-time 

soaking in reducing the anti-nutrients and the viscosity of maize flour. The nutritional 

and pasting properties of maize flours were also significantly affected by the 

interaction of soaking and roasting. In Ethiopia, lupin is not common as a food and the 

major limitation is its bitterness. There are many local processing methods believed to 

reduce its bitterness and deserve scientific validations. The objective of this study was, 

therefore, to evaluate the effect of soaking, cooking, germinating and fermenting on the 

nutritional and alkaloid content of bitter and sweet lupine varieties in Ethiopia.  

 
Materials and Methods 
 
Sample collection  
A 200 g lupin bean samples of each bitter (239006) and sweet (welela) varieties were 

collected from Holetta Agricultural Research Center. The samples were sorted and 

cleaned manually to make ready for different processing methods.  

 
Processing methods  
 
Soaking: The beans were placed into pot filled with clean water and soaked for 24 

hours. Then, the water was drained from the beans and rinsed thoroughly after 24 hrs.  

The beans were placed back into the soaking pot and the entire pot filled with fresh 

water. The water was changed and the beans rinsed again in the evening. Rinsing 

process was repeated in the morning and evening for six days, until the beans were no 

longer bitter. Then, the beans were washed and dried for three days in an oven at 50°C. 

Cyclone sample miller milled the dried sample by passing through 0.5 mm sieve size.  

 
Cooking: The 200g cleaned lupin beans were boiled into dish cooker by adding 1.5 

litter of water at 150°C. After 30 minutes, the beans were dried at 50°C for three days 

and milled into fine flour by passing through 1mm sieve cyclone miller.  

 
Germinating: Cleaned lupin beans were soaked in water for 24 hours at room 

temperature. The hydrated seeds were spread on trays and covered with clean 

polyethylene sheet and germination continued for three days in an incubator at 25°C. 

Then, the beans were dried at 50°C for further three days. The formed roots and testa 

were rubbed off; dried and germinated seeds were milled to pass through 1 mm mesh 

screen.  

 
Fermenting: This processing method was undertaken as described by Hallen et al. 

(2004). Clean lupin beans were ground and passed through a 1 mm mesh screen. The 

flour was then mixed with water (in 1:4 ratio) to form slurry, followed by addition of 

5% salt by weight of flour. The slurry was left to ferment in incubator at 25°C for four 

days. The fermented slurry was dried at 50℃ and ground to get fermented lupin bean 

flour.  
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Proximate composition  
Methods developed by Association of Official Analytical Chemists (AOAC, 2005) 

were used to determine crude protein, crude fat, crude fiber, and moisture and ash 

contents of whole lupin bean and flour samples. Moisture content was determined 

gravimetrically by drying samples in an oven at 105°C for 24 hrs. Crude protein 

content was determined by the Kjeldahl method with the SBS 2000 analyzer unit (Food 

ALYT, Germany) using N conversion factor of 6.25. Soxhlet method was used to 

estimate crude fat.  Ash was determined using the combustion method in a muffle 

furnace at 550 
o
C. Carbohydrate content was estimated using the difference method by 

calculating the value as 100 minus all other proximate components. 

 
Mineral analysis  
 
Samples were prepared using dry and ashing method as described by Jones et al. 

(1990). Then, the content of minerals including, calcium, magnesium, sodium, 

potassium, zinc and iron were determined by Atomic Absorption Spectrophotometer of 

Agilent AAS series 200, USA.  

 
Alkaloid content  
The procedure developed by Harborne et.al. (1989) was followed to estimate alkaloid 

content of lupin bean flours. A 5g flour was dispersed into 50 ml of 10% acetic acid 

solution in ethanol. The mixture was well shaken and, then, allowed to stand for about 

4 hrs. before it was filtered. The filtrate was then evaporated to one quarter of its 

original volume on hot plate. Concentrated ammonium hydroxide was added drop by 

drop in order to precipitate the alkaloids. A pre-weighed filter paper was used to filter 

off the precipitate and it was then washed with 1% ammonium hydroxide solution. The 

filter paper containing the precipitate was dried in an oven at 60°C for 30 min, 

transferred into desiccators to cool and then reweighed until a constant weight was 

obtained. The alkaloid content was determined by weight difference of the filter paper. 

Besides, it is expressed as a percentage of the sample weight analyzed.  

 
Statistical analysis  
 
Data collected to see the effect of different processing methods on nutritional and 

alkaloid compositions of lupine varieties were analyzed by one way ANOVA 

(Analysis of Variance) using statistical tools of SAS (SAS, 2004). Significance was 

accepted at ≤ 0.05 level of probability. Mean separation was performed by comparing 

each pair values using t-test for multiple comparison of means.  
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Results and Discussions 

Proximate composition  
All processing methods such as cooking, fermentation, germination and soaking are 

significantly (p<0.05) affected proximate compositions of beans of sweet and bitter 

lupin varieties (Table 1 and 2). Protein and fat contents of bitter lupin variety were 

higher than the sweet one, while the later was better in fiber, ash and carbohydrate 

contents. Moisture content was in the range of 7.6-11.4 g/100g and was significantly 

affected by processing methods only for bitter lupin. A similar effect of processing 

method on moisture content of maize flour has been reported by Aurelie et.al. (2017). 

Protein contents of soaked, germinated and cooked lupin beans were significantly 

higher than for the raw beans (P<0.05), whereas fermentation resulted in lowest values 

for both varieties. In agreement with these results, Baik and Han (2012) have reported 

an increase in protein content of soybean from 1 to 7% due to processing. On the other 

hand, germination resulted in significantly lower crude fat content than did other 

processing methods and unprocessed treatment. Ash content of flours from raw and 

germinated sweet lupin beans was significantly higher than for soaked, fermented and 

cooked treatments (P < 0.05). 

 

           Table 1. Effect of processing methods on proximate composition of beans of sweet lupin variety (g/100g).  
 

Processing 
method 

 
Moisture 

 
Protein 

 
Fiber 

 
Fat 

 
Ash 

 
Carbohydrate 

Cooked 10.2±0.55a 25.5±1.14b 17.6±0.90b 9.1±0.51a 3.3±0.04b 34.5±2.63a 

Fermented 9.5±0.77a 24.9±0.70c 18.4±0.59b 8.2±0.46a 3.1±0.29b 36.0±1.59a 

Germinated 11.4±0.61a 26.5±0.73ab 21.4±0.60a 7.2±0.84b 3.8±0.19a 29.7±0.57b 

Soaked 9.5±2.06a 26.7±0.46a 15.3±1.04c 8.9±0.15a 3.1±0.02b 36.4±3.07a 

Raw 
(Unprocessed) 

9.7±1.11a 25.2±0.43bc 18.3±0.75b 9.3±0.54a 3.6±0.02a 33.9±0.39a 

            Means with the same letter in a column are not significantly different (p>0.05) 

 
              Table 2. Effect of processing methods on proximate composition of beans of bitter lupin variety (g/100g). 
 

Processing 
method 

 
Moisture 

 
Protein 

 
Fiber 

 
Fat 

 
Ash 

 
Carbohydrate 

Cooked 7.6±0.35b 40.6±0.37a 11.7±0.76b 10.4±0.24b 2.9±0.03b 26.8±0.68a 

Fermented 10.4±0.69a 35.6±0.71c 13.1±0.66b 11.1±0.43ab 2.9±0.12b 26.9±0.20a 

Germinated 9.5±0.41a 40.7±1.00a 11.9±0.45b 9.2±0.73c 3.3±0.04a 25.3±1.25a 

Soaked 10.3±0.43a 41.3±0.72a 12.7±0.81b 10.6±0.17ab 2.9±0.10b 22.2±1.62b 

Raw 
(Unprocessed) 

10.5±0.62a 39.1±0.76b 14.5±1.00a 11.2±0.10a 3.2±0.01a 21.5±0.93b 

             Means with the same letter in a column are not significantly different (p>0.05) 

 
Minerals content  
The effect of various processing methods on mineral content of beans of sweet and 

bitter lupin varieties is shown in Table 3 and 4. It was observed that the mineral 

contents of both sweet and bitter lupin beans were significantly influenced by different 

processing treatments. The content of K for unprocessed sweet lupin was 142 
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mg/100gm and reduced to 140, 103, 84 and 79 due to germination, soaking, cooking 

and fermentation, respectively (Table 3). In contrast, the value of K for bitter lupin 

variety increased from 32 mg/100g (unprocessed) to 57, 64, 112 and 126 by soaking, 

fermentation, germination and cooking methods, respectively (Table 4). The content of 

Zn for sweet lupin showed non-significant difference due to processing methods, while 

a slight reduction was observed for the bitter variety. On the other hand, Na and Ca 

contents of both bean varieties were significantly affected by processing methods, but 

with inconsistent trends. However, Fe content of beans of both varieties was 

significantly reduced due to processing treatments, where unprocessed beans, followed 

by cooking, had higher values than did soaked ones especially for the bitter variety 

(Table 4). In line with this, Duhan et al. (2002) have indicated that the low iron 

extractability of cooked beans is because of higher phytate levels. The authors further 

explained that a divalent cation, iron, is generally associates with phytic acid possibly 

reducing its extractability. Soaking reduces phytic acid, freeing iron, and resulting in 

higher HCl extractability (Duhan et al., 2004).  

 
                    Table 3. Effect of processing methods on mineral content of sweet lupin bean variety (mg/100g). 
 

Processing 
Method 

K Zn Na Ca Fe 

Cooked 84.40±0.74c 5.31±0.64a 117.1±2.31b 89.23±0.65b 4.15±0.33c 

Fermented 79.10±0.28d 4.28±0.09a 98.85±0.35d 79.62±0.70c 3.19±0.03d 

Germinated 140.41±2.0a 5.43±0.09a 104.37±2.68c 90.48±1.39b 5.34±0.31b 

Soaked 103.58±2.61b 4.74±0.65a 139.65±1.72a 91.54±1.29b 4.46±0.24c 

unprocessed 142.46±1.18a 5.36±0.33a 102.95±0.45cd 98.76±0.56a 9.06±0.24a 

                    Means with the same letter in a column are not significantly different (P > 0.05) 

                        
                       Table 4. Effect of processing methods on mineral content of bitter lupin bean variety (mg/100g). 
 

Processing 
Method 

K Zn Na Ca Fe 

Cooked 126.0±0.44a 9.07±0.28b 160.20±1.17a 77.76±0.33a 35.88±1.35b 

Fermented 63.6±0.64c 7.42±0.29c 110.70±0.71d 69.04±0.43b 23.22±0.47c 

Germinated 111.5±1.66b 9.16±0.48b 100.65±1.72e 63.14±1.15c 12.79±0.28d 

Soaked 56.91±0.36d 8.97±0.42b 131.56±0.07c 67.83±0.75b 12.42±0.36e 

Unprocessed 32.47±0.00e 10.47±0.79a 145.80±1.27b 77.18±0.45a 51.18±0.65a 

                         Means with the same letter in a column are not significantly different (p>0.05) 

 
Alkaloid Content 
Mean alkaloid content values of three replicates are presented in Table 5. There was a 

significant difference between the treatments, where higher alkaloid contents with 

mean values of about 2% and 6% were recorded for unprocessed sweet and bitter lupin 

beans, respectively. Except germination, all other processing methods (cooking, 

fermentation and soaking) significantly reduced alkaloid content of lupin beans nearly 

by half. Cooking and soaking were found to be more efficient in reducing alkaloid 

contents than fermentation and germination. This result was in agreement with some 

previous reports on tubers and plant leaves containing a substantial proportion of 

alkaloids.    
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                             Table 5. Effect of processing methods on alkaloid content of sweet and bitter lupin bean varieties (%)  

 

Processing  method Sweet lupin Bitter lupin (%) 

Cooked 0.76±0.36b 4.60±0.22bc 

Fermented 0.59±0.43b 4.66±0.48b 

Germinated 1.51±0.24a 5.99±0.59a 

Soaked 0.31±0.31b 3.78±0.71c 

Raw 1.76±0.36a 6.03±0.21a 

                            Means with the same letter in a column are not significantly different (p>0.05) 

 
Conclusion 
 
Nutritional composition, mineral and alkaloid contents of beans of sweet and bitter 

lupine varieties processed using soaking, cooking, fermentation and germination 

techniques were evaluated. Based on the results of this study, it was concluded that 

soaking, cooking and fermentation methods were highly efficient in improving 

nutritional quality and reducing alkaloid contents. These processing techniques were 

particularly recommended to improve the taste of bitter lupin varieties, where 

bitterness is one of the major challenges affecting consumption of the crop.  
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Abstract 

 
Protein malnutrition because of cereal-based diets is a common problem of low-

income societies in Ethiopia. Hence, consumption of low cost and protein rich foods 

formulated from cereal-legumes blends is recommended to alleviate the problem of 

malnutrition in most cases. Therefore, this study was carried out to determine the 

nutritional quality and acceptability of porridge formulated from different proportions 

of finger millet (FM) and common bean (CB) composite flours (50%FM:50%CB, 

62.5%FM:37.5%CB, 100%FM, 87.5FM%:12.5CB and 75%FM:25%CB). Functional 

properties and proximate compositions of the composite flours were characterized 

and sensory attributes (appearance/color, aroma, mouth-feel, taste and overall 

acceptability) of porridge prepared from the five composites in a mixture design were 

evaluated using a 5-point hedonic scale. It was observed that the difference between 

the treatments (formulations) was not significant (P>0.05) for all the sensory 

attributes, except for aroma and overall acceptability of the porridge. However, the 

nutritional and functional properties of the composite flours showed significant 

differences among the treatments. In general, it was concluded that 50% FM to 50% 

CB ratio resulted in the highest protein content of the composite flour, while porridge 

with acceptable quality could be prepared from composite flours of 87.5% FM and 

12.5 % CB.  

 
Introduction 
 
Problem of protein energy malnutrition among children is very common in Ethiopia, 

mainly because of cereal-based diets. In a society with low income, it is very difficult 

to live on foods of high protein value, such as egg, milk and meat, due to their 

expensiveness or high price. Low cost, protein-rich and high-energy food formulation 

based on cereal-legume mixtures has been suggested as the best means to alleviate the 

problem for such societies (Akobundu and Hoskins, 1987; Okaka et al., 1992). In line 

with this, common bean (Phaseolus vulgaris L.), as one of protein-rich crops, is the 

world’s most important food legume for direct human consumption mixed with cereals 

to formulate nutritious diets. Average per capita consumption of common bean in the 

main production areas is higher in Africa and estimated at 31.4kg/year (Singh and 

Raghuvanshi, 2012). On the other hand, finger millet (Eleusine coracana) is a good 

source of nutrients especially of calcium and other minerals and fiber.  

 

Total carbohydrate content of finger millet has been reported to be in the range of 72 to 

79.5%. It is also a good source of iron, magnesium, dietary fiber and gained 
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importance because of its functional components, such as slowly digestible and 

resistant starch. Processing finger millet  using traditional as  well  as  modern  

techniques  for  the  development  of  value added  and  acceptable   food  products  

would  be  the  possible solution  for  its  promotion  and  enhancement  of  

consumption, improvement of its nutritional status and, thereby, its increasing 

profitability for better livelihood of the community. 

 

Finger millet is an important staple food for people in low socio- economic group and 

for those suffering from metabolic disorders like diabetes and obesity. It is important 

because of its excellent storage properties and nutritive value (Veenu and Patel, 2013). 

On the other hand, despite high production and productivity potential of beans, their 

consumption and potential role in food product development has not been well 

exploited in Ethiopia. Hence, incorporation of beans in Ethiopian diets through 

appropriate technologies of blending with cereals such as finger millet flour got an 

attention to increase nutritional composition of the composite food product and 

enhance the utilization of both crops in the country. Therefore, the objective of this 

study was to develop finger millet-based food product (porridge) fortified with 

common bean by evaluating sensory attributes (acceptability) and nutritional quality of 

the product made up of different proportions of the composite flours.  

 
Materials and Methods 
 
Sample collection and preparation   
Common bean (Phaseolus Vulgaris L.), variety Roba, and finger millet (Eleusine 

coracana L.), variety Tadesse, were collected from Melkasa Agricultural Research 

Centre. Seeds of common bean were manually cleaned by hand picking the chaff and 

stones. The cleaned beans were washed with water in order to remove the adhering 

dirt. The beans were soaked in water for about 10 minutes and pounded gently in a 

mortar to dehull. The beans and finger millet grain were sorted, roasted and milled by 

Cyclone sample mill (Model: 3010-019) to obtain flour.The flour formulation was 

standardized using design expert and Minitab software. 

 
Formulations of composite flours 
Composite flours of finger millet (FM) and common bean (CB) were prepared as 

shown in Table 1 below. Hundred percent (100%) finger millet flour was used as a 

control and represented by Run3, while composite flours of 50%FM:50%CB, 

62.5%FM:37.5%CB, 87.5%FM:12.5CB and 75%FM:25%CB flours were represented 

by Run1, Run2, Run4 and Run5,  respectively. 
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    Table 1. Formulation of finger millet-common bean composite flours  

 

Ingredient Run1 Run2 Run3 Run4 Run5 

Finger millet flour (g) 50 62.5 100 87.5 75 

Common Bean (g) 50 37.5 0 12.5 25 

Water (L) 0.75 0.75 0.75 0.75 0.75 

Salt (tea spoon) 1 1 1 1 1 

 
Porridge preparation 
A thick and consistent porridge was prepared from all the formulations, including the 

control (100% finger millet, Run3), by cooking with warm water and stirring until 

desired consistency was attained. The porridge was kept until it got cool to a mild 

temperature and served to panelists with plastic plates.  

 
Sensory evaluation of the porridges 
Each porridge sample was evaluated by a semi-trained panelists of 25 people briefed 

with scoring method of sensory attributes using  a 5- point hedonic scales, where 5 

stands for like very much, 4 for like, 3 for neither like nor dislike, 2 for dislike and 1 

for dislike very much. The sensory attributes used for evaluation were 

appearance/color, aroma, taste, mouth-feel and overall acceptability.  

 
Composition study 
Proximate composition including moisture, ash, fat, fiber and protein contents of both 

the composite flours and porridge samples were determined following AOAC methods 

(AOAC, 1990), while carbohydrate content was determined by difference method. 

Mineral content of the flour was also determined using the standard procedure 

developed by AOAC (AOAC, 1990). 

 
Functional properties 
Bulk density, water absorption capacity, swelling power and dispensability of the 

composite flours were determined using standard methods (Hassan et al., 2013).  

 
Statistical analysis 
 

Triplicate samples were considered for proximate composition, functional property and 

sensory evaluation. The data obtained was, subjected to analysis of variance (ANOVA) 

and least significant difference (LSD) test was employed to separate the means as 

described by (Ihekoronye and Ngoddy, 1985). 

 

Results and Discussion 
  
Proximate composition of composite flours 
Results of the statistical analysis showed that mean proximate values of the treatments 

were significantly different (P<0.05), except for protein content. The proximate 

composition values of the composite flours ranged between 7.9873 and 9.091 % for 

moisture, 2.2083 and 3.4497 % for ash, 8.8430 and 14.4860 % for protein, 1.0603 and 

1.5167 % for crude fat, 1.5190 and 7.4817 % for crude fiber and 68.720 and 79.2290% 
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for carbohydrates (Table 2). It was found that moisture content of the composites was 

low (less than 12%) and such a low moisture content of the formulations is a good 

indicator of the potential of composites to have longer shelf life. In line with this, it has 

been reported that materials, such as flour and starch, containing more than 12% 

moisture content have less storage stability than those with lower moisture content 

(Louise et al., 1991). In the present study, sample Run3 (100% FM flour) had the 

highest moisture content (9.0697%), which was significantly differed from the other 

treatments, while Run5 had the lowest value (7.90%). On the other hand, sample Run1 

(50% FM and 50% CB) had the highest ash value (3.4497%) and followed by Run2 and 

Run5 with mean values of 3.091% and 2.841%, respectively. Such a high ash value of 

food samples is an indication of high mineral content (Rupérez, 2002). Hence, high ash 

value of the flour sample Run1 may likely be due to the substitution of finger millet 

with fifty percent common bean flour that is rich in K and P contents. The control 

sample Run3 had the lowest ash value (2.2083%), indicating that ash content of the 

flour samples increased with an increasing substitution of finger millet with common 

bean flour (Table 2). 

 

The composite flours had protein content ranging from 10.215 - 14.480%. The control 

sample (100% FM) had the lowest protein content (8.8430%), while sample Run1 

(50%FM: 50%CB) ranked first (14.486%), followed by Run2 (62.5%FM: 37.5%CB) 

(13.1140%). The increase in protein content with addition or increasing proportion of 

common bean is quite expected and has been recommended to alleviate the problem of 

protein malnutrition in low-income society (Okaka et al., 1992). Run5 (75%FM: 

25%CB) showed the lowest crude fiber content (1.5190%), which had the highest 

value for Run1 (7.4817). Though most of the samples had statistically similar values, 

sample Run1 (50FM:50CB %) significantly differed from the rest of the samples in 

crude fiber content.  The USDA (2005) that the fiber content of finger millet was found 

to be 3.6% has reported it.  

 

Similarly, carbohydrate content of the composite flour samples showed significant 

difference, with the highest value for Run5 (76.34%), followed by Run3 (74.292%), 

while Run1 had the lowest value (62.27%) (Table 2). In general, the carbohydrate 

content of the composite flours increased with decreasing proportion of common bean. 

This shows that addition of common bean contributed less to the carbohydrate content 

of the composites. The composite flours were significantly different in their fat content, 

but sample Run1 and Run2 had almost similar values. It was observe that Run3 (100% 

FM) had the highest fat content (1.5167%), followed by Run1 (50 FM: 50% CB) 

(1.3247%) and Run2 (62.5 FM: 37.5% CB) (1.1747%), while Run4 had the lowest value 

(1.0605%) (Table 2). Crude fat content in finger millet has been reported to be in the 

range of 1.3 and 1.8% (Bhatt et al., 2003). The present study showed that fat content of 

finger millet is not affected by substitution of finger millet flour with 50% common 

bean flour. In general, fiber (4.043%), protein (8.843%) and carbohydrate (74.292%) 

contents of the control sample in the present study showed greater values         

https://www.sciencedirect.com/science/article/pii/S0308814602001711?via%3Dihub#!


27 

 

Table 2. Proximate analysis and functional properties of finger millet (FM)-common bean (CB) composite flours 
 

Treatment 
 

Proximate composition (%) Energy (Kcal/g) 

Moisture Protein  Crude fibre Fat  Ash  CHO 

Run1 7.9873±0.1853b 14.4860±0.1876a 7.4817±1.9264a 1.3247±0.0250b 3.4497±0.0654a 65.271±2.1888c 330.950c 

Run2 9.0697±0.3649a 13.1140±0.2369b 4.317±1.7784b 1.1747±0.0245b 3.0910±0.0295b 69.234±2.1785b 339.960bc 

Run3 9.091±0.3632a 8.8430±0.1922e 4.0493±1.8152b 1.5167±0.0520a 2.2083±0.0798e 740..292±2.3747a 346.190ab 

Run4 8.9443±0.3021a 11.729±0.0708c 2.5203±1.3972b 1.0603±1.3972d 2.4420±0.0286d 73.298±1.1643a 349.710ab 

Run 5 7.90±0.11b 10.21±0.32d 1.51±1.42b 1.13±0.03c 2.84±0.01c 76.38±1.49a 356.610a 

Mean 8.5993 11.677 3.9775 1.2431 2.8064 71.697 344.680 

CV 3.31 1.87 42.3 2.84 1.78 2.70 2.190 

LSD@5% 0.5177 0.3967 3.0610 0.0643 0.0911 3.5257 13.712 

Means followed by the same letters within a same column are not significantly different at 5% probability level.  All values are means of triplicates. Run1 = 50%FM:50%CB, 
Run2 = 62.5%FM:37.5CB, Run3 = 100%FM:0%CB, Run4 = 87.5%FM:12.5%CB and Run5 = 75%FM:25%CB 
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than which have been reported by Amir et al. (2016). The caloric value of composite 

flours was significantly different (P<0.05) for the treatments. The highest and lowest 

energy values were recorded for Run5 and Run1 with mean values of 356.61 Kcal/g and 

330.95 Kcal/g, respectively. 

 
Functional properties of composite flours 
Mean values of functional properties were significantly different (p<0.05) for the 

treatments. Bulk density, water absorption capacity, swelling power, water solubility 

and dispensability values ranged from 0.75 - 0.9207g/mg, 117.5 - 145.102g/g, 120.360 

- 145.830g/g, 6.0383 - 14.530% and 65.167 - 77.333%, respectively (Table 3).  
 

Bulk density is a measure of heaviness of flour and is generally affected by the particle 

size and density of the flour. It is very important in determining packaging 

requirement, material handling (Karuna et al., 1996) and application of wet processing 

method in the food industry (Hassan et al., 2013). In the present study, bulk density of 

Run1 was the highest (0.9207g/mg), followed by Run2 and Run5 with mean values of 

0.8247g/mg and 0.8200g/mg, respectively (Table 3). The increase in bulk density of 

composite flours could probably be due to the substitution of finger millet flour by 

common bean flour. It has been reported that high bulk density is a desirable 

characteristic for the packaging of food materials of high nutrient contents (Hassan et 

al., 2013).  

 

The lowest bulk density (0.725g/mg) was observed for the control sample Run3 

(100%FM), which was nearly greater than the result reported by Amir et al. (2016) 

(0.67g/ml). Low density, however, has been found to be useful in the formulation of 

complementary foods (Akpata and Akubor, 1999). Nevertheless, as discussed earlier, 

change in bulk density is generally affected by particle size and density of the flour and 

is very important in determining packaging requirement and material handling (Karuna 

et al., 1996).  

 

Water Solubility of finger millet and common bean composite flour was significantly 

affected by the treatments. The composite flour Run1 (50%FM: 50CB %) was found to 

have higher water solubility index (14.530%), followed by Run5 and Run2 with mean 

values of 11.3170, 11.047%, respectively. The lowest value for the control sample 

(Run3) could be because of high content of starch and low contents of protein and fat in 

finger millet. In line with this, Wang and Seib (1996) have reported that higher amount 

of protein and fat could inhibit the swelling power of starch granules. Similarly, 

swelling power of the composite flours ranged from 120.36 - 145.83g/g, where sample 

Run2 (67.5% FM: 37.5% CB) showed significantly (P< 0.05) different (except for 

sample Run1) and the highest value (145.83 g/g), while sample Run3 (100% FM) had 

the lowest value (Table 3). Such variations in the swelling capacity may indicate the 

degree of exposure of the internal structure of starch present in the flour to the action of 

water (Ruales et al., 1993). In line with this, it has been reported that swelling power is 

regarded as quality criterion in some good formulations such as bakery products and is 

an indication of the presence of amylase, which influences the quantity of amylose and 

amylopectin present in the flour. Swelling power is also related to the water absorption 
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index of starch-based flour during heating, as the higher the swelling power, the higher 

is the associated forces (Loss et al., 1981).  
 
        Table 3. Functional properties of composite flours 
 

Treatment 
 
 
 

Functional property 

Bulk density 
(g/mg) 

Water absorption 
capacity (g/g) 

Swelling power 
(g/g) 

Water solubility 
index (%) 

Dispensability 
(%) 

Run1 0.9207±0.0254a 144.530±7.3528a 144.84±6.3631a 14.530±0.7465a 65.167±0.2887e 

Run2 0.8247±0.0275b 145.100±17.979a 145.83±3.7108a 11.047±0.2023b 66.500±0.5000d 

Run3 0.7250±0.0210d 117.50±15.949b 120.36±0.5971c 6.0383±0.6046d 77.333±0.2887a 

Run4 0.7777±0.0251c 137.300±4.0037ab 136.990±4.2807b 7.9810±0.2506c 73.833±0.2887b 

Run 5 0.82±0.02c 139.07±1.81a 137.21±1.1b 11.31±1.49b 68.50±0.50c 

Mean 0.8136 136.70 137.05 10.183 70.267 

CV 3.00 8.35 2.810 7.92 0.55 

LSD (0.05) 0.044 20.759 7.0140 1.4667 0.7046 

Means followed by the same letters within a column are not significantly different at 5% probability level. All 

values are means of triplicates. Run1 = 50%FM:50%CB, Run2 = 62.5%FM:37.5CB, Run3 = 100%FM:0%CB, 

Run4 = 87.5%FM:12.5%CB and Run5 = 75%FM:25%CB. 

 

On the other hand, the water absorption capacity (WAC) measures the volume 

occupied by the starch after swelling in excess water, which maintains the integrity of 

starch in aqueous dispersion and it is important in the development of ready to eat 

foods, as a high absorption capacity may assure product cohesiveness (Housson and 

Ayenor, 2002). The highest WAC was for Run2 (145.10g/g) and the lowest value was 

for Run3 (the control) (117.50g/g). This result was quite in agreement with some 

previous findings on beans flour (123.4 to 138.0g/g). Dispensability of the composites 

showed that the control sample Run3 had the highest value, which was 77.333%, 

followed by Run4and Run5 with values of 73.833% and 68.5%, respectively, while 

Run1 exhibited the lowest value (65.167%) (Table3). The highest value for the control 

sample could be attributed to its higher starch and lower protein content, water 

solubility and water absorption capacity, because of lower inhibition of the swelling 

power of the starch granules (Wang and Seib, 1996). 

 
Proximate composition of porridges 
Proximate composition of porridge made up of the different finger millet and common 

bean flour blends is shown in Table 4. Moisture, ash, protein and fat contents of 

porraidge samples ranged between 7.969 and 9.1223%, 1.886 and 3.212%, 8.142 and 

12.77% and 0.766 and 0.910%, respectively. It was observed that moisture and fat 

contents of the porridge samples significantly decreased with increasing substitution of 

finger millet with common bean flour. On the other hand, protein (except for Run5) and 

ash values of the samples increased with increasing proportion of common bean flour 

(Table 4). Hence, protein content of sample Run1 (50%FM: 50%CB) was significantly 

higher (12.770%), while the control sample had the lowest value (8.142%) (Table 4). 

The protein content of porridge sample Run1 (50%FM: 50%CB) observed in the 

present study was greater than the value (12.42%) previously reported for 20% 

soybean: 80% sorghum porridge. Fiber content of the porridge samples was ranging 

from 3.52 % (Run5) to 3.936 % (Run2), while carbohydrate content was found to be 

within a range of 71.672% for Run1 to 76.483% for Run5. The highest caloric value of 
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porridge (347.430 Kcal/g) was obtained for Run5 and the lowest was for Run2 (344.280 

Kcal/g) (Table 4).In general, proximate composition of porridge samples followed the 

same trend as observed for the composite flours. 
 
      Table 4: Proximate composition of Porridges 

 

Means followed by the same letters within a column are not significantly different at 5% probability level. FM 

= Finger Millet and CB = Common Bean. All values are means of triplicates. Run1 = 50%FM:50%CB, Run2 
= 62.5%FM:37.5CB, Run3 = 100%FM, Run4 = 87.5%FM:12.5%CB and Run5 = 75%FM:25%CB 

 
Mineral content of composite flours 
Mineral contents of composite flours of finger millet and common bean including the 

control sample are shown in Table 5. It was observed that mineral content of the 

composite flours ranged from 1809.3 to 3118.1mg/kg for Ca, 741.24 to 2016.0mg/kg 

for Mg, 31.931 to 59.585mg/kg for Na, 2904.5 to 6926.8mg/kg for K, 250.10 to 

449.99mg/kg for Fe, 21.314 to 24.542mg/kg. Besides, for Zn, 1822.2 to 5548.6 mg/kg 

for P and 112.57 to 156.18mg/kg for S. Results of the statistical analysis showed that 

the composite flours were significantly different (P≤0.05) from each other for all 

minerals. Sample Run1 (50 FM: 50% CB) had higher K, S, and P contents than did the 

control sample (100%FM)| which exhibited higher values of Fe, Na, Ca and Zn, 

followed by Run4 (87.5 FM: 12.5% CB) with values of 400.1mg/kg for Fe and 

23.735mg/kg for Zn (Table 5). This result indicates that addition of common bean has 

negatively affected mineral content of the flour, except for K, P and S, which showed 

increasing values with an increase in proportion of common bean flour in the 

composites. 
      

Treatment 
 

Proximate composition (%) Energy 
(Kcal/g) 

Moisture  Ash  Protein  Fat  CHO   Fiber   

Run1 7.969b 3.212a 12.770a 0.775b 71.672b 3.601 344.740 

Run2 7.994b 2.974b 11.512a 0.780b 72.804b 3.936 344.280 

Run3 9.122a 1.886d 8.142b 0.910a 76.206a 3.733 345.580 

Run4 8.825a 2.074c 11.697a 0.903a 73.104b 3.396 347.330 

Run 5 8.348b 2.232c 8.6503b 0.7667b 76.483a 3.520 347.430 

Grand 
mean 

8.452 2.476 10.554 0.8269 74.054 3.637 345.870 

CV 2.57 3.91 13.22 1.00 2.100 9.520 0.510 

LSD (0.05) 0.5177 0.76 2.5389 0.0151 2.822 0.630 3.183 
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Table 5: Mineral content of finger millet (FM)-common bean (CB) composite flours 
 

Treatment 
 

Minerals 

Ca (mg/kg) Mg (mg/kg) Na (mg/kg) K (mg/kg) P (mg/kg) S (mg/kg) Fe (mg/kg) Zn (mg/kg) 

Run1 1809.3±9.161e 741.24±632.34b 51.931±0.2102e 6926.8±30.844a 5548.6±2385.5a 156.18±0.8106a 250.10±1.0197e 21.314±0.1377e 

Run2 2136.5±11.290d 774.62±577.170b 53.845±0.2133d 5921.2±23.349b 2550.2±6.3264b 145.28±0.8691b 300.07±1.3127d 22.121±d 

Run3 3118.1±17.812a 1111.1±6.1632ab 59.585±0.4956a 2904.5±5.7879e 1822.2±8.8011b 112.57±1.4502e 449.99±2.2197a 24.542±0.1504a 

Run4 2790.9±15.624b 1110.1±4.1727ab 57.672±0.3822b 3910.1±9.2871d 2064.9±5.5805b 123.47±1.2160d 400.10±1.9141b 23.735±0.1454b 

Run 5 2463.7±13.402c 2016.0±786.15a 55.758±0.2821c 4915.6±16.025c 2307.5±4.3205b 134.37±1.0145c 350.04±1.6117c 22.928±0.1420c 

Grand mean 2463.7 1150.6 55.758 4915.6 2858.7 134.37 350.04 22.928 

CV 0.56 45.18 0.60 0.39 37.32 0.82 0.48 0.62 

LSD (0.05) 25.109 945.69 0.6093 35.212 1940.9 1.9968 3.0381 0.2602 

Means followed by the same letter within a column are not significantly different at 5% probability level. All values are means of triplicates. Run1 = 50%FM: 50%CB, Run2 = 
62.5%FM: 37.5CB, Run3 = 100%FM: 0%CB, Run4 = 87.5%FM: 12.5%CB and Run5 = 75%FM: 25%CB. 
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Sensory properties of porridge samples  
Results of sensorial evaluation of porridge samples showed that there was no 

significant difference (P>0.05) between the treatments, except for aroma and overall 

acceptability. Though the porridge samples were not significantly different in their 

appearance, Run3 (100%FM) had the highest score value (3.8153), followed by Run4 

(3.7320) and Run1 (3.7083), while Run2   exhibited the lowest (3.5597). Similarly, 

porridge sample Run3 (100%FM) had the highest aroma value (3.9763), followed by 

Run4 (87.5FM:12.5%CB) with a value of 3.9107, while Run2 had the lowest value 

(3.2917). The treatments were not significantly different for taste, though porridge 

sample Run4 had the highest (4820) and Run1 (50FM:50%CB) had the lowest mean 

score value (3.1250) (Table 6). The lowest score value of taste for Run1 could be 

attribute to the more enhanced beany flavor at higher proportion of common bean flour 

in the composite Mixture.  

 

On the other hand, despite lack of significant difference between treatments, the 

control sample had the highest mouth-feel value (3.8097), followed by Run5 (3.6727), 

while Run1 had the lowest value (3.4940). Overall acceptability of the porridge samples 

was significantly affected by the treatments, where Run4 (87.5FM:12.5%CB) had the 

highest value (4.1787), followed by the control Run3 (3.9107), while Run2 scored the 

lowest value (3.3810) (Table 6).  In general, the porridge sample composed of 

87.5%FM and 12.5%CB was rated by the panelists as highly acceptable, probably 

because of its superior taste, while Run2 (67.5FM and 32.5CB) ranked least (3.3810) 

(Table 6). The control sample Run3 (100%FM) also ranked better than did the other 

treatments, probably due to its higher appearance, aroma and mouth-feel values. On the 

other hand, lower score values of sensorial properties for porridge sample Run2 

(67.5FM:37.5CB) might have contributed to its least overall acceptability. In general, 

porridge prepared from composite flours were appreciated by the panelists in the order 

of Run4 (87.5FM:12.5%CB), Run1 (50FM:50CB %), Run5 (75FM:25%CB) and Run2 

(62.5FM:37.5%CB) as compared to the control (100% FM). 
 
     Table 6: Sensorial properties of finger millet (FM)-common Bean (CB) porridge 
 

Treatment 
 

Sensory  Attribute 

Appearance Aroma Taste Mouth feel Overall acceptability 

Run1 3.7083±0.3146a 3.7023±0.3982b 3.1250±0.2165a 3.494±0.3205a 3.7440±0.3275abc 

Run2 3.5597±0.1686a 3.2917±0.2602b 3.1607±0.4084a 3.5713±0.1758a 3.3810±0.2411c 

Run3 3.8153±0.2827a 3.9763±0.4902a 3.2560±0.1161a 3.8097±0.4137a 3.9107±0.1932ab 

Run4 3.7320±0.2337a 3.9107±0.0779a 3.4820±0.2027a 3.5237±0.0410a 4.1787±0.2667a 

Run5 3.5773±0.2501a 3.7857±0.1394ab 3.4403±0.1132a 3.6727±0.5978a 3.7023±0.1339bc 

Grand Mean 3.6785 3.7333 3.2928 3.6143 3.7833 

CV 6.93 8.40 7.20 10.08 6.38 

LSD@5% 0.4635 0.5707 0.4313 0.6629 0.4394 

Means followed by same letters within a column are not significantly different at 0.05 P level. All values 

are means of triplicates ± standard deviation. Run1 = 50%FM: 50%CB, Run2 = 62.5%FM: 37.5CB, Run3 

= 100%FM:0%CB, Run4 = 87.5%FM:12.5%CB and Run5 =75%FM:25%CB. 
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Conclusion 
 
It was observed that composite flour with highest protein content was achieved by 

blending 50% finger millet with 50% common bean. Porridge of acceptable quality 

was prepared from composite flours of 87.5% finger millet and 12.5% common bean. 

Therefore, it was concluded that the use of common bean in combination with finger 

millet in appropriate proportions could enhance utilization of both cops and alleviate 

the problem of protein malnutrition by avoiding relying on a single crop. 
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     Abstract 
 

This experiment was conducted to evaluate traditional flat bread prepared from 

composite flours of wheat, cowpea and mung bean. Standard methods of analysis were 

used to determine physicochemical characteristics, functional properties and mineral 

contents. Five-point hedonic scale was used to evaluate the sensory qualities of the 

bread. According to the results, the traditional bread prepared from composite flours of 

wheat and cowpea/mung bean was within acceptable limits for all sensory attributes. 

However, there were significant differences in proximate composition, mineral content 

and sensory properties at different incorporation levels of cowpea/mung bean. 

Iincorporation of more than 12.5% cowpea/mung bean in wheat can contribute to the 

increment in protein and total mineral contents of the bread. Moreover, the use of 

cowpea and mung beans in substitution of wheat can enhance utilization of legumes and 

improve nutrition security. 

 

Introduction 
 
Bread is a major staple wheat based food product, which has gained wide acceptance 

among consumers in the world (Badifu et al., 2005). Supplementation of cereal-based 

foods with other protein sources such as legumes has gained considerable attentions in 

the recent time (Oluwole and Olapade, 2011). Cowpea and mung beans are important 

legume crops used as dried seeds and forage pods. Cowpea (Vigna unguiculata), also 

known as black eyed bean, southern pea and Crowder pea, is an annual dual purpose 

legume that grows in the semi-arid tropics covering Africa, Asia, Central and South 

America, being a valuable component of traditional cropping systems for human food 

and livestock fodder (Singh et al., 2003). The usefulness of cowpea (Vigna 

unguiculata) in developing high protein foods and meeting the needs of the vulnerable 

groups of the population is now well recognized globally (Olapade 2010 and Olapade 

et al., 2011). Several reports have indicated enrichment of wheat flour for baking. 

Including addition of fluted pumpkin flour (Giami, 2003), lentil and faba bean flours 

(Hsu et al., 1982), chick pea flour (Fernandez and Berry, 1989), soy flour (Misra et al., 

1991), sunflower flour (Yue et al., 1991), winged bean flour (Kailasaptty et al., 1985) 

and mung pea flour (Finney et al., 1982). 

 

Mung beans (Vigna radiata L. Wilczek), on the other hand, are pulses or food legume 

crops used primarily as dried seeds and occasionally as forage or green pods and seeds 

mailto:wabib2014@gmail.com
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for vegetables (Tomooka, 2002). As a food, mung beans contain balanced nutrients, 

including protein and dietary fiber, and significant amounts of bioactive 

phytochemicals. It is an excellent source of high quality protein and is one of the 

cheapest and richest sources of plant protein (Akaerueand Onwuka, 2010). High levels 

of proteins, amino acids, oligosaccharides, and polyphenols in mung beans are thought 

to be the main contributors to the antioxidant, antimicrobial, anti-inflammatory, and 

antitumor activities of this food and are involved in the regulation of lipid metabolism. 

Consumption of mung bean supplemented products can fulfill requirements of essential 

amino acids (Iqbal et al., 2006). It has been suggested by Kenawi et al. (2009) that 

mung bean-wheat flour blends can be used as alternate or in combination with other 

ingredients in many food products.  

 

Despite their economic and social importance, cowpea and mung bean are 

underutilized in Ethiopi. In addition, this received relatively little attention from a 

research standpoint. Carbohydrate source foods are most common in the country and 

animal origin proteins are not in the reach of many households. Developing nutrient-

dense, affordable and accessible food products from locally produced ingredients is a 

viable and sustainable approach to address the problem of malnutrition. Thus, the 

objective of this study was to develop cowpea and mung bean based-bread to alleviate 

the problem of specially protein malnutrition in the country. 

 
Materials and methods 
 
Ingredient collection and preparation 
Grains of bread wheat variety Shorima were collected from Kulumsa Agricultural 

Research Center. Similarly, cowpea variety Bole and mung bean variety N-26 were 

collected from Melkassa Agricultural Research Center. The legumes were soaked 

overnight and dried. All the grains of wheat, cowpea and mung bean were milled into 

flour using cyclone sample mill (Model: 3010-019).  

 

Formulations of composite flours of wheat, cowpea and mung bean  
Wheat, cowpea and mung bean flours were formulated using design expert 14. Table 1 

presents actual proportions of the flours. Cowpea and mung bean replaced wheat flours 

alternatively and evaluated in comparison with 100% wheat (control) which 

represented as Run3 in both cowpea and Mung bean formulations.  
 
                        Table 1. Formulations of wheat-cow pea and wheat-mung bean composite flours  
 

Flour Run1 Run2 Run3 Run4 Run5 

Wheat (g) 50.00 62.50 100.0 87.50 75.00 

Cowpea/Mung bean (g) 50.00 37.50 0.00 12.50 25.00 
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Functional properties of composite flours 
 
Bulk density of the flour: was determined based on the methods used by Narayana 

and Narasinga-Rao (1984) as cited by Edema (2005). A mass of 50 g of the sample 

was put in to a 100 ml measuring cylinder. The cylinder was continuously tapped on a 

laboratory bench until a constant volume was obtained. Then, the volume of sample 

was recorded and bulk density was calculated as weight of the ground flour (g) divided 

by its volume (cm
3
). 

 
Water absorption capacity (WAC): was determined with the method reported by 

Sosulski (1962) as cited by Ayinadis et al. (2010). A 25 ml of distilled water was 

added to a sample of 3g composite flour (w1) in a weighed centrifuge tube (w2). This 

stirred six times focvr 1 min at 10 min intervals. The mixtures were centrifuged at 3000 

rpm for 25 min and the clear supernatant was decanted and discarded. Pellets were 

dried at 50
o
C for 25 min. The adhering drops of water were removed then reweighed 

(w3). The amount of water retained in the sample was recorded as weight gain and was 

taken as water absorption and expressed as the weight of water bound by 100 g dried 

flour. 

 

Dispersibility: was determined by the method of Kulkarni (1991) as cited by Edema 

(2005). A 10 g of flour sample was weighed into a 100 ml-measuring cylinder. 

Distilled water was added up to 100 ml volume. The sample was vigorously stirred and 

allowed to settle for 3 h. The volume of settled particles were recorded and subtracted 

from 100 to get the difference that was taken as percentage dispersibility. 

 

Bread making process 
For preparation of traditional flat bread, flour and other ingredients were mixed and 

dough was well kneaded, and flattened on a hard wooden surface sprinkled with a 

small quantity of flour. Then it was baked on a hot pan, drizzled the griddle with oil 

and cooked for 3 to 4 minutes per side. The prepared breads were then taken for 

sensory evaluation and representative samples were dried, milled and packed in 

polyethylene bags for nutritional composition analysis. 

 

Sensory evaluation  
Bread prepared using wheat and cowpea/mung bean flour blends were subjected to a 

sensory evaluation. Each bread sample was evaluated by a semi-trained panel (a panel 

briefed about scoring of sensory attribute) of 25 people. Since the panelists were not 

fully trained, and to make the evaluation process consistent, a simple 5-point hedonic 

scale was used, where five stands for like very much and 1 for dislike too much, for 

each sensory attribute. The sensory attributes evaluated were color, aroma, texture, 

taste, and overall acceptability.  
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Proximate composition analysis 
Methods developed by Association of Official Analytical Chemists (AOAC, 2010) 

were used to determine crude protein, crude fat, crude fiber, moisture and ash contents 

of both the crops (wheat, cowpea and mung bean) and bread samples. Total 

carbohydrate was estimated by difference method.  

 

Mineral content analysis  
For mineral content analysis, the samples were prepared using dry and ashing method 

as described by Jones et al. (1990). Atomic Absorption Spectrophotometer determined 

minerals including calcium, magnesium, sodium, potassium, iron, zinc, copper and 

manganese. 

 

Statistical analysis 
 
All analyses were carried out in triplicate and data were analyzed using SAS statistical 

software and ANOVA. Differences among means were tested for significance at P < 

0.05 level and, thus; LSD test was employed to separate treatment means. 

 
Results and Discussion 
 
Proximate composition of composite flours 
The proximate composition of wheat and cowpea/mung bean composite flours is 

presented in Table 2. Except for fiber, content in wheat-cowpea and fat content in 

wheat-mung bean flours, which were not significant; all the formulations were found to 

be significantly different (P < 0.05). Protein and ash contents of the composites 

increased with an increasing substitution level of cowpea/mung bean flour, which 

might be due to the high protein and mineral contents of cowpea/mung bean. The 

highest and lowest protein and ash contents were recorded for wheat to cowpea/mung 

bean ratio of 50:50 and 100:0, respectively. In line with this, Nanyen et al. (2016) have 

reported protein value of 17.5% in a flour blend of 50% wheat, 20% acha and 30% 

mung bean. The highest carbohydrate content was recorded in 100% wheat sample that 

might be due to the starchy nature of cereals in general and that of wheat in particular. 

The influence of cowpea and mung bean on proximate composition of the composite 

flour was similar. Moisture content of the composite flours was in the range between 

7.3 and 9.8%, indicating longer storage life of the ingredients. 
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Table 2. Proximate composition of wheat and cowpea/mung bean composite flours (%) 

 

Means with the same letter in a column are not significantly different (p>0.05); T1=50% wheat & 50% cowpea/mung 
bean, T2= 62.5% wheat & 37.5% cowpea/mung bean, T3= 100% wheat, T4=87.5% wheat & 12.5% cowpea/mung 

bean and T5=75% wheat & 25% cowpea/mung bean; CHO= total carbohydrate; CV=coefficient of Variance, 

LSD=least significant difference  

 
Mineral contents of composite flours 

Table 3 and 4 present the mineral compositions of wheat and cowpea/mung bean 

composite flours. Except K in wheat-cowpea composite flour, which was not 

significant, all other minerals evaluated in the study were significantly different for 

each proportion (P < 0.05). Incorporation of cowpea and mung bean in the traditional 

bread positively affected the level of essential minerals including Fe and Zn. However, 

the increment of mineral content in most cases was not in the regular order of 

substitution levels.   
 

Treat
ment 
 

Wheat-Cowpea Wheat-Mung bean 

Moisture Ash Fiber Protein Fat CHO Moisture Ash Fiber Protein Fat CHO 

1 9.8A 3.0A 4.4A 18.7A 1.4A 64.2B 9.4AA 3.2A 5.7AB 20.5A 1.1A 60.0C 

2 7.6B 2.8B 2.3A 16.1C 1.3B 71.4A 8.7BC 3.1A 3.5AB 18.7B 1.1A 64.8B 

3 8.6AB 1.8E 7.0A 13.7E 1.4A 68.9A 8.3C 1.8C 7.7A 13.4D 1.3A 67.6A

B 

4 7.3B 2.2D 5.1A 17.0B 1.4A 68.4A 9.0AB 2.4B 2.8B 15.4C 1.2A 69.2A 

5 7.6B 2.5C 5.8A 15.1D 1.4AB 69.0A 9.2AB 2.6B 2.5B 18.6B 1.2A 66.0A

B 

Mean 8.2 2.5 4.9 16.1 2.0 68.4 8.9 2.6 4.4 17.3 1.2 65.6 

C.V. 10.3 1.7 53.5 1.4 2.7 3.36 3.5 10.6 52.9 1.7 9.6 3.6 

LSD 1.5 0.1 4.8 0.6 0.1 4.175 0.6 0.5 4.3 0.6 0.2 4.2 

Treat
ment 
 

Wheat-Cowpea Wheat-Mung bean 

Moisture As
h 

Fiber Protei
n 

Fat CHO Moisture As
h 

Fiber Protein Fat CHO 

1 9.8A 3.0
A 

4.4A 18.7A 1.4A 64.2B 9.4AA 3.2
A 

5.7AB 20.5A 1.1A 60.0C 

2 7.6B 2.8
B 

2.3A 16.1C 1.3B 71.4A 8.7BC 3.1
A 

3.5AB 18.7B 1.1A 64.8B 

3 8.6AB 1.8
E 

7.0A 13.7E 1.4A 68.9A 8.3C 1.8
C 

7.7A 13.4D 1.3A 67.6A

B 

4 7.3B 2.2
D 

5.1A 17.0B 1.4A 68.4A 9.0AB 2.4
B 

2.8B 15.4C 1.2A 69.2A 

5 7.6B 2.5
C 

5.8A 15.1D 1.4A

B 
69.0A 9.2AB 2.6

B 
2.5B 18.6B 1.2A 66.0A

B 

Mean 8.2 2.5 4.9 16.1 2.0 68.4 8.9 2.6 4.4 17.3 1.2 65.6 

CV 10.3 1.7 53.5 1.4 2.7 3.36 3.5 10.
6 

52.9 1.7 9.6 3.6 

LSD 1.5 0.1 4.8 0.6 0.1 4.175 0.6 0.5 4.3 0.6 0.2 4.2 
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Table 3. Mineral content of wheat and cowpea composite flours (mg/kg) 
 

Treatment Ca Mg Na K P Fe Zn Cu Mn 

1 340.42A

B 
977.6D 40.22D 6430.2A 3349.5D 25.64AB 22.99D 4.64D 19.94B 

2 343.51A 1003.6C 45.84C 6801.4A 3414.8C 25.60B 23.28C 4.94C 18.16C 

3 336.19B 873.8E 17.69E 3779.0A 3088.1E 25.77A 21.82E 3.45E 27.04A 

4 346.44A 1055.5A 57.09A 5358.8A 3545.2A 25.53B 23.86A 5.53A 14.61E 

5 344.98A 1029.6B 51.40B 7405.9A 3480.2B 25.57B 23.57B 5.23B 16.39D 

Mean 342.31 988.0 42.45 5955.1 3375.6 25.62 23.10 4.76 19.23 

C.V.% 1.05 0.32 0.25 34.92 0.25 0.33 0.18 0.38 0.21 

LSD 6.56 5.69 0.19 3783.1 15.544 0.1546 0.0752 0.032
5 

0.0722 

Means with the same letter in a column are not significantly different (p>0.05); T1=50% wheat & 50% 
cowpea/mung bean, T2= 62.5% wheat & 37.5% cowpea/mung bean, T3= 100% wheat, T4=87.5% wheat & 

12.5% cowpea/mung bean and T5=75% wheat & 25% cowpea/mung bean; CV=coefficient of Variance, 

LSD=least significant difference  

 

    Table 4. Mineral content of wheat and mung bean composite flours (mg/kg) 

Treatments Ca Mg Na K P Fe Zn Cu Mn 

1 323.38D 997.68A 30.97A 6899.1A 3252.7AB 30.28A 20.17D 3.82A 18.32E 

2 326.59CD 966.70B 27.66B 6119.0B 3277.4A 29.15B 20.58C 3.73B 20.50D 

3 336.19A 873.77E 17.73E 3779.0E 3106.3C 25.77E 21.71A 3.45E 27.04A 

4 332.99AB 904.75D 21.04D 4559.0D 3151.2BC 26.90D 21.41AB 3.55D 24.86B 

5 329.82BC 935.73C 24.35C 5339.0C 3214.3ABC 28.03C 21.18B 3.64C 22.68C 

Mean 329.79 935.73 24.35 5339.0 3200.4 28.03 21.01 3.64 22.68 

C.V.% 0.98 0.39 0.84 0.45 2.01 0.99 0.96 0.64 0.20 

LSD 5.87 6.56 0.37 43.93 116.87 0.50 0.37 0.04 0.08 

Means with the same letter in a column are not significantly different (p>0.05); T1=50% wheat & 50% 
cowpea/mung bean, T2= 62.5% wheat & 37.5% cowpea/mung bean, T3= 100% wheat, T4=87.5% wheat & 

12.5% cowpea/mung bean and T5=75% wheat & 25% cowpea/mung bean; CV=coefficient of Variance, 

LSD=least significant difference  
 

Functional properties of composite flours 

Functional properties are the fundamental physicochemical properties that reflect the 

complex interaction between the composition, structure, molecular conformation and 

physico-chemical nature of food components together with the nature of environment in 

which these are associated and measured (Siddiq et al., 2009). The functional properties 

(bulk density, water absorption capacity (WAC), water solubility index (WSI) and 

dispersibility) of the composite flours were significantly affected by the treatments (P < 

0.05) (Table 5). Bulk density of flour is the density measured without the influence of any 

compression, and the result of composite flours in the current study ranged from 0.728 to 

0.947 g/cm
3
. High bulk density of flours suggests their suitability for use in food 

preparations. In contrast, low bulk density would be an advantage in the formulation of 

complementary foods (Akapata and Akubor, 1999). WAC is the ability to hold its own 

and added water during application of force, pressing, centrifugation or heating. WAC of 

the composite flours in this study ranged from 117.5 to 145.6%. The increase in WAC is 

always associated with increase in the amylose leaching and solubility, and loss of starch 

crystalline structure. The flour with high water absorption may have more hydrophilic 

constituents such as polysaccharides (Butt and Batool, 2010). WSI determines the amount 

of free molecules leached out from the starch granule with addition of excess water (Ortiz 

et al., 2010). Despersibility value of the composite flours ranged from 60.2 to 75.3%. A 

study by Singh et al. (2003) indicated that the functional properties of flours are affected 
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by their morphology, processing and composition. The authors also explained that the 

lipids of wheat are present at lower levels and significantly affect the swelling and water 

absorption of starch. Furthermore, the technological quality of proteins is also related to 

the water absorption of the flours. 
 

         Table 5. Functional properties of wheat and cowpea/mung bean composite flours 
 

WAC=water absorbing capacity and WSI=water solubility index; Means with the same letter in a column 
are not significantly different (P > 0.05); T1=50% wheat & 50% cowpea/mung bean, T2= 62.5% wheat 

& 37.5% cowpea/mung bean, T3= 100% wheat, T4=87.5% wheat & 12.5% cowpea/mung bean and 
T5=75% wheat & 25% cowpea/mung bean; CV=coefficient of Variance, LSD=least significant 

difference. 

 
Sensory evaluation of bread  
Results of sensory evaluation of the bread prepared from wheat and cowpea and from 

wheat and mung bean composite flours are presented in Table 6 and Table 7, 

respectively. Generally, breads made up of composite flours of wheat and 

cowpea/mung bean were within acceptable limits, more than three, for all sensory 

attributes. Results the statistical analysis showed that bread samples were significantly 

different in their color, taste and overall acceptability (P < 0.05). It was observed that 

addition of up to 50% cowpea/mung bean to wheat had no significant effect on the 

texture of breads. 

 
                       Table 6. Sensory result of bread prepared from wheat and cowpea composite flours 
 

Treatment Color Aroma Texture Taste Over-all acceptability 

1 3.43C 3.71A 3.71A 3.57AB 3.90A 

2 4.05AB 3.19B 3.29A 3.05B 3.52B 

3 3.95ABC 3.76A 3.67A 3.67AB 4.00A 

4 4.29A 3.86A 3.67A 4.00A 3.81AB 

5 3.71BC 3.57AB 3.52A 3.29AB 3.76AB 

Mean 3.89 3.62 3.57 3.51 3.80 

C.V.% 7.65 6.53 9.80 11.30 4.55 

LSD 0.54 0.43 0.64 0.72 0.31 

Means with the same letter in a column are not significantly different (p>0.05); T1=50% 

wheat & 50% cowpea/mung bean, T2= 62.5% wheat & 37.5% cowpea/mung bean, T3= 

100% wheat, T4=87.5% wheat & 12.5% cowpea/mung bean and T5=75% wheat & 25% 
cowpea/mung bean; CV=coefficient of Variance, LSD=least significant difference. 

                   
                      

Treatment Wheat-cowpea Wheat-Mung bean 

Bulk 
Density 

WAC WSI Despersibili
ty 

Bulk 
Density 

WAC WSI Despersibility 

1 0.931A 144.57A 14.903A 72.95AB 0.947A 144.53A 14.113A 68.167D 

2 0.878AB 145.57B 11.263B 60.233C 0.845B 145.10A 10.970B 63.000E 

3 0.798B 117.87B 6.765C 72.300B 0.728D 117.50B 5.826D 72.000B 

4 0.794B 137.430AB 7.747C 73.867A 0.825B 137.30A

B 
7.981C 70.667C 

5 0.823B 139.55A 9.950B 73.867A 0.815B 139.07A 11.317B 75.333A 

Mean 0.845 137.00 10.126 70.637 0.832 136.70 10.041 69.833 

C.V.% 5.630 8.39 7.160 1.18 2.990 8.35 7.10 0.55 

LSD 0.086 20.923 1.318 1.511 0.0452 
 

20.759 1.296 
 

0.699 
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 Table 7. Sensory result of bread prepared from wheat and mung bean composite flours 

 

Treatment Color Aroma Texture Taste Over all acceptability 

1 4.29A 3.57A 3.14A 3.10B 3.71AB 

2 4.24A 3.76A 3.67A 3.86A 3.86AB 

3 3.86AB 3.52A 3.19A 3.52AB 3.52B 

4 4.33A 3.48A 3.48A 3.62AB 4.24A 

5 3.67B 3.81A 3.67A 3.62AB 3.86AB 

Mean 4.08 3.63 3.43 3.54 3.84 

C.V.% 6.83 10.90 9.56 9.77 9.66 

LSD 0.51 0.72 0.60 0.63 0.67 

Means with the same letter in a column are not significantly different (p>0.05); T1=50% 
wheat & 50% cowpea/mung bean, T2= 62.5% wheat & 37.5% cowpea/mung bean, T3= 

100% wheat, T4=87.5% wheat & 12.5% cowpea/mung bean and T5=75% wheat & 25% 

cowpea/mung bean; CV=coefficient of Variance, LSD=least significant difference. 

 
Proximate composition of bread  
Proximate composition of breads prepared from wheat and cowpea/mung bean 

composite flours are presented in Table 8 and 9. Except for fat content of wheat-mung 

bean bread, bread samples prepared from all composite flours were significantly 

different (P < 0.05). Protein and ash contents of the bread samples increased with an 

increasing substitution level of cowpea/mung bean flour, which might be due to the 

high protein and mineral contents of cowpea/mung bean. The highest and lowest 

protein and ash contents were recorded for bread samples prepared from wheat to 

cowpea/mung bean ratio of 50:50 and 100:0, respectively. In agreement with this, 

Nanyen et al. (2016) have reported protein value of 17.5% in bread prepared from 

blends of 50% wheat, 20% acha and 30% mung bean. The highest carbohydrate 

content was recorded for 100% wheat sample that might be due to the starchy nature of 

cereals in general and that of wheat in particular. The influence of cowpea and mung 

bean on proximate composition of bread was similar. The moisture content of breads 

was in the range of 6.3 and 8.1%, indicating longer storage life of the products. 
       
                 Table 8. Proximate composition of bread prepared from wheat and cowpea composite flours (%)  
 

Means with the same letter in a column are not significantly different (p>0.05); T1=50% wheat & 
50% cowpea/mung bean, T2= 62.5% wheat & 37.5% cowpea/mung bean, T3= 100% wheat, 

T4=87.5% wheat & 12.5% cowpea/mung bean and T5=75% wheat & 25% cowpea/mung bean; 

CHO= total carbohydrate; CV=coefficient of Variance, LSD=least significant difference 

        
                    

Treatment Moisture Ash Protein Fat Fiber CHO Energy Kcal/100g 

1 8.01A 2.39A 17.13A 1.51A 4.77A 66.19C 346.91B 

2 7.28B 1.99C 15.72B 1.51A 2.55B 70.94B 360.27A 

3 7.16B 1.63E 14.50C 0.99D 2.48BC 73.23A 359.88A 

4 7.23B 1.85D 14.50C 1.19C 1.93D 73.30A 361.91A 

5 7.11B 2.20B 15.90B 1.20B 2.09CD 71.50B 360.43A 

Mean 7.36 2.01 15.55 1.28 2.76 71.03 357.88 

C.V.% 4.91 1.03 2.21 0.53 0.76 8.09 0.33 

LSD 0.66 0.04 0.62 0.01 0.41 0.99 2.14 
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 Table 9. Proximate composition of bread prepared from wheat and mung bean composite flours (%) 

 

Means with the same letter in a column are not significantly different (p>0.05); T1=50% wheat 

& 50% cowpea/mung bean, T2= 62.5% wheat & 37.5% cowpea/mung bean, T3= 100% wheat, 

T4=87.5% wheat & 12.5% cowpea/mung bean and T5=75% wheat & 25% cowpea/mung bean; 
CHO= total carbohydrate; CV=coefficient of Variance, LSD=least significant difference. 

 
Conclusion 
 
Based on their nutritional composition and functional properties, composite flours of 

wheat and cowpea/mung bean can be regarded as potential ingredients to make food 

product. It was observed that cowpea and mung bean are equally important to be 

incorporated in wheat to make bread, other similar products, as traditional breads made 

from composite flours of wheat, and cowpea/mung bean were within acceptable limits 

for all sensory attributes. However, there were significant differences in proximate 

composition, mineral content and sensory properties at different incorporation levels of 

cowpea/mung bean. In general, incorporation of more than 12.5% cowpea/mung bean 

in wheat can contribute to the increment in protein and total mineral contents of the 

bread. Moreover, the use of cowpea and mung beans in substitution of wheat can 

enhance utilization of legumes and improve nutrition security. 
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    Abstract 
 
The present study was carried out to optimize wheat bread supplementation with 

different concentration levels of soybean flour. Standard methods were utilized to 

evaluate composite flour functional property, baking quality and sensorial analysis. 

Effects of different flour of soybean incorporation levels (0%, 10%, 20%, 30% and 

40%) into completely floured wheat on bread nutritional and sensorial qualities were 

also evaluated. The results showed that soybean flour fortification up to 10% can be 

done without significantly (p<0.05) affecting the sensorial acceptability of the breads. 

At this incorporation level, crude protein, crude fiber, fat and ash contents of the breads 

were 8.8%, 20.9%, 13.75% and 81%, respectively, which were higher than the bread 

made from 100% whole wheat flour. However, further research work is required to 

determine the shelf stability of the enriched breads. 

 

Introduction 
 
Bakery foods are the major cereal products available to consumers. Bread may be 

described as a fermented confectionary product produced mainly from wheat flour, 

water, yeast and salt by a series of process involving mixing, kneading, proofing, 

shaping and baking (Dewettinck et al., 2008). The consumption of bread and other 

baked goods, such as biscuits, doughnuts and cakes produced from wheat flour. This is 

very popular, but the low protein content of wheatflour, especially after moving the 

germ and bran during wheat milling process, has been major concern in its utilization 

(Young, 2001). 

 

The use of white flour is aimed at improving the aesthetic value of white bread. This 

has also led to the drasticreduction in the nutritional density and fiber content when 

compared to bread made from whole grain cereals (Maneju et al., 2011). 

 

Recently, consumers’ awareness of the need to eathigh quality and healthy foods 

known as functionalfoods, that is, foods that contain ingredients thatprovide additional 

health benefits beyond the basicnutritional requirements, is increasing (Ndife and 

Abbo, 2009). Consumption of whole grain is being practiced as researches showed the 

potential to reduce the risk of colorectal cancer, cardiovascular diseases, diabetes and 

obesity (Slavin, Topping, 2007). Moreover, use of composite flours for bread making 

is also recent development across the globe owing to some economic, social and 

healthreasons. Pulses are rich in essential amino acids, including lysine, threonine, 

isoleucine, leucine, phenylalanine and valine. They also have a good mineral profile 

containing K, Fe, Cu, Mg, Zn and Mn. Enrichment of bread and other cereal based 
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confectioneries with legume floursparticularly in regions where protein utilization 

isinadequate has long been recognized. 

 

Protein enriched wheat bread can be an important carrier of nutrition to vulnerable 

groups like pregnant and nursing mothers, young and school children in reducing the 

incidence of malnutritionand at the same time encourage the farmers to growmore 

soybeans due to the increased utilization. Therefore, the objective of this study was to 

formulate and develop functional breads from wheat flours composited with soya flour.  

 

Materials and Methods 
 
Sample collection and preparation 
Refined wheat flour prepared for bread making was purchased from Chilalo Food 

Complex processing company. Soybean variety selected based on its highcontent of 

protein was collected from PaweAgricultural Research Center was used in this study. 

The soybean grain was cleaned from dirt by sorting out contaminants such as sands, 

sticks and leaves, andlater washed, sun dried and then roasted for further drying. The 

dried soybean was milled and sieved into fine flour to obtain almost similar particle 

size with the purchased wheat flour. Finally, the flourswere stored at 4
o
C in airtight 

containers until use for further analysis. 

 
Formulations for product development 
Soybean flour was incorporated at inclusion level of 10% interval from 0 to 40% in the 

following ratios based on preliminary study:  
T1 = 100% Wheat flour + 0%soybean 

T2 = 90% Wheat flour + 10% Soybean flour 

T3 = 80% Wheat flour + 20% Soybean flour 

T4 = 70% Wheat flour + 30% Soybean flour 

T5= 60% Wheat flour + 40% Soybean flour 

T1…..T5 = Treatments 

Ingredients and formulations utilized under each treatment are presented in Table 1.  

 
                     Table1. Ingredients and formulations utilized for the treatments 
 

Ingredient T1 T2 T3 T4 T5 

Whole-wheat flour (g) 100 90 80 70 60 

Soy bean flour(g) 0 10 20 30 40 

Yeast(g) 2 2 2 2 2 

Water (g) 65 65 65 65 65 

Total dough in(g) 167 167 167 167 167 
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 Experimental Design  
 
The nutritional analysis of samples was done in duplicates and the sensory evaluation 

was undertaken in triplicates. Completely Randomized design (CRD) for nutritional 

data as well as for sensory scores experimental design was used.  

 
Flour functional properties 
The effect of compositing wheat and soybean flour on flour water absorption Capacity 

was determined with the method followed by Ayinadiset al. (2010).25 ml of distilled 

water was added to a sample of 3g composite flour (W1) in a weighed centrifuge tube 

(W2) and stirred six times for 1 min at 10 min intervals (Model D-72, Andreas 

Hettichs, Germany). The mixture was centrifuged at 3000 rpm for 25 min and the clear 

supernatant was decanted and discarded. Pellets were dried at 50
o
C for 25 min. The 

adhering drop of water was removed then reweighed (W3). The amount of water 

retained in the sample was recorded as weight gain and was taken as water absorbed. 

Water absorption capacity was expressed as the weight of water bound by 100 g dried 

flour. 

Water Absorption Capacity (g/g)  

Swelling power and solubility of flours were assessed following the methods of Schoch 

(1964). 

 

A known amount of sample (W1) was weighed in a centrifuge tube and weight 

recorded (W2). To this 20 ml, of distilled water was added (VE) and heated for 30 min 

in a water bath at 90°C with occasional stirring. The cooled content was centrifuged at 

5000 rpm for 10 min. The supernatant was carefully decanted in a Petri plate (W4), 

dried at 105°C and weighed (W5).The inner side of the centrifuge tube which was been 

free from supernatant was wiped andweighed (W3).  

Swelling power (g/g) =  

Solubility  

Dispensability can be defined as the percentage by mass of the dry matter of the 

sample that can be dispersed in water.Disperse ability was determined by the method 

of Kulkarni (1991) as cited by Edema (2005). Ten g of flour sample was weighed into 

a 100 ml-measuring cylinder. Distilled water was added up to 100 ml volume. The 

sample was vigorously stirred and allowed to settle for 3hr. The volume of settled 

particles was recorded and subtracted from 100 to give a difference that was taken as 

percentage dispersesability. 

 
Flour and bread proximate composition 
Flour and bread moisture, protein and ash were determined through oven drying, 

kjeldahl digestion and gravimetric methods respectively as described in AOAC method 

(AOAC, 1990). The crude fat content of the samples were also measured by AOAC 

(1990) method. 
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Bread making 
The bread type prepared from completely floured bread wheat, soy flour composite for 

the study was based on cultural Ethiopian bread type called ‘‘diffo’’, and the 

commonly known procedure was followed. The flow diagram showing the steps 

followed for dough preparation and bread baking is presented in Figure 1 below. 

 

Soya bean 

Sorting 

Washing 

Sun drying 

Roasting 

Milling to fine soya flour 

Sieving (2mm) to uniform wheat flour 

Mixing with ingredients (composite flour, water, yeast) 

Soya flour   Wheat whole flour 

Mixing 

Kneading 

Shaping 

Proving 

Baking 
 
Figure 1. Flow diagram of the bread backing process 

 
Sensory evaluation 
Twenty Semi trained panelists was given a hedonic scale questionnaire to evaluate the 

bread using a9 points scale (1- extremely dislike to nine - extremely like). Bread 

appearance, crust color, aroma, taste, texture and overall acceptability were evaluated 

on the same day the breads were prepared. During sensory evaluation, panelists were 

instructed to drink water or rinse their mouths to clear the palate after each evaluation. 

 
Statistical analysis 
 
The analysis of variance (ANOVA) wasperformed to examine the significance level of 

allparameters measured. Least significant difference (LSD) test was used for means 

comparison. The level of significancewas declared at<0.05 and SPSS version 20.0for 

Windows (SPSS Inc, Illinois, USA) was used for the analysis. 

 

Result and Discussion 

 
Flour functional properties  
The result of flour functional properties tested is depicted in Table 2. Water absorption 

capacity and solubility of the composite flours significantly (p<0.05) increased with 

increasing level soy flour addition level from 2.75g/g and 19.30% (100% whole wheat) 

to 2.94g/g and 26.04% (40% soy and 60% whole wheat). 
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On the contrary, disperseablity and swelling significantly (p<0.05) decreased with 

increasing level soy flour addition level from 75.5% and 2.61g/g (100% whole wheat) 

to 66.5%. 2.13g/g (40% soy and 60% whole-wheat).Water Absorption Capacity 

(WAC) represents the amount of water that can be absorbed per gram of composite 

flour sample showing the potential of the flour for making leavened products like 

bread. Swelling power and solubility index properties may influence the characteristics 

like baking volume.  
 
             Table 2: Functional properties of the composite flours  

 
Flour type Water absorption 

capacity(g/g) 
Disperseability (%) Swelling power(g/g) Solubility (%) 

100%whole wheat 2.75  ±0.01c 75.50 ±0.70a 2.61 ±0.05a 19.30 ±0.28e 

10% soy+90% whole 
wheat 

2. 84 ±0 .07bca 72.50 ± 0.70b 2.43 ± 0.03b 20.14 ±0.21d 

20% soy+80% whole 
wheat 

2.78 ± 0.01bc 70.75 ± 0.35cb 2.23 ± 0.01c 21.07 ±0.10c 

30 % soy+70% whole 
wheat 

2.88 ± 0.02ba 69.50 ±0 .70c 2.17 ± 0.03d 25.05 ±0.21b 

40%soy+60% whole 
wheat 

2.94  ± 0.03a 66.50 ±0 .22d 2.13 ± 0.03e 26.04 ±0.27 a 

               Figures followed by same letter (s) within a column are not significantly different at P>0.05. 

 
Flour and bread proximate composition 
The proximate compositions of the whole wheat, soy, and the composite flours are 

depicted in Table 3. As expected the protein, fiber, fat and ash contents of the 

composite flours significantly (p<0.05) increased with increasing soy flour 

incorporation level.  

 
         Table 3. Proximate composition of the whole wheat, soybean and composite flours 
 

Flour type Moisture (%) Protein (%) Fiber (%) Fat (%) Ash (%) 

Soybean 8.78 ± 0.5d 39.44 ± 0.10a 6.61 ± 0.12d 10.15±0.03 2.68 ±0.32a 

Whole wheat 8.78 ± 0.33d 11.38 ± 0.35d 4.10  ± 0.09f 4.50±0.05 0.98 ±0.09f 

90% W.wheat+10%soy 8.97 ± 0.22d 13.71 ± 0.22c 4.29 ± 0.35e 5.32 ±0.07 1.82 ±0.12e 

80%W. wheat+20%soy 9.77 ± 0.23c 15.50 ±0.16cb 6.94 ± 0.21d 5.70 ± 0.04 1.87±0.25d 

70%W.wheat+30%soy 10.94 ± 0.18b 16.12 ± 0.30c 8.26 ± 0.25b 6.56 ±0.02 1.91 ±0.44c 

60%W.wheat+40% soy 11.83 ± 0.26 a 19.68 ± 0.50b 10.98 ± 0.19 a 7.39 ± 0.06 2.2 ± 0.33b 

           Figures followed by same letter (s) within a column are not significantly different at P>0.05. 

 

The proximate composition of the breads varied significantly (p<0.05) in similar trend 

with the composite flour where the protein, fiber, fat and ash contents of the composite 

flours significantly (p<0.05) increased with increasing soy flour incorporation level 

(Table 4). This indicates that blending with soy flour led to significant enhancement of 

both bread the nutritional quality and health benefit.The trend obtained in this study 

agrees with the report by Islam et al (2007) and Ndife et al., (2011). 
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Table 4: Proximate composition of the breads  

 

Treatment Protein (%) Fiber (%) Fat (%) Ash (%) Moisture (%) 

T1 (Control) 9.99 ± 0.33 3.49 ± 0.09 4.00 ± 0.08 1.00 ± 0.10e 26.20 ± 0.22f 

T2 10.87 ± 0.25 4.22 ± 0.18 4.55 ± 0.03 1.81± 0.30d 29.15 ± 0.18d 

T3 11.85 ± 0.31 4.84 ± 0.11 4.81 ± 0.05 2.10 ± 0.21c 32 .60 ± 0.13c 

T4 12.69 ± 0.24 5.79 ± 0.19 5.95 ± 0.07 2.40 ± 0.33b 34.55 ± 0.11b 

T5 13.74 ± 0.20 6.45± 0.13 6.63 ± 0.02 2.53± 0.25 a 36.35 ±0.22 a 

         Figures followed by same letter (s) within a column are not significantly different at P>0.05. 

Sensory evaluation  
Results of sensory evaluation of bread sample are shownbelow in Table 5. As 

compared to the control (100% whole wheat) significant (p<0.05) difference in the 

sensorial score of the breads started to appear when the soy flour incorporation reaches 

20% (Treatment 3) and goes beyond. The darker color of the crumbs of whole wheat 

bread and fortified breads and biscuits have been reported by several authors (Singh et 

al., 2000; Akhtar et al., 2008; Serrem et al., 2011). The brownish bread appearance 

could be directly related to the increase in fiber content. Moreover browning of the 

breads could also occur due to caramelization and maillard reactions, as the protein 

contributed by soybean flour must have reacted with sugar during the baking process 

(Dhingra and Jood, 2001; Mohsen et al., 2009).  

 

The scores for texture (softness and chewiness) of the composite bread samples, 

increased with increase in soybean flour substitution, when compared to whole wheat 

bread (control). The incorporation of soybean flour into whole-wheat bread resulted in 

poor flavor scores especially at higher incorporation level (≥20%). Like earlier report 

by Serrem et al. (2011) most of the panelist complained of beany flavor and aroma 

from the composite breads with soy-flour incorporation level. Treatment 5 (with 40% 

soy-flour incorporation) led to the lowest value of consumers’ preferences. In 

soybeans, enzymatic break down by lipoxygenases or autoxidation of linoleic and 

linolenic acid produces hydro peroxides such as ketones, aldehydes and alcohols that 

may be responsible for the beany-flavour which discourages soy consumption (Mannay 

and Shadaksharaswany, 2005; Awadelkareem et al., 2008; Serrem et al., 2011). The 

sensory evaluation also revealed that bread with soy-flour substitution of 10% 

(Treatment 2) had almost equivalent sensorial score and overall acceptability with the 

bread made from 100% whole wheat flour (check). 
                    
                        Table 5: soybean blended with bread wheat of sensory evaluation 
 

Treatment Color Aroma Taste Texture Overall 
acceptability 

T1 (control) 8.00±1.03a 7.63±0.89a 7.56±1.15a 7.31±1.54a 7.63±1.15a 

T2 7.50±1.41a 6.94±1.65a 7.00±1.4b 6.50±1.79a 6.82±1.43a 

T3 6.68±2.06b 5.68±1.50c 5.81±1.17c 5.88±1.40c 6.34±1.40b 

T4 6.20±2.10c 6.06±2.08b 5.81±1.90c 6.00±1.86b 6.31±1.85cb 

T5 5.50±1.90a 5.50±2.09d 5.69±2.12c 5.44±1.82d 5.50±1.67d 

                       Figures followed by same letter (s) within a column are not significantly different at P>0.05. 
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Conclusion 
 
From the present study, it is concluded that incorporating 10% soy flour to whole-

wheat flour could be done without significantly affecting the sensorial quality of the 

bread. Compared to the bread made from 100% whole wheat flour (the check), 10% 

soya bean flour incorporated bread had 8.8%, 20.9%, 13.75% and 81% higher crude 

protein, crude fiber, fat and ash contents, respectively. However, further research work 

is required to determine the shelf stability of the enriched breads.  

 
References 
 
Akhtar S, F Anjum, S Rehman, M Sheikh, and K Farzena.2008. Effect ofFortification on the 

physico-chemical and microbiological stability of Whole wheat flour. Food Chem., 

112:156-163. 

AOAC.1990. Official Methods of analysis.Association ofOfficial Analytical Chemists. 

Washington, DC. 

Bakke A and Z Vickers.2007. Consumer liking of refined and whole wheatbreads.J. Food Sci.   

72:  S473-S480. 

Dewettinck K, F Van Bockstaele, B Kuhne, Van de Walle, T Courtens, and X Gellynck. 2008. 

Nutritional value of bread: Influence of processing,food interaction and consumer 

perception. Rev. J. Cereal Sci., 48:243-257. 

Dhingra S and S Jood. 2001. Organoleptic and nutritional evaluation ofWheat breads 

supplemented with soybean and barley flour. FoodChemistry, 77: 479-488. 

FAO⁄WHO⁄UNU Expert Consultation.1994. Food Nutrient Requirements, Report of a Joint 

FAO⁄WHO⁄UNU Expert Consultation. 

Gomez M, F Ronda, Blanco, P Caballero, and A Apesteguía. 2003. Effectof dietary fibre on 

dough rheology and bread quality. Eur. Food Res.Technol.,216: 51-56. 

Islam T, A Chowdhury, M Islam, and S Islam. 2007. Standardization ofBread Preparation from 

Soy  Flour. Int. J. Sustain. Crop Prod., 2(6):15-20. 

Maneju H, CE Udobi, and J Ndife. 2011. Effect of added brewers dry grainon the physico-

chemical, microbial and sensory quality of wheatbread. Am. J. Food Nutr, 1(1): 39-43. 

Ndife J and E Abbo. 2009. Functional Foods: Prospects and Challenges inNigeria. Journal of . 

Science and Technology 1(5): 1-6. 

Ndife J, LO Abdulraheem, and UM Zakari. 2011.Evaluation of the nutritional and sensory 

quality of functional breads produced from whole wheat and soya bean flour  blends. 

African Journal of Food Science Vol. 5(8), pp. 466 - 472, 

Slavin JL. 2005. Dietary fiber and body weight.Nutrition 21: 411-418. 

Young J. (2001). Functional bakery products: current and future directions 

Bansal R and K  Kapoor. 2015. Physiochemical Analysis of Bread Fortified with different 

Levels of Soya flour Blends. Int.J. Pure App. Biosci,3(3), pp.52-64.Opportunities.Food Ind. 

J.,4:136-144. 

Udofia PG, PJ Udoudo, and NO  Eyen. 2013. Sensory evaluation of wheat-cassava-soybean 

composite flour (WCS) bread by the mixture experiment design.African Journal of Food 

Science, 7(10), pp.368-374. 

Nwosu, N Justina. CI Owuamanam, GC Omeire, and CC Eke. 2014. Quality parameters of 

bread produced from substitution of wheat flour with cassava flour using soybean as an 

improver.  American Journal of Research Communication, 2(3): 99-118. 

 



52 

 

 



53 

 

Enhancement of Nutritional Value of Kocho Using 
Fish Protein Powder 

 

Bezuayehu Gutema, Fikadu Hailemichael 

Ethiopian Institute of Agricultural Research, National Fishery and Aquatic Life Research 

Center, P.O.Box: 64, Sebeta, Ethiopia, Email: fishaqua@ethionet.et 

 
    Abstract 
 

This work was aimed to improve the nutritional value of a traditional flat bread from 

Kocho through incorporation of fish protein powder (FPP) made from small Barbus. 

Four types of Kocho bread were prepared with inclusion of 0, 5, 10 and 15% FPP in 

Kocho flour and standard methods were used to evaluate the nutritional and sensorial 

quality of the resulting flat bread. From the results obtained in this study,  it was 

concluded that up to 5% FPP can be incorporated in Kocho to obtain nutritionally 

enhanced Kocho flat bread without significant change in the sensorial attributes. At 5% 

FPP incorporation level, protein, lipid and ash content of the breads could be enhanced 

by 95%, 21% and 95%, respectively. However, further research should be carried out 

to understand the nutritional benefit to be obtained and on the shelf life of the breads. 

Study on the potential use of FPP from different species should also be explored. 

 

Introduction 
 
Ensetventricosum is the edible species of the separate genus of the banana family, thus 

named ‘false banana’. Variation within the species to altitude, soil and climate has 

allowed widespread cultivation in the mid- to highlands of western Arsi-Bale, the 

Southern Peoples Nations Nationalities Regional State (SPNNRS), and western 

Oromia including West Shewa, Jima, Ilubabor and Welega. Three Enset derived foods 

are popular but the most common one is Kocho. The plant is cut before flowering, the 

pseudo stem and leaf midribs are scraped, the pulp is fermented for 10-15 days and 

finally steam-baked flatbread is prepared. 

 

Enset is a simple basic starch crop, quite low in protein, not very adaptable to varying 

food dishes but very high in productivity. As many as 15 million people consume the 

low-protein Enset products as staple or co-staple foods. Sometimes solely with Vitamin 

A foods but commonly without the needed protein supplement (Harrison J. et al., 

2014). 

The implications of heavy dependence on these "poor nutrition" crops may have 

serious implications on the physical and mental health of the people of the "Enset 

Culture" (Grantham-McGregor, S. 1995).Therefore, the need for investigating ways of 

increasing the protein content of Ensetbased foodneeds empirical investigation. 
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FPP, extracted from Small Barbus, is one of the most vital sources of animal protein 

and it has been widely accepted as a source of quality protein and other nutrients for 

the maintenance of healthy body (Ravichandran et al., 2012). They are rich in essential 

amino acids, are a good source of complex B vitamins, and contain a wide variety of 

minerals including phosphorus, magnesium, iron, zinc, and even iodine in marine fish 

(Arino et al., 2013). 

 

Nutritional value studies have shown the remarkable beneficial effect of adding FPP to 

the diet. Twelve grams, less than 15 ml, of FPP a day will supply the needed protein to 

a child; a small FPP plant processing 50 tons of raw fish a day could provide enough 

FPP for three quarters of a million children (Windsor, 2001). However, in some areas 

of the world where large sections of the population suffer from malnutrition, it may 

still be more logical to develop orthodox fish industries to meet shortage of protein, 

and to confine FPP to emergency use. The FPP is a valuable protein supplement to 

improve the protein quality and quantity of indigenous diets, particularly the diets of 

pre-school children and other vulnerable groups. It is used to help increase the weight 

and height of children (Frokjaer1994; Owusu-Amoako2001; Sen (2005). Therefore, 

this research was aimed to investigate the suitability of incorporating FPP made from 

small Barbusin kochoto enhance nutritional value of kocho. 

 
Materials and Methods 
 
Material preparation 
Seventy-two live Small Barbusspecies (BarbusPaludinosus) with mean 10.8g weight 

and 10.0cm length (Figure 1a) were collected from Lake Ziwayand transported to 

NFALRC laboratory. Then, the fish were gutted, washed thoroughly and stored in deep 

freezer until extraction of FPP.Kocho was purchased from open market in Sebeta town 

and was stored in a laboratory until use. 

 
Extraction of FPP 
FPP was extracted according to Sikorski and Naczk (1981) (Figures 1b and 1c). The 

whole fish was ground and then the protein was extracted using isopropanol. After 

grinding, the supernatant was collected and extracted three times. The first extraction 

was carried out at 25°C for 50 min in isopropanol. The second extraction was carried 

out at 85°C for 90 min with isopropanol. The third extraction was carried out at 80°C 

for 70 min with azeotropicisopropanol. Then the final supernatantfraction was 

collected, dried, milled and screened to separate out bone particles.  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4325028/#CR16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4325028/#CR50
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SmallBarbusspecies fish FPP Extraction process FPP 

 
  Figure 1. The small Barbusspecies and FPP extraction process 
 

Preparation of Kocho (flat bread) 
The Kocho (flat bread) was prepared following the traditional preparation technique 

described inYirmaga (2013). Kocho flour was replaced by FPP flour at 0%, 5%, 10% 

and 15% and the blending was conducted efficiently to ensure uniform distribution of 

FPP flour in all the treatments (Figure 2). Then the baking process was carried out 

following the traditional Kochobacking process in a uniformly heated stove. 

 

  

Figure 2 Blended FPP and Kocho flours and dough formed for baking flat bread 

Determination of proximate composition 
Proximate composition analysis for homogenized samples wascarried out in triplicate 

for protein, moisture, lipid and ash contents.Moisture content of the sample was 

measured using oven drying method as described in AOAC (2000). According to 

AOAC (2005), Crude protein was determined by the Kjeldahl method and to obtain the 

crude protein content the result was multiplied with the conversion factor 6.25.  

 

Fat content was determined after extracting the total lipid by diethyl ether solvent 

system as stated in Folch et al., 1957. 5 g of the sample was weighed extracted into a 

250-ml round-bottom flask with 50 ml diethyl ether for about four hours at 110°C in 

the soxhlet extractor. Then after, the organic solvent was removed at 40-60°C under 

reduced pressure using a rotary evaporator. Finally, the weight of fat was calculated 

by:  
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Ash content was determined through after ashing the samples in a muffle furnace at 

550 °C for one hour as described in AOAC (2000). 

 
Sensory evaluation 
The four formulated Kochowere evaluated for their sensory acceptability (color, flavor, 

taste, texture and overall acceptability) using five point hedonic scale where 1=dislike 

extremely, 2= dislike moderately, 3= neither like nor dislike, 4= like moderately, 5= 

like extremely. Twenty untrained panelists were used for the evaluation. 
 
Determination of functional properties and quality criteria 
  
Water / Oil absorption capacity  
One gram of sample was weighed into a clean conical graduated centrifuge tube and 

was mixed thoroughly with 10 ml distilled water/oil using a warring mixer for 30 

seconds. The sample was then allowed to stand for 30 minutes at room temperature, 

after which it was centrifuged at 5000 rpm for 30 minutes. After centrifugation, the 

volume of the free water (supernatant) or oil was read directly from the graduated 

centrifuge tube. The absorbed water was converted to weight (in grams) by multiplying 

by the density of oil (0.894 g/ml) and water (1 g/ml). The oil and water absorption 

capacities were expressed in grams of oil/water absorbed per gram of flour sample 

Carcea and Benecini (1986).  

 

 
 
Bulk density  
The gravimetric method was used. A weighed sample (10 g) was put in a calibrated 10 

ml measuring cylinder. Then the bottom of the cylinder was tapped repeatedly onto a 

firm pad on a laboratory bench until a constant volume was observed. The packed 

volume was recorded. The bulk density was calculated as the ratio of the sample 

weight to the volume occupied by the sample after tapping Onwuka (2005).  

 

 
 

Swelling index  
This was determined as the ratio of the swollen volume to the ordinary volume of a 

unit weight of the flour. The method followed by Abbey and Ibeh (1988) was used. 

One gram of the sample was weighed into a clean dry measuring cylinder. The volume 

occupied by the sample was recorded before 5ml of distilled water was added to the 

sample. This was left to stand undisturbed for an hour, after which the volume was 

observed and recorded again. The index of swelling ability of the sample was given by 

the formula below 
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Determination of total volatile basic-nitrogen (TVB-N) 
Fish extracts for determination of Total Volatile Bases Nitrogen (TVB-N) was 

prepared by homogenizing 100 g of fish sample with 200ml ml of 7.5% (w/v) aqueous 

Trichloroacetic Acid (TCA) solution in a laboratory homogenizer for 1 min at high 

speed. The homogenate was centrifuged at 3000 rpm for 5 min and the supernatant 

liquid will be then filtered through what man No. 1 filter paper. Then, TVB-N was 

measuredby steam-distillation of the TCA-fish extract using the method of Malle and 

Tao (1987). Then, 25ml of the filtrate was added to a Kjeldahl-type distillation tube, 

followed by 5 ml of 10% (w/v) aqueous NaOH solution. Then steam-distillation was 

performed using a vertical steam distillation unit and the distillate was received into a 

beaker containing 15 ml of 4% (w/v) aqueous boric acid and 0.04 ml of methyl red and 

bromocresol green indicator solution up to a final volume of 50 ml. The titration was 

allowed to run against aqueous 0.05 M sulfuric acid solution. 

 

TVB-N mg/100g =  

Where; A = ml of sulphuric acid and B = normality of sulphuric acid. 

 
Water activity (aw) 
Water activity was measured by portable water activity meter. The sensor head was 

calibrated for 3 hours by putting special paper on sample cup and moistened with the 

saturated barium chloride solution. After11/2 hours calibration, it was adjusted to 0.90. 

Then the sample was put for 3 hours in a disposable cup, completely covering the 

bottom of the cup. After 3 hours, the result was recorded (Bassal et al., 1992) 

 

Statistical analysis 
 
Statistical data wasanalyzed using one-way analysis of variance (ANOVA) and the 

significant differences between means weredetermined by post hoc Duncan’s multiple 

range test. Differences were considered to be significant when p < 0.05.  

 

Results and Discussion 
 
As Table 1 illustrates Kocho had highmoisture content (51.52%) because it is a pest 

(dough), while the moisture content of the FPPwas 3.07 %.  The protein content of the 

FPPwas 72.38% and that of Kocho was 1.97%. On the other hand, FPP had higher ash 

value (24.37% ) than Kocho (0.87%) while the lipid content of Kocho and FPP was 

1.59% and 1.9%, respectively. As expected the protein content of Kochowas too low 

and fortification with FPP may enhance the flat bread.The protein content of FPP in 

this study was comparable to other fish species (Shaviklo, 2015). Yimerga (2013) 

found a higher protein content of Kocho than the present study. This might be due to 

the use of different varieties of Enset in the two studies. 
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                                                 Table 1. Proximate composition of Kocho and FPP (%) 
  
 

 

 

 

The values of functional properties and quality criteria of FPP are depicted in Table 2 

and all of them were within acceptable range of FAO. 
 
                                                                Table 2: Functional properties and quality criteria of  FPP 
 

Parameter Values 

Water holding 
capacity(ml/gm) 

3.34 

Oil holding capacity (ml/gm) 1.43 

Bulk density (gm/ml) 0.54 

Swelling index 1.56 

TVB-N (mg/100gm) 19.5 

Water Activity (aw) 0.55 

Extract yield (%) 18.7 

 

Effect of FPP inclusion on Kocho based flat bread proximate composition is depicted 

in Table 3. Except at the 15% FPP incorporation, the moisture content of the flat bread 

did not much vary with the bread from 100 % Kocho (check). As anticipated the 

protein, lipid and ash contents of the flat  breads apparently increased with inclusion 

FPP and the three parameters showed linearly increasing trend with increasing FPP 

incorporation level.  Similar findings showed that a 3 % inclusion of FPP in wheat 

flour increased its protein content from 10.4% to 12.4% (Venugopal, 2006). Compared 

to the bread from 100% Kocho, inclusion of 5% FPP increased the protein, lipid and 

ash content of the resulting breads by 95%, 21% and 95%, respectively. This may 

indicate that, a small amount of FPP supplement could enhance the nutritional value of 

Kocho and showed the potential for addressing malnutrition. 

 
                       Table 3: Proximate composition of the composite flat breads 
 

Treatment Moisture (%) Protein (%) Lipid (%) Ash (%) 

100% kocho (Check) 62.97±0.04 3.22 ±  1.31 1.04±  0.47 0.75 ± 0.09 

5% Substitution 62.90±0.50 6.28 ± 0.81 1.26 ± 1.10 1.46± 0.09 

10% Substitution 62.90± 0.07 8.83 ± 0.62 1.32 ± 0.76 2.05 ± 0.49 

15% Substitution 59.20 ± 0.66 9.356 ± 0.71 1.42 ± 0.60 2.55 ± 0.08 

 

Results of the sensorial analysis done on the breads are showed in Table 4 and Figure 

1.  
 
               

Parameter Kocho FPP 

Moisture content 51.52 ± 0.24 3.071 ±0.06 

Crude ash 0.868 ± 0.18 24.375 ± 0.14 

Crude protein 1.968 ± 0.74 72.38 ± 0.85 

Crude Lipid 1.59 ± 0.09 1.9 ± 0.14 
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 Table 4: Sensory analysis of treatments 
 

Treatment Color Texture Flavor Taste Overall acceptability 

100% kocho 
(Check) 

3.50±1.35 3.48±1.19 3.74±1.17 3.10±0.69 3.76±1.08 

5% Substitution 3.45±1.06 3.19±1.09 3.36±1.27 3.05±0.49 3.71±0.84 

10% Substitution 2.90±1.19 2.98±1.20 2.93±1.18 2.90±0.73 3.14±1.07 

15% Substitution 2.57±0.97 2.67±1.00 2.52±0.97 2.14±0.75 2.79±0.95 

 

The 15% inclusion were found to be within acceptable level. Inclusion of 5% FPP gave 

flat bread with apparently closer sensorial quality to 100% Kocho flat bread than 

higher doses of FBB. Color, taste and overall acceptability of the 5% FPP incorporated 

flat breads were closer to the check. However, with increasing FPP levels (to 10% and 

15%) the sensorial acceptability of the breads tended to decrease visibly.Similarly 5 % 

inclusion of FPP was the best level of fortification of biscuits in Nigeria (Ibrahim, 

2009). 
            
 

Conclusion and Recommendation 
     
Although no previous research proved the use of FPP in enhancing the nutritional 

value of Kocho, this activity managed to evaluate the potential of FPP for such 

purpose. From the results obtained in this study, it was concluded that acceptable FPP 

incorporated Kocho flat bread could be made at 5% FPP inclusion. At this 

incorporation level, protein, lipid and ash content of the breads could be enhanced by 

95%, 21% and 95%, respectively. However, further research should be carried out to 

understand the nutritional benefit to be obtained and on the shelf life of the breads. 

Study on the potential use of FPP from different species should also be explored. 
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     Abstract 
 

The climate in most parts of Ethiopia is hot and humid; leading dairy products to spoil 

easily during storage unless cooled or treated with preservatives. Moreover, 

commercial preservatives are not readily available in rural areas of the country and 

cooling systems are not feasible due to lack of infrastructure. This study was, therefore 

conducted to assess traditional butter preservation methods in Ethiopia and compare 

their efficiency using microbial and organoleptic properties. Fresh butter samples were 

allocated to each preservation method, including traditional ghee, untreated, salted, 

spiced, melted, frozen (-20°C) and refrigerated butter (4°C). Microbial and organoleptic 

qualities of the samples were analyzed at one-month interval for three consecutive 

months. Microbial qualities of the preserved butter samples were substandard; but 

traditional ghee and salting were more efficient. Optimization of the utilization of spices 

as preservatives and comprehensive evaluation including oxidative deterioration 

appears to be very vital. 

 

Introduction 
 
Like most sub Saharan Africa countries, Ethiopia is unable to meet the increasing 

demand for dairy products for its increasing population (Azage et al., 2000; Tsehay, 

2001). Smallholder farmers and pastoralists produce and supply 98% of the total 

annual milk production (Yonad, 2009). The majority of milk produced in rural areas of 

Ethiopia is processed into milk products at household level using traditional 

technologies (Muriuki and Thorpe, 2001). In rural areas, 40% of milk produced is 

spontaneously fermented for three to four days without addition of specific starter 

culture and is churned to make butter, buttermilk and whey as a byproduct. Rural 

producers are forced to produce butter due to limited market outlet, shorter shelf life of 

milk, lower price for whole milk, ease of handling of butter and for product 

diversification (Ayantu, 2006; Kassahun, 2008). Traditional butter ferments slowly at 

ambient temperature, offering rural consumers a relatively shelf stable dairy product 

(LMP, 2007). According to Getachew (2003), of the total butter production, 80% is 

used as food ingredient and the remaining is used for hairdressing and other purposes. 

The same study revealed that 70% of butter produced in the country is used in rural 

areas; while 30% is channeled to the Addis Ababa market. Therefore, butter 

mailto:alguto1999@gmail.com.
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contributes much to the dietary requirements of the society, saves milk from spoilage, 

and diversifies its uses (FAO, 1990).  

 

The climate in Ethiopia is hot and humid; leading dairy products to spoil easily during 

storage unless cooled or treated with preservatives. Moreover, commercial 

preservatives are not readily available in rural areas. Cooling systems are also not 

feasible because of lack of infrastructure (O
’
Mahoney and Peters ,  1  987) .  In 

rural areas of Ethiopia, producers use different traditional preservation methods to 

increase shelf life of butter (Lemma, 2004; Mekdes, 2008). The local preservatives are 

used as a principle of acidification and moisture reduction, and this could make butter 

of good storage stability (O
'
Mahony and Peters, 1987). However, traditional butter 

preservation techniques and their efficiency in these areas are not studied. Therefore, 

the present study was initiated to evaluate traditional butter preservation techniques 

and compare their efficiency using microbial and organoleptic properties. 

 

Materials and Methods 
 
Sample collection and preparation 
Seven kilograms of butter was bought from open markets and kept in an icebox 

and transported to Holetta dairy laboratory within 4 hrs after collection. The 

samples were thoroughly mixed to form composite sample, which was divided into 

seven equal parts each, with one kilogram of butter. The samples were then 

randomly allocated to seven treatments, namely traditional ghee, spiced, salted, 

melted, untreated, frozen (-20°C) and butter stored at 4°C. The samples were 

tested for their microbial and organoleptic qualities after 0, 1, 2 and 3 months of 

preservation.  

 

Preparation of treatments 

  
Traditional ghee/‘Nitir Kibe’:  One-kilogram butter was placed in a 

saucepan and melted over a slow heating stove. White cumin, fenugreek, 

korerima, ginger, garlic, turmeric, black cumin and other herbs of desirable 

aroma, such as rue (Ruta graucolence), basil (Ocimum spp .)  and  
‘
Kussayyee’(Ocimum hardiense) were added to the boiling butter fat following 

the commonly used local method in Ethiopia. The melting butterfat and spices were 

stirred while boiling until foaming had stopped. Finally, the saucepan was removed 

from the stove and left aside until it was settled. The butterfat was filtered through 

metal sieve into high-density polyethylene bucket and kept at room temperature.   

 

Spiced butter: One kilogram of butter was removed from composite butter sample 

and thoroughly mixed with about 45 g of fenugreek and black cumin powders, 

respectively. Spiced butter sample was placed in high-density polyethylene bucket and 

kept at room temperature. 

 

Salted butter: One-kilogram butter was thoroughly mixed with 30 g of NaCl and 

kept in high-density polyethylene bucket and was placed at room temperature.  
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Melted butter/‘Nigur kibe’: To make melted butter, one kilogram of butter was 

placed in sauce pan and kept on a slow heating stove and stirred until the butter was 

completely melted. The melted butter was removed from the heating stove, kept in cool 

place to settle down and left there for overnight until it was completely solidified and 

impurities that were settled at the bottom of the saucepan were decanted off by opening 

the solidified butter in the saucepan from one side. Then, the sample was placed in 

high-density polyethylene bucket and kept at room temperature.   

 
Untreated butter: One kilogram of fresh butter sample was kept in high-density 

polyethylene bucket and was placed at room temperature.  

  

Frozen butter: One kilogram of butter sample was kept in high-density polyethylene 

bucket and placed in deep freeze at -20°C.   
 
Refrigerated butter: One kilogram of composite butter sample was kept in high-

density polyethylene bucket and placed in refrigerator at 4°C. Required amount of 

sample was taken from each treatment for evaluation of microbial load (aerobic 

mesophilic bacteria, total coliforms, total lactic acid bacteria, Enterobacteriaceae, yeast 

and mold counts), color, texture, odor and overall acceptability of the butter after 0, 1, 

2 and 3 months of preservation. The analysis of each treatment was performed in 

duplicates. 

 
Microbial analysis 
 
Aerobic mesophilic bacterial count:  The butter samples were homogenized 

and aseptically transferred to stomacher bag and held for melting on a water bath 

adjusted at 46
°
C. Then, the samples were immediately serially diluted by adding 

1 ml of butter into 9 ml of peptone water. One milliliter of the sample from a 

chosen dilution was placed on the Petri dish using pour-plating technique. Then, 

plate agar media of 15 to 20 ml was poured onto the Petri-dish and thoroughly 

mixed with the sample and allowed to solidify for 15 min and incubated for 48±2 

hrs at 35°C. Finally, the colonies were manually counted. The plate counts were 

calculated by multiplying the count on the dish by 10
n
, in which n stands for the 

number of consecutive dilutions of the original sample (FAO, 1997; Michael and 

Joseph, 2004; FSSAI, 2012). 

 

Total coli forms count: Samples were decimally diluted and plated with violet 

red bile agar media (VRBA) into Petri dishes for enumeration of total coliforms 

bacteria by means of colony forming units of coliforms per milliliter. Plates were 

incubated at 32±1°C for 24±2 hrs. One milliliter of melted sample was serially 

diluted using peptone water and transferred into sterile Petri-dishes. Ten to 

fifteen ml of violet red bile agar media tempered to a temperature of 44 to 46°C 

was added to the milk sample and thoroughly mixed and allowed to solidify for 5 

to 10 min. The mixture was then overlaid with the same plating agar media of 3 to 

4 ml to inhibit surface colony formation. The medium were allowed to solidify. 



64 

 

The plates were inverted and incubated at 32 ±1°C for 24±2 hrs. Counts were 

made manually. Finally, the plate counts were calculated as N, the number of 

colony forming units of coliforms per milliliter of milk sample using the formula 

N=Σc/(n1+n2)d, where Σ c= Sum of all colonies on all plates counted according to the 

standard procedures of FAO (1997), Michael and Jospeh (2004) and FSSAI (2012). 

 
Lactic acid bacteria counts: 0.1 ml of appropriate decimal dilutions of butter 

sample was poured on petri dishes in duplicates and mixed with MRS agar media. 

Then, after incubating the plates anaerobically at 30°C for 48 hrs, lactic acid 

bacteria were counted (FAO, 1997; Michael and Joseph, 2004; FSSAI, 2012). 

 
Yeast and mold counts: Potato dextrose agar (PDA) media was autoclaved 

for 15 min at 121°C and tempered in water bath adjusted at 45°C. Appropriate 

decimal dilutions of butter sample (0.1 ml) were poured into a 15 x 90 ml Petri 

dishes and mixed with 20 ml of PDA containing an  antibiotic; chloramphenicol 

solution. Then, after incubation at 25°C for 5 days, yeast and mould were counted 

for plates containing 10 to 150 colonies (FAO, 1997; Michael, 2004; FSSAI, 

2012). 

 
Enterobacteriaceae count: One milliliter of homogenized melted butter 

sample was added into 9 ml peptone water to yield a dilution of 1:10 cfu/ml. Violet 

red bile glucose agar (VRBGA) medium was used to enumerate 

Entrobacteriaceae. The mixture was then overlaid with the same plating agar 

media of 3 to 4 ml. Plates were aerobically incubated for 24 hrs at 37°C and 

inspected for purple-red colonies surrounded by a purplish circle of light or halo 

color. The plate counts were calculated by multiplying the count on the dishes by 

10
n
, where n stands for the number of consecutive dilutions of the original sample 

(ILSI, 2011, FSSAI, 2012). 

 
Organoleptic quality of butter 
Organoleptic quality parameters were evaluated by 10 semi-trained sensory 

panelists using 5 point hedonic rating scale, where 1 = dislike very much, 2 = 

dislike, 3 = neither like nor dislike, 4 = like and 5 = like very much. The sensory 

attributes used to evaluate butter samples were odor, texture, color and overall 

acceptability.  

  
Data analysis 
 
Organoleptic quality data were analyzed using descriptive statistics using SPSS 

(2011). Microbiological counts were transformed to log10 cfu/g and analysed 

using the General Linear Model of SAS version 9.1 (SAS, 2009). Least 

significant difference (LSD) was used to test the differences between treatment 

means and time of preservation. 
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Results and Discussion 
 
Microbial properties of preserved butter samples 

 
Aerobic mesophilic bacterial count 
The mean total bacterial count (log cfu/g) for the treatments and preservation time is 

presented in Table 1. The aerobic mesophilic bacterial counts of butter preserved using 

traditional ghee, salt and spices for 0, 1, 2 and 3 months of preservation did not show 

significant differences (P > 0.05). While aerobic mesophilic bacterial counts at 0, 1, 2 

and 3 months of preservation showed significant (P<0.05) differences for melted, 

untreated, frozen and butter stored in refrigerator at 4°C. Nevertheless, mean values of 

total aerobic mesophilic bacterial counts for traditional ghee, salting, spicing, melted, 

untreated, frozen and refrigerated butter (4
0
C) showed significant difference (P<0.05). At 

initial time of preservation, greater counts of aerobic mesophilic bacterial were observed 

for salted (9.58 log cfu/g) and melted butter (9.65 log cfu/g), which were significantly 

different (P<0.05) from the other treatments. This might be due to the poor hygiene of 

the salt used in preserving the butter. On the other hand, the increase in the aerobic 

mesophilic bacterial count in melted butter might probably be attributed to post melting 

contamination. At initial preservation period, the mean aerobic mesophilic bacterial 

count in untreated butter wos 8.71 log cfu/g of butter sample. The current result was far 

beyond the maximum tolerable limit of 6 log cfu/g of aerobic mesophilic bacteria count 

set by Standards Authority of Ethiopia (QSAE, 2009), but it was similar to a report from 

Wolayita area in Southern Ethiopia, indicating total bacterial count of 8.10 log cfu/g 

of butter sample (Mekdes, 2008).  

 

Aerobic mesophilic bacterial count of 9.37 log cfu/g was observed after one month of 

preservation and this was significantly different (P<0.05) from the other treatments. 

This might be due to the antagonistic effects of active ingredients of spices, heat 

treatments and low temperatures that inhibited bacterial growths. Similar study by 

Kilcast and Subramaniam (2000) confirmed that shelf life of products can be 

extended by the use of processing treatments, such as heat and radiation, which kill 

the microorganisms or control microbial growth by chilling, freezing, reducing the 

water content and addition of preservatives. 

 

Lactic acid bacterial count  
The mean total lactic acid bacteria counts (log cfu/g) of the treatments with duration 

are presented in Table 2. There were significant differences (P < 0.05) between 

traditional ghee, salted, spiced and melted butter at 0, 1, 2 and 3 months of 

preservation for total lactic acid bacterial counts. While the total lactic acid bacterial 

counts of butter preserved using untreated, frozen (-20°C) and refrigerated (4°C) 

butter showed no significant difference among the means of 0, 1, 2 and 3 months of 

preservation. Total lactic acid bacterial counts at 0 and 1 month of preservation 

showed no significant difference for traditional ghee, salted, spiced, melted, 

untreated, frozen and refrigerated (4°C) butter samples. While, the total lactic acid 

bacterial counts at the end of the second month of preservation did not show 

significant (P<0.05) difference among traditional ghee, salted, spiced, melted and 
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refrigerated butter (4°C) , except for untreated and frozen butter (-20°C). Similarly, at 

the end of the third month of preservation, the mean total lactic acid bacterial counts 

for traditional ghee, salted, spiced, melted and refrigerated butter samples did not show 

significant difference,  except for untreated and frozen butter, which did not 

significantly (P > 0.05) differ from each other. 

 

The mean total lactic acid bacterial counts for the treatments at initial time of 

preservation ranged from 6.55 to 6.80 log cfu/g. This could be due to prior 

fermentation of composite samples as local butter is usually made of spontaneously 

fermented whole milk. At initial time of preservation, the mean lactic acid bacterial 

count for traditional ghee was 6.06-log cfu/g and significantly differed from other 

treatments; except for salted butter, which was 6.09-log cfu/g of butter sample. These 

results were also similar with the finding of Mekdes (2008) who reported mean lactic 

acid bacterial count of 7.51 log cfu/g for butter sample collected from Wolayita area in 

Southern region. Mean lactic acid bacterial counts for spiced, melted butter and 

traditional ghee were relatively lower and significantly differed (P<0.05) from other 

treatments for the second to third months of preservation time. This might be due to 

heat treatment and antimicrobial effects of spices used in melted butter, traditional 

ghee and spiced butter, respectively. 
 

Table 1. Total aerobic mesophilic bacterial counts (log cfu/g) for butter samples preserved in different   
               methods. 

 

Preservation 
method 

Preservation duration in months 

0 1 2 3 

Traditional ghee 9.48±0.08aB 9.62±0.03aA 9.64±0.04aA 9.73±0.06aA 

Salted butter 9.39±0.09aB 9.37±0.06aB 9.66±0.06aA 9.78±0.03aA 

Spiced butter 9.58±0.05aB 9.62±0.04aB 9.84±0.04aA 9.89±0.06aA 

Melted butter 9.65±.02aB 9.72±0.05aB 9.23±0.06bC 9.93±0.03aA 

Untreated butter 8.71 ±.03bC 9.61±0.03ab 9.68±0.04aB 9.98±0.04aA 

Frozen butter 8.71 ±.02bC 9.59±0.09aB 9.61 ±.04aB 9.24±.04bC 

Refrigerated butter 8.71 ±0.02bC 9.59±0.09aB 9.63±0.05aB 9.97±0.03aA 

Means followed by similar lower case letters in a raw are not significantly different (P > 0.05) 

Means followed by similar upper case letters in a column are not significantly different 

(P<0.05).  

 
                             Table 2. Total lactic acid bacteria counts (log cfu/g) of preserved butter samples  
 

Preservation 
method 

Preservation time in months 

0 1 2 3 

Traditional ghee 6.65±0.09aA 6.06±0.06bC 5.56±0.06cC 5.09±0.11cD 

Salted butter 6.55±0.05aA 6.31 
±0.06aBC 

5.1 9±0.09cC 5.01±0.17cD 

Spiced butter 6.72±0.06aA 6.09±0.1 3bD 5.72±0.05cC 5.53±0.04bD 

Melted butter 6.80±0.28aA 6.40±0.05bC 5.26±0.07cC 5.01±0.14cD 

Untreated butter 6.77±0.03aA 6.65±0.09aB 6.60±0.07aB 6.32±0.07aC 

Frozen butter 6.77±0.08aA 6.23±0.04aB 6.28±0.08aB 6.04±0.10aC 

Refrigerated butter 6.77±0.07aA 6.59±0.04aB 6.12±0.1 0aC 6.06±0.10aD 

Means followed by similar lower case letters in a row are not significantly different 
(P<0.05), Means followed by similar upper case letters in a column are not 

significantly different (P<0.05). 
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Yeast and mold counts 
 
The result of mean yeast and mold counts (log cfu/g) for treatments and preservation 

time is presented in Table 3. Mean yeast and mold counts at 0, 1, 2 and 3 months of 

preservation did not significantly (P>0.05) differ for traditional ghee, spiced and butter 

refrigerated at 4°C, the values for salted, spiced, melted, untreated and frozen butter 

samples were significantly different (P<0.05). However, the overall mean yeast and 

mold counts for traditional ghee, salted, spiced, melted, untreated, frozen and 

refrigerated butter samples did not show significant differences. Mean yeast and mold 

counts of butter at initial preservation time for traditional ghee (5.70 log cfu/g), salted 

butter (5.74 log cfu/g) and melted butter (5.56 log cfu/g) significantly differed (P<0.05) 

from the values recorded for spiced, untreated, frozen (-20°C) and refrigerated (4°C) 

butter. This might be attributable to the effect of heat treatment; antimicrobial 

properties of spices used to treat butter samples and reduced water activity in salted 

butter. Besides, suboptimal temperature in frozen butter might have hindered the 

growth of yeasts and molds, as the temperature range for yeast and mold growth is said 

to be 0 to 47°C, out of which, the growth of both organisms can be hampered.  

 

The results of the present study were also in agreement with the findings of Seriler 

(2003) who revealed the possibility of reducing mold growth on the surface of butter by 

salting. The mean yeast and mold count for untreated butter sample at initial time of 

preservation was 6.70-log cfu/g, which is beyond the maximum tolerable limit of 1 log 

cfu/g of yeast and mold count for butter samples recommended by the Ethiopian 

Standards Authority (QSAE, 2009). The present result was also higher than the mean 

yeast and mould count of 5.58 log cfu/g reported for butter samples from Wolayita area 

in Southern Ethiopia (Mekdes, 2008). Increasing trends of yeast and mold counts were 

observed with prolonged period of preservation for untreated, refrigerated (at 4°C), 

spiced and melted butter samples. In the case of spiced butter, poor hygiene of spices 

purchased from open market might have contributed to the high rate of contamination, 

while water activity might have been high and have created favorable environment for 

the growth of yeast and molds in untreated and refrigerated butter samples. 

 
                   Table 3. Mean yeast and mold counts (log cfu/g) of butter samples preserved in different methods. 

 

Preservation 
method 

Preservation duration in month 

0 1 2 3 

Traditional ghee 5.70±0.08aB 5.70±0.04aB 6.1 6±0.08aA 6.1 9±0.08aA 

Salted butter 6.54±0.03bC 6.67±.03aB 6.69±.04aB 6.78±0.05aA 

Spiced butter 5.74±0.05aC 6.36±0.05aA 6.28±0.08aB 6.37±0.06aA 

Melted butter 5.56±0.03dD 5.78±0.09cC 6.28±.07bB 6.71±.07aA 
Untreated butter 6.70±.05bD 6.74±0.03cC 6.78±.03aB 6.84±.05aA 

Frozen butter 6.70±0.04aA 6.46±0.05bB 6.14±0.10bC 6.42±0.1 4bC 

Refrigerated butter 6.70±0.05aB 6.72±0.06aB 6.76±0.05aA 6.79±0.04aA 

Means followed by similar lower case letters in a row are not significantly different 

from each other (P<0.05), Means followed by similar upper case letters in a 

column are not significantly different from each other (P<0.05).  
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Total coliform counts 

 

Mean total coliforms count (log cfu/g) for the treatments and time of preservation is 

presented in Table 4. There were no significant differences (P>0.05) between butter 

samples preserved using traditional ghee, salted, frozen and refrigerated for 0, 1, 2 and 

3 months of preservation, while spiced, melted and untreated butter showed significant 

(P<0.05) differences at 0, 1, 2 and 3 months of preservation. Mean total coliform 

counts at initial time of preservation for traditional ghee, spiced, melted, untreated, 

frozen and refrigerated butter samples did not differ significantly, except for salted 

butter. Similarly, mean total coliforms counts at the end of one month of preservation 

for traditional ghee, spiced, melted, frozen and refrigerated butter samples were not 

significantly different, except for salted and untreated butter, which did not 

significantly differ from each other. 

 

At the end of second month of preservation, mean total coliforms counts for traditional 

ghee, spiced, melted, frozen and refrigerated butter samples did not significantly differ 

from each other, except for salted and untreated butter. On the other hand, there was no 

significant difference between the treatments (traditional ghee, spiced, melted, frozen, 

refrigerated, salted and untreated butter samples) at the end of the third month of 

preservation. Mean total coliform count of untreated butter at initial preservation time 

was 5.62-log cfu/g of butter sample. This value was far beyond the mean total coliform 

count (2-log cfu/g of butter sample) for samples collected from Wolayita zone 

(Mekdes, 2008). After two months of preservation period and onwards, mean total 

coliform count showed relatively decreasing trends for traditional ghee, frozen and 

salted butter compared to the other treatments. This might be associated with the 

inhibitory effects of heat treatment, low storage temperature (-20°C) and salt, 

respectively. 
 
                             Table 4. Total coliform counts (log cfu/g) of butter samples preserved in different methods. 
 

Preservation 
method 

Duration in month 

0 1 2 3 

Traditional ghee 5.70±0.08aA 5.70±0.04aA 6.16±0.08aA 6.37±0.08aA 

Salted butter 6.54±0.03aB 6.67±0.03aB 6.69±0.04aB 6.96±0.11aA 

Spiced butter 5.74±0.05aC 6.36±0.05aB 6.28±0.08aB 6.54±0.05aC 

Melted butter 5.56±0.03aD 5.78±0.09aC 6.28±0.07aB 6.86±0.09aB 

Untreated butter 6.70±0.05aB 6.74±0.03bC 6.78±0.03aB 6.98±0.09aA 

Frozen butter 6.70±0.04aA 6.46±0.05aA 6.14±0.10aA 6.34±0.07aA 

Refrigerated butter 6.70±0.05aA 6.72±0.06aA 6.76±0.05aA 6.62±.05aA 

Means followed by similar lower case letters in a row are not significantly different 

from each other (P<0.05), Means followed by similar upper case letters in a column 

are not significantly different from each other (P<0.05).  

 
Enterobacteriaceae count 
Mean Entrobacteriaceae count (log cfu/g) for the treatments and preservation time is 

presented in Table 5. There were no significant differences (P<0.05) between traditional 

ghee, salted, spiced, melted, frozen and refrigerated butter, except for untreated butter,  at 

0, 1, 2 and 3 months of preservation. Mean Entrobacteriaceae counts did not 

significantly (P<0.05) differ for samples of traditional ghee, spiced, melted and frozen 



69 

 

butter at 0 month of preservation, while the values for salted, untreated and refrigerated 

butter samples showed significant difference (P<0.05).  A similar trend was also 

observed at the end of one month. However, the mean counts for untreated and 

refrigerated butter did not significantly differ from each other. On thr other hand, the 

mean Entrobacteriaceae counts at the end of second months of preservation did not 

significantly (P>0.05) differ for traditional ghee, spiced, untreated and refrigerated 

butter, while the values showed significant difference for salted, melted and frozen 

butter samples. However, at the end of third month of preservation, the mean 

Entrobacteriaceae counts did not significantly differ for traditional ghee, spiced, 

untreated, melted, refrigerated and frozen samples, except for salted butter.  

 

At the initial preservation time, relatively smaller mean Enterobacteriaceae count 

(4.26-log cfu/g of butter) was observed for traditional ghee compared to the other 

treatments. This might be attributed to the heat treatment and, thus, moisture removal 

from butter during ghee making. In line with this, a report by Mattick et al. (2001) has 

shown that some thermo tolerant Enterobacteriaceae comprising a sub-group of 

mesophiles are capable of growth at up to 44°C, with an optimum growth temperature 

of 37°C. Fellows (2008) have also reported that ghee is preserved by a combination of 

heat, which destroys enzymes and contaminant microorganisms by removing moisture 

from the butter oil during storage. Similarly, Samaraweera et al. (2001) have 

confirmed that lowering moisture content substantially reduces the growth rate of some 

Enterobacteriaceae. On the other hand, relatively higher counts of Enterobacteriaceae 

(6.70 log cfu/g) were observed for spiced butter than for the other treatments during the 

initial preservation perio. This might be attributable to poor hygienic status of the spices 

purchased from local open markets.  

 

In general, relatively smaller mean Enterobacteriaceae count was observed for frozen, 

refrigerated butter and traditional ghee compared to the other treatments throughout the 

preservation period. This could be explained in terms of the inhibitory effects of low 

storage temperatures in refrigerated and frozen butter and heat treatment in traditional 

ghee making. In agreement with the results of the present study, Mattick et al. (2001) 

have reported that cooling of food to normal refrigeration temperatures of 0 to 8°C 

inhibits Enterobacteriaceae growth in storage facilitates. Rhea (2009) has also reported 

that deep freezing retards the growth of undesirable microorganisms and proper salting 

of butter also removes moisture droplets and negatively affects their growth. 
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Table 5. Entrobacteriaceae counts (log cfu/g) of butter samples preserved in different methods. 

 

Preservation  Duration ( month) 

0 1 2 3 

Traditional ghee 4.26±0.04aA 5.79±0.08aB 5.84±0.06aA 6.12±0.17aA 

Salted butter 6.70±0.07aB 6.84±0.03aA 6.52±0.03aB 6.43±0.03aB 

Spiced butter 5.83±0.06aA 5.94±0.06aB 5.97±0.06aA 6.23±0.10aA 

Melted butter 6.27±0.03aA 6.42±0.03aB 6.57±0.07aB 6.61 ±0.06aA 

Untreated butter 5.07±0.08cC 5.64±.04aC 6.23±0.09aB 6.71 ±0.06aA 

Frozen butter 5.07±0.33aA 5.57±0.04aB 5.69±0.04aB 5.69±0.09aA 

Refrigerated butter 5.07±0.31aC 5.67±0.05aC 5.96±0.11aA 6.36±0.08aA 
Means followed by similar lower case letters in a row are not significantly different 

from each other (P<0.05), Means followed by similar upper case letters in a column 

are not significantly different from each other (P<0.05).  

 
Organoleptic quality of butter samples preserved in different methods 
 
Beginning of preservation  
The hedonic rating scale values for color, texture and odor at the beginning of 

preservation are presented in Table 6. At the initial stage of preservation, color, texture 

and odor of all the treatments were within the acceptable ranges, except for spiced 

butter, which had relatively lower values compared to others. This might be 

attributable to darkening of the color of spiced butter due to mixing with spices such as 

black cumin. At initial time of preservation, traditional ghee and salted butter were 

extremely liked, while butter stored in refrigerator at 4°C in deep freezer were liked 

moderately. The color and odor of traditional ghee and salted butter were extremely 

liked. Similarly, except for spiced butter, the color of butter in the other treatments was 

extremely liked. 

 
End of one month of preservation 
At the end of one month of preservation, the color, texture and odor of butter samples 

were in acceptable range for traditional ghee, spiced, salted, melted, untreated and 

butter stored in deep freeze and in refrigerator at 4°C, but the color of spiced butter 

ranged between slightly dislike to neither like nor dislike (Table 6). The sensory 

panelists extremely liked traditional ghee, salted, refrigerated and butter kept in deep 

freeze, while spiced butter was neither liked nor disliked and melted and untreated 

butter samples were moderately liked at the end of month preservation. 

 
End of two months of preservation 
At the end of two months of preservation, sensory acceptability of spiced, melted and 

untreated butter highly deteriorated compared to the other treatments (Table 6). 

Traditional ghee and salted butter were rated as liked very much for their color, 

aroma and texture. This observation was in agreement with the report of Illingworth 

et al. (2009), indicating that application of heat during preparation of ghee and 

removal of moisture and solid non-fat constituents contribute to a product of unique 

color, flavor and texture. Odor of traditional ghee and salted butter was rated as 

extreme and moderate likeness, respectively, while frozen and refrigerated butter 

were moderately liked by the sensory panelists. On the other hand, the odor and 
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texture of spiced butter were rated neither as like nor disliked, while the color and 

aroma of melted and untreated butter were slightly disliked, except for their texture. 

 

End of three months of preservation 
The hedonic rating scale values given to butter samples at the end of three months of 

preservation are presented in Table 6. Accordingly, color, texture and odor values for 

traditional ghee and salted butter showed extreme and moderate likeness, respectively, 

while frozen and refrigerated butter were moderately liked by the panelists. The odor 

and texture of spiced butter were neither rated as like nor disliked, while the color and 

aroma of melted and untreated butter were slightly disliked, except for their texture. 

 
Overall acceptance of preserved butter at the end of three months 
The hedonic rating scale values for overall acceptance of butter samples at the end of 

three months of preservation showed that, among the treatments, traditional ghee was 

extremely liked, followed by salted butter, which was rated between moderate and 

extreme likeness. On the other hand, refrigerated and frozen butter were moderately 

liked by the sensory panelists. The relative reduction in likeness in the overall 

acceptability of refrigerated and frozen butter might be attributable to the change in 

odor because of metabolic and enzymatic activities of psychrophilic bacteria that can 

multiply under low temperature. 
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                                  Table 6. Mean scores for descriptive sensory attribute of butter treated under different preservation methods. 
 

Sensory 
attribute 

Duration 
(months) 

  Preservation technique   

Traditional 
ghee 

Spiced 
butter 

Salted 
butter 

Melted 
butter 

Untreated 
butter 

Frozen 
butter 

Refrigerated 
butter 

 0 4.70±0.15a 3.50±0.40b 4.70±0.1 5a 4.00±0.39ab 4.20±0.25ab 4.20±0.25ab 4.20±0.25ab 

 1 4.50±0.22a 3.10±0.23b 4.80+0.13a 3.70±0.34b 3.10±0.23b 4.50±0.23a 3.70 ±0.34b 

Odor 2 4.43±0.20a 2.71±0.36b 3.71±0.36a 2.14±..34bc 1.57±0.30c 4.14±0.26a 3.71 ±0.18a 

 3 4.85±0.14a 1.71 ±0.42c 3.43±0.30b 1.71 ±0.36c 1 .43±0.30c 3.86±0.40b 3.57 ±0.20b 

 0 4.30±0.26a 3.10±0.23b 4.40±0.22a 4.50±0.17a 4.30±0.15a 4.30±0.15a 4.30 ± 0.15 a 

 1 4.50±0.17a 3.50±0.40b 4.70±0.21a 3.50±0.40b 4.50±0.17a 4.50±0.17a 3.50 ± 0.40 b 

Texture 2 4.43±0.20a 3.00±0.38bc 3.71 ±0.42ab 2.71 ±0.29bc 2.29±0.42c 3.1 4±0.26b 3.00±0.31 b 

 3 4.71±0.18a 2.57±0.53b 3.43±0.37b 2.43±0.43b 2.29±0.42b 2.86±0.40b 2.86 ±0.34b 

 0 4.70±0.21a 2.40±0.27c 4.70±0.21a 3.70±0.34b 4.50±0.22a 4.50±0.22a 4.50 ±0.22a 

 1 4.70±0.15a 2.40±0.27c 4.50±0.22a 3.50±0.40b 3.50±0.40b 4.70±0.21a 4.70 ±0.21a 

Color 2 4.86±0.14a 1.71±0.36c 4.14±0.14ab 4.14±0.14ab 1.86±0.34c 1.71±0.29c 3.57 ±0.20b 

 3 4.86±0.14a 1.29±0.18c 3.71±0.47b 1.57±0.30c 1.29±0.18c 3.71±0.52b 3.43 ±0.30b 

                               Means followed by similar letters in a row are not significantly different from each other (P<0.05) 
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Conclusions and Recommendation 
 
In the present study, it was observed that microbial quality of butter samples was 

substandard starting from initial preservation time. Moreover, microbial and 

organoleptic properties of the samples deteriorated with prolonged storage time, except 

for traditional ghee and salted butter. Hygiene of spices, herbs and salt used to preserve 

butter should be maintained to reduce contamination. Appropriate amount of spices 

and plant materials used to preserve butter need to be optimized. Moreover, though 

traditional ghee followed by salted butter was more liked, comprehensive evaluation, 

including oxidative deterioration of traditionally preserved butter appears to be very 

vital to come up with more conclusions that are comprehensive. 
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  Abstract 
 

Yoghurt is a good source of essential nutrients in human diet and its demand is increasing 

when flavored with different fruit juices. The aim of this study was to evaluate physico-

chemical properties, microbial quality and overall acceptability of fruit-flavored yogurts 

and develop most preferred combination. Flavored yogurt was prepared with mango and 

papaya juices each added to yoghurt at the rate of 10, 15, 20, and 25%. The result of this 

study indicated that addition of fruit juices increased titratable acidity and decreased 

protein, fat, ash and total solid contents of the flavored yoghurt. The lactic acid bacteria 

count was significantly higher in plain yoghurt; however, the total aerobic mesophilic 

bacteria, coliform and yeast and mold counts were higher in fruit flavored yoghurt. 

Yoghurt incorporated with 15% of mango juice was most preferred in sensory evaluation 

as compared to the other treatments. Results of the current study confirmed that addition 

of fruit juice to the yoghurt significantly improved the sensorial acceptability of yoghurt. 

 

Introduction 
 
Yoghurt is a dairy product obtained from the lactic acid fermentation of milk. It is one 

of the most popular fermented milk products in the world (Willey et al., 2008). 

Yoghurt can be good source of essential nutrients and minerals in the human diet. It 

could significantly contribute to the recommended daily requirements for calcium and 

magnesium to maintain the physiological process in human beings (Sanchez et al., 

2000). 
 

There is an increasing demand of yoghurt flavored with fruits and introduction of 

various fruit-flavored yoghurts has significantly contributed to its consumption 

(Shahani, 1993). Incorporation of fruits also reflects the healthy image of yoghurt. In 

line with this, Bardale et al. (1986) have reported that the addition of fruit flavors, fruit 

purees and flavor extracts enhances versatility of taste, color, and texture for the 

consumer. Sensory appeal is also one of the essential strategies associated with market 

success of fermented products like yoghurt. The popularity of yoghurt as a food 

component has been linked to its sensory characteristics (Routray and Mishra, 2011). 

The key to the increase in sales of yoghurt is a continuous evaluation and modification 

of the product to match consumer expectations (Hugunin, 1999). Hence, flavoring 

yoghurt with fruits such as papaya and mango, which are not only easily available and 

mostly consumed fruits in high amount, but also rich in β- carotene, lycopene, phenol, 

anti-oxidants and minerals, appears to be important. However, researches in the area 

developing fruit based yoghurt have not yet been done in Ethiopia. Therefore, the aim 
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of this study was to evaluate the nutritional quality and acceptability of yogurts 

flavored with mango and papaya juices based on sensory, physico-chemical and 

microbial properties. 

 

Materials and Methods 
 
Raw materials  
Two types of fruits (papaya and mango) were used to develop fruit flavored yoghurt. 

Fresh cow milk was collected from dairy farm of Holetta Agricultural Research Center, 

Ethiopia. Ripened fruits and yoghurt containing 3% of Stereptococcus thermophilus 

and Lactobacillus acidophilus were purchased from local supermarket and transported 

to Holetta Agricultural Research Center Dairy laboratory. 

 

Preparation of fruit juice and fruit flavored yoghurt  
Mango and Papaya fruits were washed and peeled by clean knife. Fruit juices were 

extracted and homogenized by juice maker and homogenizer (POLYTRON, 

Switzerland). Both mango and papaya juices were filtered by clean cheesecloth and 

kept in a refrigerator (4°C) in a sterilized glass bottle. Yoghurt was prepared according 

to International Dairy Federation’s yoghurt manufacture procedures (IDF, 1988). Fresh 

cow milk was used for yoghurt production. Briefly, the milk was filtered to remove 

foreign matters and pasteurized at 72
o
C for 15 sec to reduce the population of 

pathogenic microorganisms. Then, the milk was cooled to 42
o
C, 3% of the starter 

cultures were added in to the pasteurized milk, and mango and papaya juices were 

added to the yoghurt at the rate of 10, 15, 20 and 25%. Then, cup of fruit flavored 

yoghurt and plain yoghurt were incubated at 42
o
C until complete coagulation of 

yoghurt for 5-6 hr. After complete coagulation, all treatments were cooled in the 

refrigerator at 4
o
C until sensory evaluation, physio-chemical and microbial analysis 

was carried out. 

 
Sensory evaluation of fruit flavored yoghurt 
Fruit flavored yoghurts were subjected to sensory evaluation by ten semi-trained 

panelists. The panelists comprised of both females and males who had previous 

experience in milk and milk products evaluation. Fruit flavored yoghurt was evaluated 

based on color, flavor, taste, odor and overall acceptability. The evaluation was done at 

room temperature in Holetta Dairy Research Laboratory. Each panelist scored samples 

independently and recorded the values on the basis of five point hedonic scale (1= 

dislike very much, 2= dislike moderately, 3= neither dislike nor like, 4= like 

moderately and 5= like very much). This scale was used to rank both plain and fruit 

flavored yoghurts. Panelists were served water and unsalted crackers to clean their 

mouths before tasting each sample (Bodyfelt et al., 1988).  
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Physico-chemical analysis of fruit flavored yoghurt 
Titratable acidity (expressed as % lactic acid) of flavored yoghurt was determined by 

titration with 0.1 N sodium hydroxide solution; using phenolphthalein as indicator 

according to the procedure of O'Connor (1994). Total solids of freshly prepared 

flavored yoghurt and plain yoghurt samples were measured by oven drying at 105°C 

until steady weight was achieved (approximately overnight) (O'Connor, 1994). PH of 

the samples was measured by using portable pH meter (pH-016, China), inserting a pH 

probe into homogenized yoghurt samples, according to the procedure developed by 

Akpakpunam and Safa-Dedeh, (1995). Percentage of ash in the samples was measured 

using total solid dried in the muffle furnace by igniting at 550°C for 5 hr (Michael and 

Frank, 2004). Gerber method according to the procedures developed by O’ Connor 

(1994), while protein contents were determined by using AOAC (2005) measured fat 

content of samples. 

 
Microbial analysis  
 
Total aerobic mesophilic bacteria count 
A total aerobic mesophilic bacterial count was done according to the procedure of FAO 

(1997), using plate count agar (Oxoid, CM 0325, and UK). One ml of yogurt sample 

was homogenized using vortex mixer (VM-300, Taiwan) with 9 ml sterile peptone 

water (0.1%) to obtain first dilution. One ml of the sample from a selected dilution was 

pour-plated in duplicate and incubated for 48±2 h at 35°C. The enumeration of bacteria 

was performed using digital colony counter and the result was expressed as colony 

forming units per ml (CFU/ml). 
 

Total coliform count  
Total coliform count was done according to the procedure developed by Michael and 

Frank (2004). One ml sample was taken from appropriate serial dilutions and plated on 

violet red bile agar (VRBA, Oxoid, CM 0107) in duplicate, and incubated at 32
°
C for 

24 hr. The enumeration of total coliform was performed using digital colony counter 

and the result was expressed as colony forming units per ml (CFU/ml). 

 

Yeast and mould count  
Yeast and mould count was carried out according to the procedure of FAO (1997). 

Homogenized samples were serially diluted by adding 1 ml of sample into 9 ml of 

peptone water (Oxoid, CM0009). Potato Dextrose Agar (PDA, Himedia, M096) media 

was used and antibiotics (Streptomycin and Chloramphenicol) were added to inhibit 

the growth of bacteria. One ml of homogenized sample was taken and plated on the 

PDA media in duplicate. The enumeration of yeast and mould was performed and the 

result was expressed as colony forming units per ml (CFU/ml). 

 
Lactic acid bacteria count  
Lactic acid bacterial count was done according to the Standard Methods for the 

Examination of Dairy Products (Michael and Frank, 2004), using lactobacillus MRS 

agar (Himedia, M641). One ml of each yogurt sample was homogenized with 9 ml 

sterile peptone water using vortex mixer (VM-300, Taiwan) (Oxoid, CM0009). Then, 1 
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ml of the homogenized sample from appropriate serial dilutions was poured-plated on 

the melted MRS agar in duplicate. It was then incubated in anaerobic jars at 35°C±2 

for 48 hr. Colonies of lactic acid bacteria were counted and expressed as colony 

forming units per ml (CFU/ml). 

 
Statistical analysis  
 
Physico-chemical and microbial data were analyzed using the general linear model 

(GLM) procedure of the Statistical Analysis System (SAS) and means were compared 

using Duncan's Multiple Range Test (SAS Inc., Cary, USA) version 9. The microbial 

count results were log transformed before subjected to statistical analysis. Sensory data 

was analyzed using Kruskal -Wallis test of the SPSS statistical package program 

(SPSS, Inc., Chicago, IL, USA) version 20. 

 

Results and Discussion 

 
Physico-chemical properties  
  
Titratable acidity and pH 
As shon in Table 1, the effect of treatments on pH and titratable acidity was highly 

significant (P<0.001). Addition of fruit juice significantly decreased the pH of yoghurt 

samples. However, titratable acidity increased with increasing fruit percentage. Similar 

observation has been reported by Roy et al.(2015) who indicated that the acidity of 

yoghurt increased with increases in banana, papaya and watermelon juice percentage. 

In the present study, it was observed that 25% mango flavored yoghurt had the highest 

titratable acidity, but the lowest pH (3.92) (Table 1).  

 
Fat and protein contents 
Fat and protein contents of plain and fruit flavored yoghurts are presented in Table 1. 

The effect of fruit on yoghurt fat and protein contents was highly significant (P<0.001). 

The results indicated that percentage of fat and protein in yoghurt samples was highly 

influenced by addition of fruit juice, where the values of both parameters decreased 

with increasing proportion of fruit juice. This might be attributed to lower protein and 

fat contents of fruits as compared to milk. This finding agrees with the work of Roy et 

al. (2015) who reported that the fat and protein content of yoghurt decreased with 

increases in percentage of banana, papaya and watermelon pulp juices. Hossain et al. 

(2012) who found that the fat and protein content of fruit yoghurt decreased with 

increasing proportion of strawberry, orange and grape juices have also reported similar 

finding.  

 
Total solids and ash  
Addition of fruit juice resulted significant differences (P<0.05) in total solid and ash 

contents of yoghurt. The content of total solids of fruit flavored yoghurt decreased with 

increasing percentage of fruit juice, probably because of lower fat and protein content 

in fruits (Table 1). Hossain et al. (2012) who found that total solid content decreased 

with increasing fruit juice percentage have reported similar observation.  The result of 
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the present study indicated that the highest (16.57%) total solid content of yoghurt was 

recorded for the control sample, while the mean values for fruit flavored yoghurt (25% 

mango and 25% papaya) were nearly similar (Table 1). Ash content of fruit flavored 

yoghurt also decreased with increases in fruit juice percentage.  This result was in 

agreement with the findings of Roy et al. (2015) who reported that ash content in 

papaya and watermelon yogurts decreased with the increase in juice concentration. 

This might be due to the lower content of ash in mango and papaya fruits as compared 

to cow milk. The highest (0.67%) ash content was recorded for plain yoghurt (control 

sample) and the lowest (0.63%) was for fruit flavored yoghurt containing 25% mango 

(Table 1). 

 
           Table 1. Physico-chemical properties of fruit flavored yoghurts  
 

Treatment pH Titratable 
acidity (%) 

Fat (%) Protein (%) Total solid (%) Ash (%) 

 
C 

 
4.30±0.07a 

 
0.64± 0.00g 

 
4.05±0.07a 

 
3.69 ± 0.00a 

 
16.570±.00a 

 
0.67± 0.00a 

M1 4.25±0.04a 0.74±0.01e 3.95± 0.07a 3.360±.02d 16.08 ± 0.2b 0.66±0.00ab 

M2 4.01± 0.01bc 0.78 ±0.00c 3.80±0.00b 3.38± 0.00cd 16.06 ± 0.01b 0.65±0.07b 

M3 3.93±0.01cde 0.81 ± 0.01b 3.65± 0.07cd 3.34±0.01de 15.20± 0.07c 0.63±0.00c 

M4 3.92±0.01e 0.85± 0.01a 3.5± 0.00e 3.29 ± 0.01f 14.64± 0.08e 0.63±0.00c 

P1 4.180 ±07ab 0.68 ± 0.01f 3.80± 0.00bc 3.54±0.05b 16.05±0.00 b 0.67±0.00a 

P2 4.09 ±0.01bc 0.76 ±0.01d 3.75± 0.07cd 3.43±0.03c 15.03±0.00cd 0.66±0.01ab 

P3 4.06± 0.09bcd 0.77± 0.01b 3.55± 0.07cd 3.39±0.01cd 14.82±0.08de 0.66±0.00ab 

P4 4.010±0.9cde 0.80 ± 0.01b 3.55± 0.07ef 3.30±0.00ef 14.85±0.07de 0.65±0.01b 

Means with different superscripts within a column are significantly different (P < 0.05);  C: control (plain 

yoghurt), M1= 10% Mango + 90% yoghurt, M2= 15% Mango + 85% yoghurt, M3= 20% mango + 80% 

yoghurt, M4= 25% mango + 75% yoghurt, P1= 10%Papaya + 90 yoghurt, P2= 15% Papaya + 85% yoghurt, 
P3= 20% of Mango + 80% yoghurt, P4 =25% papaya + 75% yoghurt. 

 
Microbial quality of fruit flavored yoghurts  
The microbial quality of plain and fruit flavored yoghurt samples are presented in 

Table 2.  Lactic acid bacteria, total aerobic mesophilic bacteria, total coliform and 

yeast and mould counts were significantly (P<0.05) affected by the type of fruit and 

juice percentage used in yoghurt. The lowest total coliform (3.65 log10 cfu/ml) and 

yeast and mould counts (5.78 log10 cfu/ml) were observed for plain yoghurt sample. 

Although there was no significante difference (P<0.05) between 25% mango and 25% 

papaya flavored yoghurts, the highest total aerobic mesophilic bacteria and total 

coliform counts were recorded for yoghurt containing 25% mango (Table 2). Total 

mesophilic bacteria, total coliform and yeast and mould counts increased with 

increasing juice percentage in fruit flavored yoghurt samples. This might be due to 

increased level of the non-pasteurized fruit juices with lower microbial load. Con et al. 

(1996) who found that yeast and mould counts increased when the proportion of fruit 

flavor increased in yoghurt have reported similar results. Similarly, Tarakci and 

Kucukoner (2003) have also stated that total aerobic mesophilic bacteria and yeast and 

mould counts in plain sample were lower than yoghurt samples containing fruit juice. 

The results of the present study indicated that, among the samples, yoghurt containing 

10% mango exhibited the least microbial quality for total aerobic mesophilic bacteria 

(7.85 log10 cfu/ml), total coliform (4.24 log10 cfu/ml) and yeast and mould count (6.21 
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log10 cfu/ml). This might be due to the low percentage of mango with lower microbial 

load as compared to those samples with more than 10% mango juice. 

 

The result of the present study also indicated that the highest (7.22 log10 cfu/ml) lactic 

acid bacteria count was recorded for the control sample, while the lowest (7.03 log10 

cfu/ml) value was for yoghurt containing 25% mango juice. Lactic acid bacteria count 

of fruit flavored yoghurt decreased with increases in fruit juice percentage (Table 2). 

The finding of this study was in agreement with the report of Prescott et al. (2005), 

indicating that lactic acid bacteria grow optimally under slightly acidic condition when 

the pH is between 4.5 and 6.4. In addition to the pH value, concentration of lactose in 

fruit flavored yoghurt samples might have also influenced the growth of lactic acid 

bacteria. 
         
                    Table 2. Microbial characteristics of fruit flavored yoghurt (log10 cfu/ml)  
 

Treatment Total bacteria Total coliform Yeast and mould Lactic acid bacteria 

 
C 

 
7.86±0.05b 

 
3.65±0.02e 

 
5.78±0.03c 

 
7.22 ±0.00a 

M1 7.85±0.06b 4.24±0.01d 6.21±0.06ab 7.16±0.00b 

M2 7.89±0.01b 4.63±0.03b 6.27±0.00ab 7.08±0.01de 

M3 8.16±0.00a 4.84±0.01a 6.28±0.02ab 7.05±0.02de 

M4 8.22±0.01a 4.84±0.04a 6.32±0.02a 7.03±0.00e 

P1 8.17±0.00a 4.37±0.01c 6.03±0.01b 7.14±0.01bc 

P2 8.18±0.00a 4.82±0.12a 6.18±0.01ab 7.09±0.06cd 

P3 8.18±0.01a 4.79±0.01a 6.19±0.01ab 7.06±0.02de 

P4 8.20±0.01a 4.78±0.01a 6.23±0.00ab 7.03±0.07de 

Means with different superscripts within a column are significantly different (P < 0.05);  C: 

control (plain yoghurt), M1= 10% Mango + 90% yoghurt, M2= 15% Mango + 85% yoghurt, 
M3= 20% mango + 80% yoghurt, M4= 25% mango + 75% yoghurt, P1= 10%Papaya + 90 

yoghurt, P2= 15% Papaya + 85% yoghurt, P3= 20% of Mango + 80% yoghurt, P4 =25% 
papaya + 75% yoghurt. 

 
Sensory evaluation   
There was highly significant differences (P<0.01) between 10% of fruit juice yoghurts 

and the plain for color, odor, taste and overall acceptability. The color of plain yoghurt 

(C), 10% mango (M1) and 10% papaya (P1) were ranked as 38.7, 53.2 and 20.4% 

respectively. The highest rank values of taste, odor and overall acceptability were 

recorded for the M1, while the lowest values were for the plain yoghurt. Similarly, the 

result indicated that the highest and lowest values of flavor were observed for 10% 

mango yoghurt and plain yoghurt (control), respectively, while P1 had intermediate 

values between the two for all variables (Table 3). These results were more or less 

similar to the findings of Madhu et al. (2012).  

 

Differences in sensory attributes were also significant for yoghurts incorporated with 

15% mango (M2), 15% papaya (P2) and plain yoghurt. Fruit flavored yoghurt with 15% 

mango  scored highest values for color (68.6), odor (76.5), taste (69.4), sourness (60.3), 

flavor (77.7) and overall acceptability (78.3) followed by P2. Although 15% papaya 

juice flavored yoghurt (P2) was less preferred by panelist, it had higher rank values for 

all sensory attributes as compared to plain yoghurt (Table 3). This result was in 

agreement with the work of Roy et al. (2015), who reported that yoghurt with 15% of 

papaya juice is mostly acceptable and recommendable for large scale production. 



81 

 

Furthermore, similar findings have also been reported by Abdallah and Mohamed 

(2017), who suggested that mangoes are more suitable to use as flavoring material in 

yoghurt manufacturing. The current study also indicated that all sensory attributes 

(color, flavor, taste, sourness and overall acceptability) of yoghurt become optimal 

when 15% mango juice is added. The same is true for 15% of papaya juice, which 

resulted in acceptable level of improvement for sensory attributes (Table 3) and 

nutritional quality of yoghurt (Table 1). 

 
Score values for color, odor, flavor and overall acceptability of yoghurt flavored with 

20% mango (M3) or papaya (P3) were lower than M2 and P2. There were highly 

significant differences (P <0.01) between plain and 20% fruit flavored yoghurt for 

color, odor, taste, flavor and overall acceptability. The highest values for taste (72.2) 

and other attributes were recorded for 20% mango flavored yoghurt (M3) (Table 3). 

This result was in agreement with the finding of Dessie et al. (1994), who have 

reported that addition of fruit juice improved the color and texture of yoghurt. In 

general, the results of the present study indicate that addition of fruit juice with 

appropriate properties has improved sensory attributes of yoghurt. On the other hand, 

except for color, lowest values of sensory attributes (odor, sourness, taste, flavor and 

overall acceptability) were recorded for plain yoghurt (Table 3). In line with this, 

Dessie et al.(1994) have reported that smell and taste scores of mango and pineapple 

flavored yoghurt were higher than that of the control plain yoghurt. The taste of mango 

juice yoghurt (M3) was found to be better as compared to papaya juice yoghurt (P3) 

and plain yoghurt. This might be attributed to more carbohydrate content of the former 

as compared to the later treatments. 

 

Differences between 25% mango (M4) or papaya (P4) flavored and plain yoghurt (C) 

were significant (P< 0.05) for color, odor, sourness and overall acceptability and highly 

significant (P<0.01) for taste and flavor (Table 3). M4 exhibited the highest values for 

color (53.1), odor (37.6), taste (44.8) and flavor (42.5), while the lowest score values 

for odor (18.4), taste (25.1), flavor (27.6) and overall acceptability (20.2). The values 

of color (31.9) and sourness (19.0) were also lowest for P4 and M4 (Table 3). On the 

other hand, P4 was superior over M4 in sourness and overall acceptability. 

Nevertheless, the improvement in flavor and, thus, overall acceptance of fruit based 

yoghurts could be attributed to the improved taste and odor and their interaction.    
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Table 3. Organoleptic evaluation of fruit flavored yoghurt 

 
Sensory attribute 

 
10% fruit flavored yoghurt 15% fruit flavored yoghurt 20%fruit favored yoghurt 25% fruit flavored yoghurt 

C M1 P1 LS C M2 P2 LS C M3 P3 LS C M4 P4 LS 

Color 38.7 53.2 20.4 ** 38.7 68.6 46.0 ** 38.7 65.5 32.0 ** 38.7 53.1 31.9 * 

Odor 18.4 55.8 43.5 *** 18.4 76.5 46.2 *** 18.4 56.4 41.8 *** 18.4 37.6 33.3 * 

Sourness 37.0 47.2 39.6 NS 37.0 60.3 52.1 * 37.0 57.4 47.8 * 37.0 19.0 49.2 * 

Taste 25.1 44.8 30.9 ** 25.1 69.4 35.2 *** 25.1 72.2 43.4 ** 25.1 44.8 32.4 ** 

Flavor 27.6 42.5 29.9 * 27.6 77.7 34.4 *** 27.6 61.1 45.5 ** 27.6 42.5 34.5 ** 

Overall 
acceptability 

20.2 51.9 44.8 ** 20.2 78.3 39.3 *** 20.2 58.1 36.9 *** 20.2 44.8 45.2 * 

Note: C= control ( plain yoghurt), M1= 10% Mango + 90% yoghurt, P1= 10%Papaya + 90 yoghurt, M2= 15%  Mango +  85% yoghurt, P2= 15% Papaya + 85% yoghurt, 

M3, 20% mango + 80% yoghurt, P3= 20% of Mango + 80% yoghurt and Papaya, M4= 25% mango +75% yoghurt, P4 =25% papaya +75% yoghurt, LS=Level of 

significance, * Significant at P< 0.05, ** Significant at P< 0.01, *** Significant at P< 0.001, NS: Not Significant. 
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Conclusion 
 
Results of the present study revealed that blending yoghurt with optimum proportion of 

different fruit juices would improve its sensorial acceptability and chemical properties. 

Hence, it was concluded that yoghurt flavored with 15% mango juice had high 

preference by consumers and, thus, can contribute to food diversity as well as to both 

food and nutrition security in the country.  
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     Abstract 
 

Improving sensorial and nutritional quality of traditional whey is one of the areas to 

maximize its utilization and ensure food and nutrition security in the country. The juices 

of mango, orange, pineapple and papaya fruits were blended with traditional whey at 

100/0, 90/10, 85/15, 80/20 and 75/25 to fruit ratios to develop nutritious beverages. 

Sensory evaluation was conducted for all the twenty treatment combinations (4 fruits x5 

ratios) and the result was used to select acceptable treatments for further chemical and 

microbial analysis. Results of the experiment showed that fruit flavored beverages 

scored higher values than the control (100% traditional whey) for all sensory attributes 

indicating the potential of natural fruit juices in enhancing the acceptance of traditional 

whey. It was observed that addition of 15 to 25% mango and pineapple juices improved 

sensory property and nutritional quality of traditional whey. Therefore, this practice 

can be applied to enhance utilization of traditional whey, which otherwise be wasted 

and ensure nutrition security at household level. However, large scale demonstrations 

should be carried out for wider adoption and issues related to shelf life and packing 

technology be addressed for further commercialization of these results.  

 

Introduction 
 

Whey is a natural and very dilute byproduct of cheese making process and represents 

20% of the protein found in dairy milk (William and Emeritus, 2008).Whey contains 

water soluble vitamins, minerals mainly calcium and phosphorus, essential amino 

acids, lactose, fat, 6-7% total solids, albumin and globulins (Parekh, 1997; Mazaheri, 

2008). It contains all the constituents of milk fat and fat-soluble vitamins (Horton, 

1995). Product development using whey can be used as an excellent source of quality 

protein for developing countries (Chatterjee et al., 2015). Beverages made up of fruits 

and milk products are currently receiving considerable attention as their market 

potential is growing due to their nutritious value and deliciousness (Sakhale et al, 

2012). 

 

In Ethiopia, the amount of whey produced is not well quantified. By considering the 

amount of butter, buttermilk produced and the resultant whey as a byproduct, it is 

estimated to be very high (Mazaheri, 2008). At smallholder farmers’ level, whey is 

either discarded or provided to cows and pet animals such as dogs. Besides, whey 

produced by dairy cooperative unions is discarded. Moreover, it is becoming one of the 

http://www.emeraldinsight.com/search.htm?ct=all&st1=M.+Mazaheri+Assadi&fd1=aut&PHPSESSID=qv6ba2vm5g0n68pcj7lv0tmdk2
http://www.emeraldinsight.com/search.htm?ct=all&st1=M.+Mazaheri+Assadi&fd1=aut&PHPSESSID=qv6ba2vm5g0n68pcj7lv0tmdk2
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potential sources for environmental contamination during cottage type cheese making 

operations. According to a report by Ryan et al. (2012), whey is a highly pollutant 

dairy waste, disposal of which represents a serious environmental pollution, and as a 

result many dairy organizations treat whey before disposal (Gandhi, 1989). Use of 

whey as a food ingredient can avoid or reduce the environmental pollution and save 

losses of nutrients that would have been wasted (Khedkar et al., 2014). To this end, it 

is behaved that developing technologies applicable at smallholder farmers’ level for the 

efficient utilization of whey may have critical role to solve the problem associated with 

nutritional security.Therefore, this experiment was designed to develop nutritious 

beverages by blending traditional whey with natural fruit juices. 

 

Materials and Methods 
 
Preparation of traditional whey 

Bulkcow milk was collected from Holetta Agricultural Research Center dairy farm 

kept in a clean container and left aside for three days for spontaneous fermentation 

without addition of any starter culture. Then the fermented and coagulated milk was 

churned and butter was removed, and the remaining part was heated at 85
°
C until the 

cheese coagulated. Finally, the cottage cheese was separated from the whey by filtering 

using muslin cloth and the whey was kept in a labeled clean container. 

 
Preparation of fruit juices 

Fresh and healthy orange, papaya, mango and pineapple fruits were purchased from the 

surrounding fruit shops at Holetta town. The fruits were thoroughly washed and peeled, 

seeds and outer coverage (pulps) were removed and flesh parts cut into pieces. Finally, 

juices were prepared using juice blender and each fruit juice was separately kept in a 

labeled clean container. 

 

Formulation and treatment set up 
Beverages were prepared from juices of each of the four fruits (mango, orange, 

pineapple and papaya) blended with the traditional whey at four fruit juice to whey 

ratio (0:100, 10:90, 15:85, 20:80 and 25:75). In all the treatments 5% sugar was added 

and homogenized. Sensory evaluation was conducted for all the twenty treatments (4 

juice types x 5 juice to whey ratios) and the result was used to select acceptable 

treatments for further chemical and microbial analysis.  

 

Sensory Evaluation 
Beverages prepared from whey and fruits blends were subjected to a sensory 

evaluation following the method of Santiago et al. (2012). A total of ten semi-trained 

panelists, consisting of food science and microbiology researchers, and other staff 

members of Holetta Agricultural Research Center, who have knowledge in sensory 

analysis were selected for the evaluation.Training was given to panelists about the 

beverages and each attributes to be considered in the evaluation. A 5-point hedonic 

scale, where 5 standards for like very much and 1for dislike too much was used to 

score each sensory attribute.The attributes considered for evaluation were color, taste, 

flavor, sourness and overall acceptability. 
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Chemical analysis  

 
Determination of fat content: Gerber method was used to determine the fat 

content of the blended whey samples. The beverage samples were kept at 37
0 

C for 30 

minutes in a water bath to warm back the samples to normal body temperature of a 

cow. Ten ml of concentrated sulphuric acid, 11 ml of fruit blended whey beverage and 

one ml of amyl alcohol were added into a butyrometer. The butyrometer stopper was 

put on and the sample was shaken and inverted several times until all the milk was 

digested by the acid. Then, the butyrometer was placed in a water bath at 65
0
C for five 

minutes. The sample was placed in a Gerber centrifuge for four minutes at 1100 rpm 

(rotations per minute). Finally, the sample was placed in to a water bath at 65
0
C for 5 

minutes and fat percentage was read from the butyrometer (O’Connor, 1994).   

 

Determination of protein content: Formaldehyde titration method was used to 

determine the total protein content of the samples. Ten ml of fruit blended whey 

beverage was added into a beaker. Then, 0.5 ml of 0.5 % phenolphthalein indicator and 

0.4 ml of 0.4 percent Potassium Oxalate were added into the sample and titrated using 

digital dispenser/burette with 0.1N Sodium Hydroxide solution. The titration was 

continued until pink color become intense and the reading was multiplied by a factor 

1.74 (O’Connor, 1994). 

 
Determination of total solids: Three grams of the blended whey beverage sample 

was pipette in pre-weighed and dried crucibles. The crucibles were placed on a boiling 

water bath for 30 minutes. The samples were dried in an oven at 102°C for 14 hours. 

Then, the dried samples were placed in a desiccator to cool and weighed. The samples 

were dried again in the oven for 1 hour as before cooled and reweighed. The drying 

process was repeated until the difference in weight between two successive readings 

was not more than 1 mg just to determine the amount of total solids (O’Connor, 1994).  

Determination of ash content: Total ash was determined gravimetrically by 

igniting the dried mixture of whey beverage samples that were used for total solids 

determination. The samples were put in a muffle furnace where the temperature was 

slowly raised to 550
0
C until five hours. The sample was ignited until carbon (black 

color) disappeared or until the ash residue become white. Finally, the ash was removed 

from the furnace, cooled in desiccators and its proportion in each sample was 

calculated. 

 

Determination of lactose: Percent lactose of the beverages was determined by 

subtracting percent fat, protein and ash from the total solids content, where % Lactose 

= Percent total solids - (% fat+ % protein+ % total ash). 

 

Determination of titratable acidity: TitratableAcidity was measured by titrating 

10 ml of sample with N/9 NaOH to a phenolphthalein end (O’Connor, 1994).  

 
Determination of PH: 

The pH of samples was determined by using digital pH meter, 

which was calibrated against standard buffer upon use each time. 
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Microbial Analysis 

 
Determination of aerobic mesophilic bacteria: Plate count agar (PCA) media 

was autoclaved at 121
0
C for 15 minutes and cooled in a water bath adjusted at 45

0
C. 

Appropriate decimal dilutions of the beverage samples (0.1ml) were mixed with 20 ml 

of plate agar medium in duplicates and promptly incubated for 48 hours at 35
0
C. 

Finally, the duplicate petri dishes having 30 - 250 colonies were manually counted 

(FAO, 1997; Michael and Joseph, 2004). 

 

Determination of total coliforms: Violate Red Bile Agar (VRBA) media was 

boiled on a slow heating stove and tempered in water bath at 45
0
C. Then, 0.1ml of 

appropriate decimal dilutions of the beverage sample was poured on petri dishes in 

duplicates and mixed with 20 ml of VRBA per dish. The petri dishes with solidified 

agar medium were inverted and incubated at 32
0
C for 24 hours, after which total 

coliforms having 15- 150 dark red colonies and measuring at least 0.5 mm in diameter 

were manually counted in each petri dish (FAO, 1997; Michael and Joseph, 2004). 

 
Yeast and molds: Potato Dextrose Agar (PDA) media was autoclaved at 121

0
C for 

15 minutes and tempered in water bath adjusted at 45
0
C. Appropriate decimal dilutions 

of beverage samples (0.1ml) were poured on 15 x 90 ml petri dishes, mixed with 20 ml 

of PDA containing chloramphenicol, and incubated at 25
0
C for 5 days.  Finally, yeast 

and molds with plates containing 10 -150 colonies were manually counted (FAO, 

1997; Michael and Joseph, 2004). 

 
Statistical analysis 

 
The microbial data were transformed to log 10 prior to analysis. Both the chemical 

composition data and log transformed microbial counts were analyzed using General 

Linear Model (GLM) of the Statistical Analysis System (SAS). Least Significant 

Difference (LSD) test at 5% probability (p<0.05) level was used to compare the means 

(SAS, 2001). Data for the sensory properties of the blended whey beverages were 

analyzed using descriptive statistics.  

 
Results and Discussion 

 
Sensory evaluation 
It was observed that all the sensory attributes had higher values for whey blended 

beverages than for the control (100% traditional whey), indicating the potential of 

natural fruit juices in enhancing the acceptance of traditional whey. Overall 

acceptability was higher for whey than pineapple proportion of 75:25 and whey to 

mango proportion of 75:25, 80:20 and 85:15. Sourness of the beverages increased with 

increasing proportion of mango juice in the blends while flavor improved with 

increasing proportion of pineapple juice. On the other hand, addition of 15 to 25% 

mango juice to traditional whey considerably improved test of the beverage. 
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Chemical composition fresh beverages 
Result of the initial chemical composition of traditional whey blended with pineapple 

and mango juice is presented in Table 1. The protein content observed in the current 

study was comparable to that of whole milk. Blending of traditional whey beverages 

with mango and pineapple juices enhances the protein content of the beverages 

particularly at the initial stage. Protein contents of 75% whey and 25% mango was 

significantly higher than other combinations of whey and fruits. This result was in 

agreement with the findings of Sherwood and Jenkins (2007) who reported that 

blended whey beverages contain high amount of protein with high nutritional value and 

ideal source of energy and nutrients. A report by Chatterjee et al. (2015) also indicated 

that whey based pineapple beverages with excellent nutritional and sensory properties 

could be an interesting product in the constantly growing market for functional foods. 

It has also reported that whey with fruit juice combinations showed promising trends in 

the manufacture of value added nutritious beverages (Parekh, 1997). 

 
   Table 1. Chemical composition of fresh traditional whey and fruit juices 
 

Treatment Protein % Fat  % T.S% Ash% Lactose % T.A% pH 

75%whey/25%pin
eapple 

1.35±0.22
b
 0.1±0.0 7.55±3.28

b
 

0.37±0.02
 c
 6.73±1.65a 0.60± 0.04

a
 5±0.07

c
 

75%whey/25% 
mango 

1.61±0.16
a
 0.1±0.0 7.93±0.40

a
 

0.52±0.2
b
 5.7±0.43b 0.36±0.2

c
 5.4±0.14

b
 

85%whey/15% 
mango 

1.21±0.11
d
 0.1±0.0 7.7±0.63

b
 0.56±0.01

a
 5.43±0.79b 0.54±0.02

b
 5.2±0.14

a
 

80%whey/20% 
mango 

1.35±0.02
cd

 0.1±0.0 8.36±0.16
a
 

0.48±0.15
b
 6.43±0.02a 0.36±0.02

c
 5.7±0.20

a
 

100% whey 1.3±0.03
cd

 0.1±0.0 5.42±1.04
c
 

0.64±0.01
a
 3.38±0.02c 0.27±0.15

d
 4.5±0.77

c
 

  NS      

CV (%) 6.8 10.5 9.0 7.8 16.1 8.1 8.9 

    Means followed by the same letter(s) in a column are not significantly different at 5% P level. 

 
Chemical composition of the beverages after 7 days of preservation 
Result of chemical composition of traditional whey and fruit blends pasteurized at 

80
0
C for 15 minutes and preserved at 4

0
C for 7 days is presented in Table 2. Mango 

and pineapple blending significantly, improved total solids, ash and lactose contents. 

Titratable acidity and pH contents were not significantly different for all blending 

proportions. In the present study, the whey proteins showed an increasing trend with 

25% mango blend. 
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             Table 2.  Chemical composition of traditional whey beverages pasteurized and preserved for 7 days 

 
Treatment Chemical composition of traditional whey beverage 

Protein (%) Fat (%) Total solids 
(%) 

Ash (%) Lactose (%) T. acidity (%) pH 

75% whey /25%  mango 80% 
whey/20% mango 

3.02±0.05a 
 
2.39±0.15a 

0.1±0.00c 
 
0.1±0.07b 

12.6±0.21a 
 
10.9±0.18a 

0.77±0.08a 
 
0.57±0.08b 

8.71±0.18a 
 
7.84±0.99b 

0.51±0.2 
 
0.47±0.00 

5.5±0.21 
 
5.5±0.00 

75% whey /25%  Pine apple 2.21±0.07b 0.1±0.00c 10.7±0.21a 0.64±0.01ab 7.75±0.21b 0.58±0.4 5.0±0.14 

100% whey 2.34±0.37b 0.1±0.1a 6.9±6.70b 0.62±0.62b 3.84±3.60c 0.49±0.5 5.6±5.30 

      NS NS 

CV (%) 8.3 17.7 11.8 9.6 13.2 10.2 8.2 

            Means followed by the same letter(s) in a column are not significantly different at 5% P level. 
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Chemical composition of the beverage after 15 days of preservation 

The result of chemical composition of traditional whey and fruit blends pasteurized at 

80
0
C for 15 minutes and preserved for 15 days at 4

0
C is presented in Table 3. Except 

fat and total solids, all the other chemical parameters (protein, ash, lactose, titratable 

acidity and pH) of the beverages were not significantly (P<0.05) affected by blending 

proportions. The average total solids content of 100% traditional whey was 

significantly (P<0.05) lower than the three fruit blends.  
 

Microbial properties of the whey beverages 
Results of microbial load of traditional whey and fruit blends while it is fresh, after 

seven day preservation and 15 days preservation are presented in Table 4, 5 and 6, 

respectively. Preserved beverage samples were pasteurized at 80
0
C for 15 minutes and 

kept at 4
0
C. At fresh state, total bacterial counts, total coliforms, and yeast and molds 

were found to be significantly (P<0.05) affected by the blends (Table 4). Coliform, 

yeast and mold counts increased after storage. Total coliforms and yeast and mold load 

of preserved whey beverage samples showed no significant difference between 

treatments (Table 5 and 6). 
           
        Table 3.  Chemical composition of traditional whey beverages pasteurized and preserved for 15 days  
 

Treatment Chemical composition of whey beverage 
 

Protein (%) Fat (%) Total solids 
(%) 

Ash (%) Lactose 
(%) 

T. acidity 
(%) 

PH 

75% whey /25% 
mango 
80% whey/20% 
mango 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.93±0.19 
 
1.87±0.04 

0.2±0.01a 
 
0.1±0b 

12.00±0.28a 
 
12.13±0.40a 

0.68±0.04 
 
0.65±0.02 

7.72±1.15 
 
9.51±0.33 

0.56±0.02 
 
0.61±0.04 

5.4±0.1 
 
5.6±0.14 

75% whey /25%   
Pineapple 

2.08±0.03 0.2±0.07a 10.74±0.25b 0.70±0.03 9.43±0.85 0.74±0.02 5.5±0.14 

100% whey 2.17±0.03 0.1±0.0b 6.44±0.24c 059±0.02 3.44±0.35 0.60±0.21 5.8±0.00 

 NS   NS NS NS NS 

CV (%) 11.8 14.1 9.7 11.5 13.8 9.1 8.2 

          Means followed by the same letter(s) in a column are not significantly different at 5% P level. 

 
                         Table 4. Microbial load of fresh beverage made from traditional whey and fruit blends (log cfu/ml) 
               

 

 
 

 

 
 

 

 
              

 

Means   followed by the same letter in a column are not significantly different at 5% P level. 

Treatment T. bacterial count Total coliforms Yeast and molds 

75% whey/25% mango 9.19±0.15
a
 5.69±0.65

c
 5.80±2.84

b
 

75%whey/25%pineapple 9.98±0.40
a
 5.77±0.21

b
 6.98±1.81

c
 

80% whey/20% mango 9.63±0.41
b
 5.69±0.29

b
 7.17±1.47

d
 

100% whey  3.4±1.42
d
 5.59±1.55

b
 

CV (%)  13.2 9.6 
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     Table  5.  Microbial load of whey beverages after pasteurization and 7 days of preservation (log  cfu/ml) 

Means followed by the same letter(s) in a column are not significantly different at 5% P level, 

NS=non-significant 

  

      Table  6.  Microbial load of whey beverages after pasteurization and 15 days of preservation 
 (logcfu/ml) 

 

Treatment Total bacterial count Total coliform Yeast and mold 

75% whey/25% mango 8.61±0.44b 6.53±0.01 6.93±0.48 

80% whey/20% mango 7.95±0.30b 6.21±0.04 6.31±0.04 

75% whey/25% 
pineapple 

8.57±0.10b 6.83±0.22 7.41±0.25 

100% whey 9.61±0.26a 6.92±0.40 7.53±0.55 

  NS NS 

CV (%) 12.4 12.0 13.5 

                        Means followed by the same letter(s) in a column are not significantly different at 5% P level. 

 

Conclusion and Recommendation 
 
This study has shown that addition of 20 to 25% mango or 25% pineapple juices 

improve sensory property and nutritional quality of traditional whey. In general, 

blending whey with 20 to 25% mango or with 25% pineapple considerably improved 

overall acceptability of the beverages. The microbial quality in terms of aerobic 

mesophilic bacterial count, total coliforms and yeast and moldcounts of fresh and 

preserved whey beverages were below the standard. This information can be applied at 

household level to enhance the utilization of nutritious whey, which otherwise be 

wasted. Nevertheless, large scale demonstration of the technology should be carried 

out at community level to  ensure nutrition security in the country and practices that 

help prolong shelf life and improve packaging be developed for commercialization of 

the beverages. 
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Abstract 
 

Variety is one of the major factors that influence food from soybeans. This research was 

designed to evaluate milk and cheese making quality of eight popular soybean varieties. 

Standard methods of analysis were used to determine physicochemical characteristics 

of soymilk and cheese. Sensory qualities of milk and cheese prepared from different 

soybean varieties were evaluated using a five point hedonic scale. It was observed that 

soymilk and cheese yields of the varieties were in the range of 533-599% and 123-

134%, respectively. The soymilk and cheese extracted from the different varieties were 

found to be significantly different for all physicochemical properties. In general, the 

milk and cheese samples had good nutritional composition and fell within acceptable 

limits for sensory quality attributes, indicating that all the eight soybean varieties used 

in this study can be potential sources for soymilk and cheese processing and 

substitution of dairy products. 

 

Introduction 
 
The unavailability of nutritious food and the high cost of animal protein are the main 

causes of protein-energy malnutrition in Ethiopia. In this regard, soybean (Glycine 

max) is an important world commodity due to its wider range of geographical 

adaptation, unique chemical composition, good nutritional value, functional health 

benefits and industrial applications. On average, dry soybean contains roughly 40% 

protein, 20% oil, 35% soluble (sucrose, raffinose, stachyose, etc.) and insoluble 

(dietary fiber) carbohydrates and 5% ash (Liu, 2004). Globally, the market for 

soybean-based foods is continuing to grow and researchers in many institutions are 

undertaking intensive plant breeding program to develop new and improved varieties 

that have quality traits for soymilk and cheese production (Achouri et al. 2005). 

 

Soybean can be processed into many food products and cultivars with high protein 

content allow the production of foods with superior nutritional value and yield, such as 

soymilk and cheese (Schmutz et al., 2010; Liu, 1999), which are common forms of 

consumption of the crop in Ethiopia. Soymilk and cheese preparation generally 

includes blanching, soaking and grinding of soybeans in water, and filtering, boiling 

and coagulation of soymilk. At household level, soymilk is made by soaking the 

soybeans, grinding them in water, cooking the slurry and then filtering to remove 

sludge (Tangratanavale and Pan, 2003). Soybean ayib, one of the Ethiopian cottage 

type cheese also known as soybean curd similar to tofu, is made by coagulation of 
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heated soymilk with a coagulant, followed by molding and pressing the cheese to drain 

away the liquid whey.  

 

The yield, quality and texture of soymilk and cheese are influenced by many factors, 

such as variety of the crop (Chunmei et al., 2010; Walsh et al., 2010), processing 

method (Shih et al., 2006) and type and concentration of coagulant (Lim et al., 2006). 

Thus, the objective of the current study was to evaluate milk and cheese making 

quality of eight popular soybean varieties in Ethiopia. 

 

Materials and Methods 
 
Plant  materials  
Beans of eight popular soybean varieties, namely, Gishama, Awassa-95, AFGAT, Tgx-

13.3-2644, Nova, Belessa-95, Wegayen and Clark 63k were collected from Pawe 

Agricultural Research Center of the Ethiopian Institute of Agricultural Research.  

 
Soymilk and cheese preparation  
About 400 g cleaned bean of each soybean variety was blanched for 10 minutes in 

boiling water and soaked in 600 ml of tap water (1:3 soybean: water, w/v) overnight at 

room temperature. The swelled beans were drained, rinsed and de-hulled manually, 

then, wet-milled in a blender with hot tap water at a bean: water ratio of 1:8. The slurry 

was cooked with continuous stirring for 15 min, filtered using double layer muslin 

cloth. Half of the filtrate (soymilk) was again cooked for another 10 min to eliminate 

the cross contamination of microorganisms and cooled to room temperature for yield 

and physicochemical analysis of the soymilk. The remaining filtrate was lowered to 75 

°C to prepare soy cheese. Then, 100 ml of filtered lemon juice was added to 1000 ml of 

soymilk and the mixture stirred in the same direction and kept until coagulated. The 

mixtures were then poured over muslin cloth and the liquid pressed out. Yield of the 

collected cheese was measured and samples were freeze dried for further analysis. 

 
Determination of soymilk and cheese yield 
Yield of soymilk was calculated based on weight of soymilk obtained and weight of 

soybean grain used to prepare the milk using the following formula.  

 

 
 

Similarly, yield of soy cheese was calculated based on weight of cheese obtained and 

weight of soybean grain used to make the cheese. The yield was calculated as 

described by Andika et al. (2011). 
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Determination of pH and titratable acidity 

The pH of soymilk was measured with a calibrated digital pH meter (model Jenway) 

by taking 10 ml of soymilk sample (Gesinde et al., 2008). The pH of the soy cheese 

was determined by mixing cheese and distilled water in the ratio of 1:1 by taking 10g 

of soy cheese and 10 ml of distilled water and, then, it was measured with a pH meter 

(Rehman and Fox, 2002). Titratable acidity, in terms of % lactic acid, was determined 

by modifying the procedure of Egan et al. (1987) and titrating 10 ml of soymilk sample 

against 0.1N NaOH using a 0.5% phenolphthalein indicator to an end point of faint 

pink color. Percent lactic acid was calculated as follows. 

 

 
 
Proximate analysis 
Soymilk and cheese samples were dried using freeze dryer and methods developed by 

Association of Official Analytical Chemists (AOAC, 2016) were used to determine 

crude protein, crude fat, crude fiber, and moisture and ash contents of the powders. 

Protein content was determined by Kjeldahl (Kjeltec 8400, Auto Sample Systems, 

Foss, Sweden) using N conversion factor of 6.25 following method 954.10, AOAC 

(2016). Soxhlet method (Soxtec 8000, Tecator Line, and Foss, Sweden) was used to 

estimate crude fat according to method number 2003.06, AOAC (2016). Moisture 

content was determined by air conviction oven drying method as described in 925.10, 

AOAC (2016).  Ash was determined using the combustion method by a muffle furnace 

at 550 
o
C following the method described in 923.03, AOAC (2016).  

 

Sensory evaluation 
Soymilk and soy cheese were subjected to a sensory evaluation following the method 

of Kolapo and Oladimeji (2008). Thirty untrained panelists composed of males and 

females who were familiar with soymilk were selected for evaluation. The attributes 

considered for evaluation were color, aroma, taste, mouth feel and overall 

acceptability. Since the panelists were not trained, and to make the evaluation process 

consistent, a simple 5-point hedonic scale was used, where five stands for like very 

much and one for dislike too much, for each sensory attribute.  

 
Statistical analysis  
 
Data were subjected to analysis of variance using general Linear Model procedure of 

SAS software (SAS institute, 2002). The analysis for each parameter was done using 

triplicate samples and results were expressed as mean ± SD. Differences among means 

were accepted as statistically significant with P values < 0.05. Least significant 

difference (LSD) test was used to separate treatment means. 
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Results and Discussion 
 
Physicochemical properties of soymilk 
Soymilk samples were analyzed for milk yield, total solid, crude protein, crude fat, 

crude fiber, total ash, pH and lactic acid (Table 1). It was observed that soybean 

varieties showed significant differences (P < 0.05) for all physicochemical properties 

of soymilk, except for total solid content. Variety Clark 63k and Awassa 95 exhibited 

the highest and lowest soymilk yield, respectively. In line with this, Chunmei et al. 

(2010) and Walsh et al. (2010) have reported that yield, quality and texture of soymilk 

are highly influenced by variety of soybean. The soymilk yield recorded in the present 

study was also in agreement with the findings of Susu et al. (2013), who reported a 

range of 651.11±0.96 to 619.44±4.19% for non-germinated and germinated soybeans. 

The mean value of total solid content (5.55%) observed in the present study was 

comparable with the findings reported by Susu et al., (2013) (5.86±0.39) and greater 

than the average value reported by Gesinde et al., (2008) (3.78). As observed in the 

current study, Gesinde et al., (2008) have also reported average moisture content of 

96.22% for soymilk produced from different soybean varieties.  

 

Similarly, crude protein content of soymilk samples significantly differed (P < 0.05), 

with the highest value for variety Clark 63k (57.592.70), followed by AFGAT 

(57.14±0.93) and Awassa-95 (56.57±0.13), while the lowest value for Nova 

(53.020.62). The average value of crude protein content (55.28%) recorded in the 

present study was higher than the value (40.3±0.62) reported by Ogbonna et al. (2013) 
for soymilk prepared using hot extraction method. On the other hand, the average value 

of crude fat content (19.73%) recorded in this study was similar to the findings of 

Ogbonna et al. (2013) (19.80±0.42) for soymilk made by hot extraction method. 

Soymilk sample extracted from variety Awassa-95 had the highest crude fiber content 

(0.85%), whereas that of variety Tgx-13.3-2644 had the least value (0.42%) (Table1). 

The average ash content estimated in the current study (4.12%) was similar to what has 

been observed in some previous studies (Ogbonna et al., 2013).  

 

The pH of soymilk samples was in the range of 6.80 and 6.90. Similarly, Bansal and 

Kaur (2014) have reported a pH value of 6.85 to 7.05 for soymilk extracted from 

germinated and non-germinated soybeans. Furthermore, Gesinde et al., (2008) have 

also reported a pH range of 6.57-6.70 for soymilk samples extracted from different 

varieties of soybean. The titratable acidity of soymilk samples varied slightly and the 

value ranged from 0.012% - 0.020% (Table 1).  

 

Physico-chemical properties of soy cheese 
Soy cheese samples extracted from different varieties were found to be significantly (P 

< 0.05) different for all physicochemical properties (cheese yield, moisture content, 

crude protein, crude fat, crude fiber, total ash and pH) (Table 2). In line with this, 

Chunmei et al. (2010) and Walsh et al. (2010) have indicated that yield, quality and 

texture of soy cheese were highly influenced by variety of soybeans. Accordingly, the 

cheese yield obtained in the present study (123-134%) significantly varied among 

soybean varieties and was in agreement with the findings of Gartaula et al. (2013) and 
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John et al. (2015). Gartaula et al. (2013) have also reported cheese yield of 126-147% 

using commercial coagulants, while John et al. (2015) have found an average cheese 

yield of 105%.   

 

Crude protein content of tofu samples differed significantly and was in the range of 53-

57% (Table 2). The highest value was recorded for cheese prepared from beans of 

variety AFGAT (57%) and the lowest was for variety Nova (53%). cheese protein 

content estimated in the present study was similar to some previously reported values 

(Sarani et al., 2014; Gartaula et al., 2013). Cheese extracted from different soybean 

varieties also showed significantly ( P < 0.05) variations for fat, fiber and ash contents 

and for pH values, and these results were in agreement with the findings of Sarani et al. 

(2014), Gartaula et al. (2013), Ifesan and Oguntoyinbo (2012) and Nazim et al. (2013). 
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                                 Table 1. Physicochemical properties of soymilk processed from different soybean varieties in Ethiopia 
 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

Means with the same letter in a column are not significantly different (P > 0.05);  LA=Lactic Acid; CV=coefficient of variance; LSD=Least 
Significant Difference, wb=wet basis, db=dry basis 

Soybean varietye Yield (%) Total Solid 
(%wb) 

Protein 
(%db) 

Fat (%db) Fiber (%db) Total Ash 
(%db) 

pH % LA 

Gishama 555.874.66cd 5.150.04a 54.491.33ab 20.782.25ab 0.61±0.01c 4.240.02ab 6.860.01b 0.0180.001ab 

Awassa-95 532.514.78f 5.660.28a 56.570.13ab 20.511.65abc 0.85±0.01a 4.040.02bc 6.850.01b 0.020.001a 

AFGAT 551.694.14de 5.260.35a 57.140.93a 16.341.50cd 0.59±0.01d 4.670.42a 6.840.03b 0.01650.002b 

Tgx-13.3-2644 553.214.31de 5.270.20a 56.043.01ab 18.861.96bcd 0.42±0.00f 4.140.14ab 6.830.01bc 0.0120.002c 

Nova 569.224.59b 5.810.53a 53.020.62b 23.873.06a 0.43±0.01f 4.150.11ab 6.800.01c 0.01850.001ab 

Belessa-95 565.414.13bc 5.670.58a 53.150.78b 21.770.89ab 0.71±0.01b 3.500.33c 6.900.01a 0.01750.001ab 

Wegayen 544.004.23e 5.600.50a 54.220.19ab 20.821.69ab 0.48±0.01e 4.140.18ab 6.800.01c 0.01650.001b 

Clark-63k 599.154.70a 5.970.90a 57.592.70a 14.850.73d 0.43±0.01f 4.110.31b 6.830.01bc 0.01850.002ab 

Mean 558.88 5.55 55.28 19.73 0.56 4.12 6.84 0.02 

CV (%) 0.80 8.82 2.86 9.38 1.54 5.74 0.24 8.36 

LSD ( 0.05) 10.26 1.13 3.65 4.27 0.02 0.54 0.0382 0.0033 
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         Table 2. Physicochemical properties of soy cheese processed from different soybean varieties in Ethiopia 
 

Soybean varietye Yield (%) Moisture (%wb) Total Solid (%wb) Protein (%db) Fat (%db) Fiber (%db) Ash (%db) pH 

Gishama 127.251.65b 73.570.52bc 26.440.52ab 55.431.92abcd 31.471.50bc 0.98 ±0.03b 2.020.13abc 3.930.04c 

Awassa-95 125.080.54b 72.790.92bc 27.210.92ab 56.251.03ab 30.470.86c 0.77± 0.01cd 2.060.11abc 4.110.02b 

AFGAT 128.731.83ab 73.830.04ab 26.170.04bc 56.732.93a 27.920.39d 0.54±0.01f 2.060.03abc 4.040.02bc 

Tgx-13.3-2644 123.792.80b 74.930.12a 25.070.12c 53.490.80cd 31.810.71bc 0.58±0.01e 1.930.11bc 4.140.02b 

Nova 134.034.16a 72.970.17bc 27.030.17ab 53.040.77d 33.880.24a 0.74±0.01d 1.910.03bc 4.110.11b 

Belessa-95 123.352.79b 73.770.58ab 26.240.58bc 54.270.85bcd 32.680.75ab 1.13±0.01a 1.810.04c 4.070.05b 

Wegayen 127.051.28b 73.200.56bc 26.800.56ab 55.280.13abcd 31.060.23c 0.36±0.01g 2.140.11ab 4.130.06b 

Clark-63k 127.164.05b 72.450.70c 27.550.70a 55.770.14abc 31.230.89c 0.78±0.01c 2.220.19a 4.270.02a 

Mean 127.05 73.44 26.56 55.03 31.32 0.73 2.02 4.10 

CV (%) 2.08 0.74 2.03 2.51 2.55 2.10 5.29 1.29 

LSD ( 0.05) 6.08 1.25 1.25 2.39 1.38 0.04 0.25 0.12 

    Means with the same letter in a column are not significantly different (p > 0.05); CV=coefficient of variance; LSD=Least Significant Difference; wb=wet basis, db=dry basis. 
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Sensory evaluation of soymilk and cheese 
The sensory responses of soymilk and cheese prepared from different soybean varieties 

are presented in Table 3 and 4. In general, the milk and cheese samples were within 

acceptable limits, indicating milk and cheese making potential of all the soybean 

varieties used in the current study. Except for aroma of cheese, where the difference 

was not significant, all sensory attributes showed significant difference between the 

varieties (P<0.05). In line with this, it has been reported that sensory quality of soymilk 

and cheese is affected by many factors, such as genotype of soybean, processing 

method and environmental conditions (Min et al., 2005 and Terhaag et al., 2013). 

Besides, seed color of soybean, which is in fact genotype dependent factor, may also 

affect the color of products (Antarlina et al., 2002), as white or creamy white color is 

the desirable soymilk and cheese characteristic (Hou and Chang, 2004).  

 

In the present study, soymilk from variety Gishama and AFGAT had better 

acceptability in terms of color. Texture score value of the soy cheese ranged between 

3.4 and 3.9 (Table 4). In line with this, it has been reported that coherent, smooth and 

firm textures are preferred types of soy cheese, whereas hard and rubbery is not 

desirable. Such characters are also related to the fat content where higher fat in cheese 

makes the protein link weaker, entrap more water and makes them softer (Poysa and 

Woodrow, 2002). In general, based on the mean values of the entire sensory attributes, 

it was observed that soymilk obtained from variety AFGAT and cheese obtained from 

Clark-63k and Wegayen were most preferred.  

 
        Table 3. Sensory scores (1-5 scale) of soymilk prepared from different soybean varieties. 
 

Soybean varietye Color Aroma Taste Mouth Feel Overall Acceptability 

Gishama 3.671.09a 3.131.11bcd 3.170.99ab 3.270.87a 3.401.00ab 

Awassa-95 3.130.94bc 3.100.96cd 3.071.01abc 3.131.07ab 3.201.00b 

AFGAT 3.570.86a 3.530.94a 3.400.97ab 3.370.89a 3.570.94a 

Tgx-13.3-2644 2.800.96d 2.970.89d 2.670.88c 2.870.82b 2.800.85c 

Nova 3.230.86b 3.331.03abc 3.000.95bc 3.100.92ab 3.400.93ab 

Belessa-95 3.100.88bc 3.430.97ab 3.170.95ab 3.200.89a 3.470.90ab 

Wegayen 2.930.94cd 3.330.99abc 3.430.97a 3.330.96a 3.500.97ab 

Clark-63k 3.271.05b 3.171.05bcd 3.330.99ab 3.271.01a 3.270.94ab 

Mean 3.21 3.25 3.15 3.19 3.33 

CV (%) 5.25 5.43 7.26 5.78 6.24 

LSD ( 0.05) 0.30 0.31 0.40 0.32 0.36 

Means with the same letter in a column are not significantly different (P  > 0.05);  CV=coefficient of variance; 
LSD=Least Significant Difference. 
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Table 4. Sensory scores (1-5 scale) of soy cheese prepared from different soybean varieties 
 

Soybean varietye Color Flavor Taste Texture Overall Acceptability 

Gishama 3.531.20ab 3.470.94a 3.500.86c 3.730.83ab 3.701.02b 

Awassa-95 3.571.07ab 3.431.04a 3.430.94c 3.501.07b 3.870.94ab 

AFGAT 3.830.95a 3.601.00a 3.630.81bc 3.501.11b 3.930.87ab 

Tgx-13.3-2644 3.631.13ab 3.670.76a 3.700.84abc 3.700.99ab 3.731.01b 

Nova 3.501.14ab 3.530.94a 3.600.97bc 3.400.93b 3.631.07b 

Belessa-95 3.271.14b 3.431.01a 3.531.01bc 3.670.99ab 3.601.07b 

Wegayen 3.871.04a 3.630.96a 4.000.53a 3.870.86a 3.900.99ab 

Clark-63k 3.431.22ab 3.471.04a 3.830.83ab 3.930.91a 4.170.65a 

Mean 3.58 3.53 3.65 3.66 3.82 

CV (%) 7.33 7.12 5.15 5.53 5.25 

LSD ( 0.05) 0.46 0.44 0.33 0.35 0.35 

Means with the same letter in a column are not significantly different (p > 0.05);  CV=coefficient of 

variance; LSD=Least Significant Difference. 

 

Conclusion 
 
Physicochemical properties and sensory quality of soymilk and cheese significantly (P 

< 0.05) varied with soybean varieties. In general, all the milk and cheese samples had 

good nutritional composition and fell within acceptable limits, indicating that the eight 

soybean varieties used in this study can potentially be used for soymilk and cheese 

processing and, thus, substitution of dairy products. 
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Abstract 

 
The objective of this research was to study the nutritional and baking quality of newly 

released bread wheat varieties by the Wheat Improvement Program (WIP) of the 

Ethiopian Institute of Agricultural Research (EIAR). Grain hardness and softness, 

proximate composition, gluten content, falling number and bread sensory quality of five 

newly released bread wheat varieties (Wane, Hidasse ,Ogolcho, Kingbird and Lemu) 

and two varieties released earlier (Pavon and Kubsa) and grown at Kulumsa 

Agricultural Research Center were evaluated. Thousand kernel weights (TKW) of the 

newly released bread wheat varieties were found to be in the range of 35g (Kingbird) to 

46.5g (Hidase), while the checks Kubsa and Pavon scored 42.5g and 43g, respectively. 

Hectoliter weight (HW) of grains of the cultivars followed almost closer trend as TKW 

and ranged between 78.4kg/hl (Kingbird) and 81.7kg/hl (Ogolcho), while the checks, 

Kubsa and Pavon, scored 85.9kg/hl and 86.1kg/hl, respectively. Results of grain protein 

content and single kernel characterization indicated that, except Hidase, all the 

cultivars could be considered as hard wheats that are suitable for making leavened 

baked products. From this study, it was concluded that the gluten quality and quantity, 

protein content, bread baking quality and sensorial quality of the five bread wheat 

varieties were acceptable and can be used for production of bread.  

 

Introduction 
 
Wheat (TriticumaestivumL.) is the most important cereal crop and staple food of about 

two billion people around the world (FAO,2016).Commercially cultivated wheat is 

basically of two types, i.e. durum wheat (Triticum turgidum) and bread wheat 

(Triticum aestivum), which differ in their genetic makeup, adaptation and uses. It is 

estimated that almost 90% of the total wheat produced is used for bread production. In 

terms of production and consumption, wheat is one of the main  cereals grown in 

Ethiopia also as it is is produced by about 4.6 million farmers producing close to 4.2 

million tons that  cover 1.6 million hectares of land per annum (CSA,2015). 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Triticum+aestivum
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According to the same source, the average productivity of wheat in the country has 

been consistently increasing for the last 20 years and has reached about 2.5 t/ha. This 

was due to the efforts done in the use of recommended inputs like fertilizer, improved 

varieties and cultural practices (which the results of the national agricultural research 

system). However, the increase in the total production in the recent years has been 

somewhat slow mainly because of rust epidemics. This contributed to the wheat 

production lag behind consumption making the country to be net importer and the 

volume of annual imports is increasing over the years. In order to curve a trend the 

government is working to increase rapidly the total production to achieve self-

sufficiency.Availability of high yielding and disease resistant wheat varieties with 

competent nutritional and processing quality is one of the critical factors that can 

contribute to the effort. Therefore, the national agricultural research system is working 

to address issue and so has released a number of improve varieties. 

 

Recently, in addition to the focus for high yield, the national wheat research programis 

being pressured to revise its priority and to focus on quality-oriented breeding. Wheat 

quality depends upon the genetic factors but, environmental conditions, growth 

locations; agronomic practices prevailing during different wheat growth stages greatly 

alter the wheat end-use quality attributes (Kent and Evers, 1994). Generally, bread 

wheat quality refers to its suitability for making baked products, which is based on 

physical, chemical and nutritional properties of the wheat grain. Protein content is a 

key quality factor that determines the suitability of wheat for a particular type of 

product as it affects other factors including mixing tolerance, loaf volume and water 

absorption capacity (Shah et al., 2008). Both protein quantity and quality are 

considered important in estimating the potential of flour for its end use quality 

(Farooqet al., 2001).The sensory qualities of bread are affected by wheat variety 

composition, method of milling, storage conditions, rheological properties, kneading 

techniques, baking method and temperature (Siddique, 1989). Wheat is grown over 

wide agro climatic range and is expected to exhibit yield and quality differences 

(Chaudhryet al., 1995). Therefore, this study was done to evaluate nutritional, sensory, 

and baking quality of bread wheat varietiesnewly released by the national bread wheat-

breeding program. 

 

Materials and  Methods 
 
Materials and milling 

 
Five recently released bread wheat varieties (Hidase, Ogolcho, Lemu, Wane and 

Kingbird) for high yield and disease resistance and two older varieties (Pavon and 

Kubsa -used as a check) were included in the study. The wheat samples were collected 

from Kulumsa Agricultural Research Center grown in the 2015/16 cropping season. 

The grain samples were manually cleaned and made ready for analysis. 
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Grain samples were completely floured using Perten Laboratory Mill 120 (Pertern 

Instruments, Sweden) fitted with 0.8 mm sieve. Flours immediately packed in to 

polyethylene bags and stored at 4
o
C until flour physicochemical analysis andbaking 

test is done. 

 
Grain physical characteristics 
Wheat samples were uniformly divided through Boerner Divider to get representative 

sample for grain physical quality characteristics analysis. Characteristics of Grain 

physical quality analysis, such as thousand-kernel weight, hectoliter weight, grain 

purity and germination potential were done as described in AACC method (AACC, 

2000). 

 

Single kernel characterization system (SKS) (Single Kernel Characterization, SKCS 

4100), a special equipment, was used to determine the weight, diameter, 

hardness/softness and moistureof a single kernel.  In an instrument 12 to 16 grams of 

wheat sample free from broken kernels, weed seeds, and other foreign material was 

poured into the access hopper of the equipment and for each parameter mentioned 

above processed of 300 kernels was obtained.  

 
Protein and ash content 
The protein, ash and moisture content in the whole flours of bread wheat varieties were 

determined using near infrared (NIR) spectroscopy (NIR Grain analyzer model 1241) 

as described in AACC (2000). 

 
Gluten content  
Glutomatic system (Perten Instruments, Sweden) was used to determine wet and dry 

gluten as stated in AACC (2000). Where ten grams of flour samples were weighed and 

placed into the glutomatic-washing chamber on top of polyester screen, then every 

flour sample was mixed and washed with 2% salt (NaCl) solution for 5 minutes. Then 

the wetgluten was removed from the washing placed in the centrifuge holder and 

centrifuged to stop automatically. After this, the wet gluten passed through the sieve 

was quantified by weighing. The dry gluten content was then determined by weighing 

after drying the wet gluten dried in a Glutrok 2020 heater to give dry gluten.  

 
Falling number  
Falling Number was determined by using the standard method stated in AACC (2000) 

utilizing falling number analyzer (Falling No.1500, Perten Instruments, Sweden).  

 
Bread making 
The bread type prepared for the study was on cultural Ethiopian bread type made from 

completely floured bread wheat called ''diffo'' and the commonly known procedure was 

followed. The formulation utilized was 2 cups bread wheat whole flour, 1 cup of 

tapwater and 1 small cup of dried yeast.  
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Sensory evaluation 
Sensory parameters included in the bread sensory analysis were color, taste, flavorand 

texture. The evaluation was carried out by 20 panelists and the samples were presented 

in succession.The panelists were asked to rate the samples a 5- point Hedonic scale as 

described in Land and Shepherd (1988).  

 
Statistical analysis 
 
The data collected were subjected to analysis of variance (ANOVA) by using SAS 9.1 

software and SPSS version 20.0 for Windows (SPSS Inc, Illinois, USA). The mean 

separation was done with significant level of p<0.05 using a Fischer / LSD test. 

 

Results and discussion 
 
Grain physical characteristics 
The physical characteristics of the grains of the bread wheat varieties are shown in 

Table 1. Thousand kernel weights (TKW) of the newly released bread wheat varieties 

were found to be in the range of 35g (Kingbird) to 46.5g (Hidase) while the checks 

Kubsa and Pavon scored 42.5g and 43g, respectively. The hectoliter weight (HW) 

score of the grains of the cultivars followed almost closer trend as TKW and it ranged 

between78.4kg/hl (Kingbird) to 81.2kg/hl (Hidasie) and 81.7kg/hl (Ogolcho) while the 

checks Kubsa and Pavon scored 85.9kg/hl and 86.1kg/hl respectively. The flour yield 

of the cultivars is expected to vary according to the TKW and HW they scored because 

the parameters are indicators of the flour yield (Leszcznyska and Cacak-Pietrzak, 

2004). Purity scores of the grains were almost equivalent and lied between 97.9% to 

98.9% and this could be due to the cleaning done before the test. Wider variation was 

observed in the germination potential of the newly released varieties (85.8%, Wane to 

96.1 Kingbird) while the older varieties had 98.5% (Kubsa) and 98.9% (Pavon). 
 
                                 Table 1. Grain physical properties of bread wheat varieties 
  

Wheat TKW 
(g) 

HW 
(Kg/hl) 

Purity 
(%) 

Germination potential 
(%) 

Hidase 46.50 81.20 98.90 88.75 

Kingbird 35.00 78.40 98.35 96.10 

Lemu 39.50 80.65 96.39 86.25 

Ogolcho 40.95 81.80 97.94 90.93 

Wane 35.00 80.19 98.95 85.80 

Pavon 43.00 86.12 98.89 98.93 

Kubsa 42.50 85.87 98.22 98.49 

                                TKW= Thousand Kernel Weight, HW= Hectoliter Weight 

 

Results of the single kernel characterization (SKC) are depicted in Table 2. Available 

grain moisture in the kernels measured using SKC varied between 12.98% and 

13.97%. Single kernel weight of the new cultivars ranged of 35.5mg (Kingbird) to 

45.2mg (Hidase) while the checks Kubsaand Pavon scored 23.4mgand 34.5mg, 

respectively. The mean diameters of the kernels of the cultivars varied in almost 
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similar fashion with the kernel weight: Between 2.7mm (Wane) and 2.8mm (Kingbird) 

to 3.0mm (Hidasie), while the checks scored 2.7mm (Pavon) and 2.8mm (Kubsa). 

  

In addition, both single kernel weights and kernel diameters of the cultivars had nearly 

the same trend as TKW and HW as they all are indicators of how much the grains of 

the cultivars were plumb which indicate the potential flour that can be extracted per 

unit weight of wheat grain. 

 

Cultivars with higher TKW, HW, single kernel weight and diameter could give higher 

amount of flour per unit weight of grain. The newly released cultivars seem to be softer 

because the hardness index of their kernels (which ranged from 30.6%- Hidase to 

72.6%-Wane) less than those of the older varieties (87.7% -Kubsa and 92.4- Pavon). 
                 
                 Table 2: Results of Single Kernel Characterization (SKC) test 
 

Variety Grain Moisture 
(%) 

Single Kernel Weight 
(mg) 

Kernel Diameter 
(mm) 

Hardness index 
(%) 

Hidase 13.40  ± 0.06 45.20  ± 1.30 3.02  ± 0.02 30.58  ± 1.70 

Kingbird 13.19  ± 0.02 35.54  ± 0.17 2.75  ± 0.08 61.43  ± 0.70 

Lemu 13.17 ± 0.02 40.46  ± 0.53 2.93 ± 0.03 62.16 ± 0.63 

Ogolcho 12.98 ± 0.03 40.06  ± 0.87 2.80 ± 0.04 66.53 ±0.70 

Wane 13.08 ± 0.06 35.61 ± 0.32 2.66  ±0.05 72.58  ± 0.68 

Pavon 12.90 ± 0.01 34.47  ± 0.47 2.72 ± 0.03 92.41 ± 0.37 

Kubsa 13.97 ± 0.07 23.40  ± 0.27 2.78  ± 0.01 87.69  ± 2.01 

 
Flour chemical quality 
The moisture contents in completely floured samples significantly varied (p<0.05) 

from measured from 12.07% (Hidasie and Kingbird) to 12.95% (Kubsa) showing some 

differences with the result from SKC (Table 3). This could be due to the differences in 

the methodologies utilized. Important (p<0.05) variation was observed in the protein 

contents of the bread wheat varieties. Protein is one of the critical quality components 

that influence most of wheat grain baking quality characteristics like bread volume. 

Among the newly released varieties, Wane (15.43%) had significantly higher protein 

content than all the remaining new and older cultivars.Except Hidase (11.3%) the 

newly released varieties scored higher protein content than Pavon (12.1%). However, 

Kubsa (14.3%) had significantly higher protein content than Hidase (11.3%), Ogolcho 

(13.5%), Lemu (13.4%), and Kingbird (13.7%). Except Hidase the protein contents of 

all the varieties were >12% and this could make them to be categorized under hard 

bread wheat thatis suitable for leavened bread preparation.In general the protein 

content of the newly released varieties was in the range recommended for bread wheat. 

Results of the present study were in consistent with the findings of Soboka et al. 

(2017). The ash contents of the seven varieties evaluated in this study had also 

important (p<0.05) differences and they varied between 1.0 % (Lemu) and 1.3% 

(Hidase and Kubsa). 
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Table 3: Protein and ash contents of the durum wheat varieties  
 

Variety Moisture Protein Ash 

Hidase 12.07 ± 0.03 d 11.31 ± 0.10 f 1.28 ± 0.03a 

Kingbird 12.38 ± 0.12 c 13.71 ± 0.07 c 1.20 ± 0.04 c 

Lemu 12.07 ± 0.04 a 13.44 ± 0.09 d 0.96 ± 0.05b 

Ogolcho 12.56 ± 0.01 b 13.50 ±  0.07 d 1.20 ± 0.02c 

Wane 12.47 ± 0.60 b 15.43 ± 0.08a 1.20 ± 0.06c b 

Pavon 12.53 ± 0.03 b 12.12 ± 0.03g 1.02 ± 0.03 b 

Kubsa 12.95 ± 0.14a 14.30 ± 0.04 b 1.28 ± 0.05a 

Values are mean ± SD and those with different letter are significantly 
different (P < 0.05). 

 
Gluten content and falling number 
The gluten protein is the major part of the total protein in wheat grain. Wet gluten 

content gives a good indication of wheat protein content. Dry gluten is now being 

measured after removal of water from wet gluten to get a more consistent comparison 

of gluten content among samples.The wet and dry gluten contents of the cultivars 

varied between 27.8% to42.4 percentage and 9.1% to 15.9%, while their gluten index 

ranged between 80.5% and 91.7% (Table 4). This range is in agreement with the report 

by Soboka et al. (2017) on some Ethiopian bread wheat varieties. Falling number 

indicates the alpha amylase activity in the wheat flours. All samples had high falling 

numbers (589s to 929.5s), which is similar with what is usually reported.  

 
 Table4: Analysis of gluten quality and quantity and falling number of the varieties. 
 

Variety Wet gluten content (%) Dry gluten content  (%) Gluten Index (%) Falling number  (s) 

Hidase 42.40 ± 0.43a 9.10 ± 0.07 80.50 ± 0.08 a 674.00 

Kingbird 39.98 ± 0.45 b 9.55 ± 0.77 83.00 ± 0.14 a 722.00 

Lemu 30.80 ± .28 c 11.54 ± 0.62 90.50 ± 0.70a 726.50 

Ogolcho 27.81 ± 0.57 d 10.27 ± 0.44 91.66 ± 0.75a 929.50 

Pavon 41.85 ± 0.21a 15.91 ± 0.26 90.65 ± 0.67b 731.50 

Wane 31.12 ± 0.17 f 10.41 ± 0.12 87.92 ± 0.25c 589.00 

Kubsa 29.95 ± 0.23 g 10.75 ± 0.21 88.13 ± 0.17d 852.00 

 Values are mean ±SD and those with different letter are significantly different (P <0.05). 

 
Bread sensory evaluation 
The results of the sensory analysis of the bread samples produced from newly released 

bread wheat varieties are presented in Table 5. Visible variations in the bread volume, 

color and overall acceptability were observed of the bread samples from the different 

varieties studied. For instance, breads from Wane, Hidasse, and Ogolcho had the 

highest color and bread loaf volume scores, whereas breads from Kingbird and Lemu 

showed the lowest color and loaf volume. However, their texture and taste were almost 

similar. In general, the breads obtained from the new cultivars were acceptable to the 

panelists.  
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  Table5: Sensory evaluation of bread made from wheat varieties 
 

Variety Loaf volume Color Texture Taste Overall acceptability 

Hidasse 3.56±0.96 a 3.63±0.50 b 3.00±1.10 a 3.44±0.81 a 3.50±1.21 b 

Kingbird 2.94±1.06 b 3.50±0.89bc 3.19±1.05 a 3.31±1.01 a 3.31±1.19b 

Lemu 2.44±1.21 b 3.75±0.93 b 3.13±1.02 a 3.75±1.06 a 3.63±1.02 b 

Ogolcho 3.19±1.17ab 3.56±1.09 b 3.00±0.97 a 3.63±1.02 a 3.19± 0.91c 

Wane 3.38±1.15ab 3.25±1.06c 3.13±1.26 a 3.44±1.09 a 3.50±1.15 b 

Pavon 3.31±0.87ab 3.06±1.12 c 3.13±1.15a 3.50±1.03 a 3.56±1.09 b 

Kubsa 3.56±0.81a 4.25±0.68 a 3.50±0.89 a 3.69±0.87 a 4.00±0.82a 

      Values are mean ±SD, and those with the same letter are not significantly different at 

P ≥ 0.05. 

 

Conclusions 
 
The results of this research illustrated the variations between newly released and the 

older bread wheat varieties (used as checks) in their grain physical properties, flour 

chemical properties, and bread sensorial characteristics. Except Hidase, which could be 

classified as soft wheat, all the new bread wheat varieties could be considered as hard 

wheat and suitable for leavened bread preparation. However, as this study is just a 

preliminary evaluation, flour physicochemical and rheological properties and 

controlled baking, which can give a better insight in to the quality of recently released 

varieties and feedback to bread wheat-breeding program, should be investigated.  
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Abstract 
 
In Ethiopia, more than 35 improved tef varieties have been released and disseminated 

to the farmers. However, so far the focuses of the improvement areas were better yield 

and good agronomic traits giving little emphasis to quality related parameters. This 

study was, therefore conducted to generate base line information on proximate and 

mineral composition of released tef varieties and to determine their nutritional quality. 

All the released tef varieties and local check were grown at three locations (DebreZeit, 

Chefedonsa and Alemtena) under uniform agronomic condition and their proximate 

composition (moisture, ash, crude protein, fat, fiber, and starch). Inaddition,   mineral 

content (Ca, Fe, and Zn) were analyzed and compared.The results showed that variety 

and growing location had significant (p<0.05) effect on almost all the proximate and 

mineral contents of the 35 cultivars. The findings from the present study could serve as 

baseline for future breeding, agronomic and processing activities. However, this study 

was limited to the primary grain qualities and single planting season. Therefore, further 

studies on the grain nutritional and antinutritional contents, suitability for  making 

injera and development of new tef based food products should be carried out and 

primary grain quality and process optimization should be done. 

 

Introduction 
 
Tef (Eragrostis tef) is a major staple food for over two third of the 100 million people 

in Ethiopia (FAO, 2015).  According to Ethiopian central statistical agency, 2016/17 

report, tef cultivation takes up the largest amount of land under cereal cultivation 

(24.49%, 3.014 million hectares).  It is the second largest crop after maize in terms of 

grain production 17.29%, 50.20 million quintals) in Ethiopia. Tef is mostly cultivated 

in the central, eastern and north highlands of Ethiopian (Birara, 2017). Its grain flour is 

mainly used for preparing injera, which is the favorite national dish of most Ethiopians. 

The international popularity of tef is also rapidly growing as a gluten free healthier 

alternative to wheat (Dekking et al, 2005 and become one of the latest super foods, like 

the ancient Andean grain quinoa. Because of its gluten-free diets, it is suitable for 

diabetic and celiac disease affected people in the world (Gujral et al., 2012). In 

connection to its medicinal values, interests are growing in many countries to utilize tef 

for production of gluten free foods (Mekonnen et al 2014). 

 

In terms of its nutritional values, tef stands at least at a comparable level with those of 

other major cereals like wheat, maize, barley and sorghum that have globally 

significant; while it is ‘rich in iron content as compared to other cereals (Asrat and 

Frew, 2001). It is consists of about  8 to 11 % protein, 80 % carbohydrates, 73 % 
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starch, 3 % crude fibre and 2.5 % fat (Bultosa&Taylor 2004). It is composed of 

complex carbohydrates with slowly digestible starch (Kaleab Baye, 2014). The 

Minerals content of tef such as calcium (165 mg/100 g), iron (15.7 mg/100 g) and Zinc 

(4.8 mg/100 g) are present in appreciable amount (Bultosa, 2007).Despite having a 

very good nutrient, the studies on the nutritional composition of tef and its processing 

quality and development of new tef-based food products are not sufficient. The 

chemical composition also widely depends on the environmental conditions, soil, 

variety and fertilizer (Mekonnen et al 2014). For that reason, the comparison of the 

released and improved tef varieties is very important to determining their nutritional 

worth, and advising farmers and consumers in Ethiopia as well as international market. 

 

In the last decades, more than 35 improved tef varieties have been released and 

disseminated to the farmers for improve productivity. However, mainly focus to 

release crop verities with better yield and good agronomic traits with little emphasis on 

some quality parameters. Lack of knowledge on thenutritional quality of each tef 

varieties might have contributed to affect the processing quality of differenttef-based 

food products. The general objective of this activity is therefore, to generate base line 

information and robust quality database for released tefvarieties. The specific objective 

isto evaluate the proximate and mineral composition of the released tef   varieties as an 

index of their nutritional worth. 

 
Materials and Methods 
 
Materials  
A total of 35 released tef varieties and a local check were grown in three locations at 

DebreZeit, Chefedonsa and Alemtena areas. The experiment was conducted in a 

randomized complete block design (RCBD) with three replication of each site. The Tef 

yield samples were collected from the field at all location was brought in to the 

laboratory for quality parameter analysis.Similar agronomic practices according to the 

recommendation for the area were exercised for all varieties and locations. At maturity, 

the grains were harvested, processed and taken to Laboratory at DebreZeitAgricultural 

Research Center (DZARC).  

 

The tef grain samples were manually cleaned very carefully by sieving, winnowing, 

sifting and sorting with handing picking to remove the stones, foreign materials (large 

chaff, dusts, and soils) and other cereals.The grain samples were milled using a 

laboratory scale mill and the flours were packed and sealed with polyethylene bags and 

stored at 4
o
C until analysis. 

 

Proximate composition and mineral content  
The Proximate compositions(Moisture, Ash, Crude Protein, Fat, Fiber, and Starch) of 

the samples were determined using the AOAC (2000) method. Moisture content was 

determined by drying to a constant weight at 100
0
C and calculating moisture as the loss 

in weight of the dried tef grain samples. Total ash was determined by Furnace using 

gravimetric method as percentage loss in weight on ignition. The crude protein content 

inthe tsamples was determined using the Microkjeldahl method which involved protein 
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digestion and distillation. Crude fiber was estimated by acid-base digestion. Total fat in 

the sample was measured using Soxhlet extraction.Then the carbohydrate content in 

the samples was estimatedas the difference between 100 and the sum of the 

percentages of moisture, protein, total fat, and ash.The Energy values in Kcal/100g 

determine as   the sum of 4 times carbohydrate, 4 times protein and 9 times fat. Mineral 

contents (Ca, Fe, Zn, K) of the samples were determined by atomic absorption 

spectrometer as described in AOAC (2000) method.  

 

Data analysis  
 
All data were analyzed by the Analysis of Variance (ANOVA) procedure using SAS 

software version. The means separation wasdone by the least significant difference 

(LSD) at 5 % probability level. Interrelationships among quality parameters were 

estimated using the Pearson’s correlation coefficient. 

 

Results and Discussion 
 
Proximate compositions of the tef varieties 
The result of proximate composition of the 35 tef varieties is shown in Table 1 and 2. It 

was found that moisture content of the varieties ranged from 8.12-11.62%,  ash content 

1.60-4.14% %, crud fiber  2.57-3.99%, protein content 7.78 -14.22% and  crude fat 

2.64 – 3.27% %. The observed results are closely corresponding to the results reported 

by Bultosa 2007. Similarly, the results agreed with the mean values for nine tef 

varieties obtained by Bultosa and Taylor (2004):11.15 % crude proteines of, 2.5 

%crude fat (3.32%crude fiber, 2.8% ash (and10.5% moisture contents. The moisture 

contentsoftef varieties were in a range reported for filed dried tef grains.The ash 

content varies due to tef grain’s proportionally high bran content (Bultosa& Taylor, 

2004) (Table 2). The ash content of a food sample gives an idea of the mineral 

elements present in the food sample and also level of bran in the flour obtained from a 

given cereal grain. 

 

The proximate values were statistically different (p<.05) among all tef varieties (Table 

1). A comparison of means showed that the protein content of tef varieties ranged from 

9.86-12.90% that was closer to the finding by Bultosa (2007). The local cheek variety 

had the highest value of protein, followed by Tseday (DZ-Cr-37), Etsub (DZ-01-3186), 

“Quncho(DZ-cr-387) and Mechare(ACC.205953), while Zobel(DZ-01-1821) had the 

least value followed by Ajora (PGRC) E205396 and Dima (DZ-01-2423).Similarly, 

Bultosa (2007) reported that the grain protein contents of 13 tef varieties ranged from 

8.7–11.1 % with mean value of 10.4 %. The grain protein in DZ-Cr-37 (11 %), DZ-Cr-

255 (11.1%) and DZ-01-1281 (11.1 %) varieties were the highest; and that of DZ-01-

1285 (8.7 %) was the lowest. Belay et al. (2005) also reported the grain protein 

contents of 13 releasedtef varieties, which are also included in this study, ranged from 

8.7 % to 12.4% with a mean value of 11.0 %. 
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Both tef variety type and growing location had significant (p<0.05) effect on the crude 

protein contents of the tefvarieties. This could be could be due to the genotype 

variations and environmental differences (soil type, climate, etc.). The mean protein 

content of the 35 cultivars studied lied in the range reported by earlier workers (Table 

2).Generally the average protein levels of thetefcultivars studied werecomparable to 

that of barley, wheat, maize and pearl millet, and higher than that of rye, brown rice 

and sorghum(Mekonnen et al 2014). In addition, the protein type available in tef is 

considered as nutritionally superior because of its highlevels of amino acid profile 

(FAO 1970) and this makes tef to be potential ingredient for designing nutritionally 

enhanced foods.  

 
Table 1. The proximate compositions of the Tef varieties at DebreZeit, Chefedonsa and Alemtena 
 

Variety  Moisture 
(%) 

Ash (%) Protein 
(%) 

Fat   (%) Fiber (%) Carbohydrate 
(%) 

Energy 
(Kcal/100g) 

Ajora (PGRC)E205396 
10.30

a-d
 2.42

abc
 9.87

e
 2.91

e-m
 3.20

gfdeh
 

71.29a 350.81a-g 

Amarech (HO-cr-136) 
10.41

a-d
 2.47

abc
 11.20

a-e
 2.66

no
 3.13

gfeh
 

70.14a-e 349.28c-g 

Ambo toke (DZ-01-
1278) 

10.34
a-d

 2.24
bc

 11.29
a-e

 2.92
e-m

 3.12g
feh

 
70.09a-e 351.80a-f 

Asgori (Dz-01-99) 
10.44

a-d
 2.12

bc
 10.12

edc
 3.20

bac
 3.72

ba
 

70.41a-e 350.88a-g 

Boset (DZ-CR-409) 
10.35

a-d
 2.51

ba
 11.20

a-e
 2.76

l-o
 3.24

gfdeh
 

69.94a-e 349.40b-g 

Dega tef(DZ-01-2675) 
10.18

b-d
 2.25

bc
 11.04

a-e
 3.05

a-h
 3.27

gfdeh
 

70.22a-e 352.45a-d 

Dima (Dz-01-2423) 
10.36

a-d
 2.28

bc
 9.92

ed
 2.96

e-l
 3.33

gfdec
 

71.15ab 350.92a-g 

Dukem (DZ-01-974) 
10.20

b-d
 2.78

a
 10.75

a-e
 2.78

j-o
 3.36

fdec
 

70.13a-e 348.54efg 

Enatite (DZ-01-354) 
10.64

a-c
 

2.26abc 
10.19

edc
 2.78

k-o
 3.52

bdac
 

70.61-e 348.19fg 

Etsub(DZ-01-3186) 
9.98

cd
 

2.27bc 
12.29

bac
 2.82

j-o
 3.07

gfh
 

69.58a-e 352.85abc 

Gemechis(DZ-CR-387) 
9.94

cd
 

2.48abc 
11.77

a-e
 2.64

o
 3.27

gfdeh
 

69.9a-e 350.44a-g 

Genete(DZ-01-146) 
10.63

a-c
 

2.23bc 
10.96

a-e
 2.84

h-o
 3.10

gfeh
 

70.24a-e 350.38a-g 

Gerado(DZ-01-1281) 
10.90

a
 

2.39abc 
12.06

a-d
 2.76

l-o
 2.98

ga
 

68.9a-e 348.68d-g 

Gibe (DZ-Cr-255) 
10.11

b-d
 

2.15bc 
11.47

a-e
 2.81

j-o
 3.09

gfeh
 

70.37a-e 352.62abc 

Gimbichu(Dz-01-899) 10.73ba 2.43abc 
10.38

ebdc
 3.00

c-j
 3.72

ba
 

69.73a-e 347.50g 

Gola(DZ-01-2054 ) 
10.33

a-d
 

2.00c 
11.76

a-e
 3.00

c-j
 3.12

gfeh
 

69.8a-e 353.24ab 

Guduru(DZ-01-1880) 
10.40

a-d
 

2.27bc 
10.75

a-e
 3.02

b-j
 3.31

gfdeh
 

70.24a-e 351.15a-g 

Holetta key(DZ-01-
2053) 

10.33
a-c

 
2.32bac 

10.64
b-d

 3.10
a-f

 3.30
gfdeh

 
70.32a-e 351.71a-f 

Kena(23-tafi –adi-27) 
10.31

a-d
 

2.27ac 
10.92

a-e
 3.00

c-j
 3.31

gfdeh
 

70.2a-e 351.44a-f 

Keytena(DZ-01-1681) 
10.48

bdac
 

2.04ac 
11.73

a-e
 3.27

a
 3.75

ba
 

68.73b-e 351.25a-g 

Kora (Dz-01-438) 
10.15

bdc
 

2.22ac 
10.89

a-e
 2.71

nmo
 2.97

h
 

71.03abc 352.18a-e 

Koye(DZ-01-1285) 
10.69

ba
 2.48

abc
 12.03

a-e
 2.89

f-n
 3.29

gfeh
 

68.63cde 348.61d-g 

Laketch(SR-R/L-273) 
10.00

dc
 2.14

bc
 11.00

a-e
 3.08

a-g
 3.82

a
 

69.96a-e 351.60a-f 

Magna(Dz-01-196) 10.25bdac 
2.24

bc
 12.02

a-e
 3.11

a-f
 3.03

gfh
 

69.36a-e 353.45a 

Mechare(ACC.205953) 
10.20

bdc
 2.52

ba
 12.23

bac
 3.12

a-d
 3.19

gfdeh
 

68.74b-e 351.96a-f 

Melko (Dz-cr-82) 
10.48

bdac
 2.29

abc
 11.37

a-e
 3.08

a-f
 3.16

gfeh
 

69.62a-e 351.65a-f 

Menagesha (Dz-cr-44) 
10.62

bac
 2.15

bc
 10.91

a-e
 3.18

a-d
 3.83

a
 

69.31a-e 349.48b-g 



117 

 

Quncho-(DZ-cr-387) 10.7433ba 
2.09

bc
 12.26

bac
 3.23

ba
 3.42

bdec
 

68.25e 351.11a-g 

Simada (Dz-cr-385) 
10.63

bac
 2.48

abc
 11.04

a-e
 2.80

i-n
 3.07

gfh
 

69.99a-e 349.31c-g 

Tseday ( DZ-Cr-37) 
10.7067

ba
 2.46

abc
 12.50

ba
 2.96

d-l
 3.15

gfeh
 

68.22e 349.55b-g 

Wellenkomi (Dz-01-
787) 

10.23
bdc

 2.37
abc

 10.42
b-e

 3.01
b-i

 3.25
gfdeh

 
70.72a-e 351.64a-f 

Workiye(21476A) 
10.30

bdac
 2.12

bc
 10.57

b-e
 2.90

e-m
 3.35

fdec
 

70.76a-d 351.46a-f 

Yilmana (DZ-01-1868) 
10.28

bdac
 2.26

bc
 10.27

b-e
 2.86

h-o
 3.67

bac
 

70.66a-e 349.46b-g 

Ziquala (Dz-cr-3587) 
9.92

d
 2.27

bc
 10.89

a-e
 2.97

d-l
 3.73

ba
 

70.23a-e 351.17a-g 

Zobel(Dz-01-1821) 
10.62

bac
 2.23

bc
 9.86

e
 2.84

h-o
 3.21

gfdeh
 

71.24ba 349.96a-g 

Local cheek 
10.20

bdc
 2.17

bc
 12.90

a
 3.06

a-h
 3.35

fdec
 

68.33de 352.44a-d 

Lsd 0.661 0.49 2.19 0.23 0.35 2.51 3.84 

Location        

DebreZeit 
9.77

C
 2.84

A
 10.99

B
 

3.01A 3.12C 70.27B 352.09A 

Chefedonsa 10.92A 1.93C 10.02C 2.95A 3.31B 70.98A 349.27B 

Alemtena 
10.42

B
 2.11

B
 12.43

A
 

2.87B 3.51A 68.85C 351.01A 

Lsd 0.19 0.14 0.63 0.07 0.1 0.55 1.10 

Total CV 3.92 13.24 12.04 4.72 6.44 2.20 0.67 

Values within the same column with different letters are significantly different (p<0.05). Lower case letters stand 

for comparison between the varieties, while the upper case letters stand for comparison between growing 

locations. 

 

Statistical analysis revealed significant differences (p < 0.05) in the crude fat content 

scoresfor the tef varieties.The minimum value 2.67% was found in Gemechis (DZ-CR-

387), while the maximum value was that of Keytena (DZ-01-1681) (3.27). Bultosa 

(2007) has reported that crude fat content of 13 tef varieties ranged between 3.0–2.0 % 

with mean of 2.3 %, which is similar to this report (Table 2). According to Bultosa 

(2007), the highest crude fat was for DZ-Cr-82 (3 %) and the lowest values were 

observed inDZ-01-1681 (2 %) and DZ-Cr-37 (2 %). The crude fat content of tef grain, 

in general, is higher than that of wheat, rye, and brown rice but lower than that of 

barley, maize, sorghum and pearl millet (Mekonnen et al, 2014). Growing location also 

had significant (p<0.05) effect on the crude fat content of the cultivars where the tef 

cultivars grown in Alemtena (2.87%) exhibited significantly lower mean protein 

content than those grown in DebreZeit (3.01%) and Chefedonsa (2.95%) which did not 

show appreciable variations among themselves. 

 

Crude fiber contents of the varieties were also dependent on variety type and growing 

location (Table 1). Accordingly, the highest value was found inLaketch (SR-R/L-273) 

while the lowestvalue was measuredin Kora (DZ-01-438). The mean ash contents of 

the tef cultivars grown in the three locations varied in the order: DebreZeit (3.12%) 

<Chefedonsa (3.31%) <Alemtena (3.51%). Bultosa (2007) reported that the crude fiber 

in the 13tef varieties ranged from 3.8–2.6 % with mean 3.3 %.  

 

Carbohydrate values in the varieties significantly (p<0.05) affected by variety type 

ranging from 68.39% for Tseday (DZ-Cr-37) to 71.46% in Ajora (PGRC) E205396. 

Effect of growing location was also important (p<0.05) making the mean values of the 

grains to vary as: Alemtena (68.85%)<DebreZeit (70.28%)<ChefeDonsa 
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(70.98%).Previous studies showed that like othercereals tef is predominantly starchy; 

the approximately starch reach about 73 percent (Bultosa,2007; Baye, 2014). The 

energy values of the 35 tef varieties were significantly (p<0.05) dependent and ranged 

from 347.50Kcal/100gfor Gimbichu (Dz-01-899) to 353.45 Kcal/100g for Magna (DZ-

01-196) (Table 1). However, effect of growing location was not as such important on 

the mean energy value scores of the tef grains obtained from the three growing 

locations. The mean energy value recorded in this study is close to the report by 

Bultosa and Taylor (2007) and relatively lower than the value stated in USDA (2016) 

(Table 2). 

 

In general, significantly higher crude protein and ash contents as well as significantly 

lower and carbohydrate was recorded for tef grains grown at Alemtena. This might 

indicate that the tef cultivars grown at Alemtena were smaller and this could be caused 

by time shortage during grain filing stage (Bultosa, 2007).  
 
                          Table 2. Comparison of the results obtained in the current study with previous studies 
 

 

 

 

 

 

 
 
Mineral composition 
Tef variety type had significant (p<0.05) on all the measured mineral contents of the 

cultivars (Table 3). Fe contents in the brown tef varieties like Asgori (DZ-01-99), 

Holetta key(DZ-01-2053) and Keytena(DZ-01-1681)were comparatively high, while 

those in the whitetef varieties like Quncho(DZ-cr-387), Yilmana (DZ-01-1868), 

Tseday ( DZ-Cr-37),Genete(DZ-01-146),Enatite (DZ-01-354) and Boset (DZ-CR-409) 

appeared low. The highest Zn and Ca content were observed in Asgori (Dz-01-99), 

while the lowest Zn and Ca contents were recorded for Quncho-(DZ-cr-387) and 

Enatite (DZ-01-354) respectively. The Kcontents of the tef cultivars between 

275.54(mg/100g) for Mechare (ACC.205953) to 375.94(mg/100g) for Gola(DZ-01-

2054 ).Except on Ca content, growth location had significant (p<0.05) effect on the 

measured mineral contents of the tef cultivars. Results in this study were more or less 

comparable with earlier wre comparable with earlier works (Table 2). Review by Baye 

et al. (2014) indicated wide differences in mineral content in the tef varieties. As 

observed in this study, earlier studies showed that red tefhad higher iron and calcium 

content than mixed or white tef (Abebe et al. 2007). Previous evaluationby Ketema 

(1997) on 12 genotypes of tef grown in different agro-ecologic settings also revealed 

that genetic and environmental factors affected the iron content of tef. 

 
                                     

Component This study Previous studies 

Range Mean Bultosa & 
Taylor 2004 

USDA (2016) 

Moisture (%) 8.12-11.62 10.37 10.5 8.82 

Crude protein (%) 7.78-14.22 11.15 11.0 13.30 

Crude fat (%) 2.42- 3.38 2.95 2.5 2.38 

Crude fiber (%) 2.57-3.99 3.32 3.0 8.0 

Ash (%) 1.60-4.14 2.30 2.8 - 

Energy (kJ/100 g) 345.17-357.40 350.79 357 367 

Calcium (mg/100 g) 103.70-173.50 138.69 165.2 180 

Iron (mg/100 g) 14.92-23.43 17.16 15.7 7.63 

Zinc (mg/100 g) 2.07-5.16 3.43 4.8 3.63 
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                            Table 4. The mineralcomposition of tef varieties  
 

No. Tef variety Fe 
(mg/100g) 

Zn 
(mg/100g) 

Ca 
(mg/100g) 

K 
 

1 Ajora (PGRC)E205396 16.19 y 2.84x 136.67e-k 313.34ba 

2 Amarech (HO-cr-136) 17.52 n 3.57m 128.02h-m 360.19ba 

3 Ambo toke (DZ-01-1278) 16.37 w 2.77 y 152.02bcd 346.91ba 

4 Asgori (Dz-01-99) 23.58 a 4.69 a 170.14a 304.55ba 

5 Boset (DZ-CR-409) 15.76 z 3.24 q 152.72bc 340.24ba 

6 Dega tef(DZ-01-2675) 18.95 g 3.94 g 147.87b-f 342.08ba 

7 Dima (Dz-01-2423) 19.3 e 4.00 f 155.52ba 354.48ba 

8 Dukem (DZ-01-974) 18.16 j 3.67 l 136.72d-k 326.01ba 

9 Enatite (DZ-01-354) 15.93 z 3.74 j 116.52m 351.13ba 

10 Etsub(DZ-01-3186) 17.47 o 2.87 w 118.06lm 301.2ba 

11 Gemechis(DZ-CR-387) 16.85 s 3.47 n 144.22b-g 325.74ba 

12 Genete(DZ-01-146) 15.87 z 3.94 g 134.47f-k 291.03ba 

13 Gerado(DZ-01-1281) 17.18 q 3.84i 139.02c-j 332.44ba 

14 Gibe (DZ-Cr-255) 19.25 f 4.17 e 143.87c-g 349.17ba 

15 Gimbichu(Dz-01-899) 16.51 v 3.90 h 127.24i-m 374.83a 

16 Gola(DZ-01-2054 ) 17.58 m 2.64y 143.97b-g 375.94a 

17 Guduru(DZ-01-1880) 18.19i 3.40 p 124.02jklm 290.03ba 

18 Holetta key(DZ-01-2053) 22.23 b 4.50 b 140.37b-i 342.48ba 

19 Kena(23-tafi –adi-27) 17.45 o 3.14 r 138.92c-j 301.29ba 

20 Keytena(DZ-01-1681) 21.87 c 4.37 c 124.47j-m 360.44ba 

21 Kora (Dz-01-438) 16.74 t 3.00 u 131.31g-m 317.8ba 

22 Koye(DZ-01-1285) 17.09 r 3.70 k 147.47b-f 344.71ba 

23 Laketch(SR-R/L-273) 18.57 h 2.97 v 123.37klm 307.89ba 

24 Magna(Dz-01-196) 16.38 w 2.67 y 134.62e-k 300.08ba 

25 Mechare(ACC.205953) 16.34 x 2.84 x 155.67ba 275.54b 

26 Melko (Dz-cr-82) 16.09 z 3.24 q 149.97becd 367.02ba 

27 Menagesha (Dz-cr-44) 18.01 k 2.84 x 137.62c-k 363.4ba 

28 Quncho-(DZ-cr-387) 15.57 z 2.40 z 134.62e-k 342.48ba 

29 Simada (Dz-cr-385) 16.63 u 3.94 g 132.97f-l 287.68ba 

30 Tseday ( DZ-Cr-37) 15.83 z 2.84 x 127.97h-m 292.27ba 

31 Wellenkomi (Dz-01-787) 17.64 l 3.67 l 146.82c-f 294.37ba 

32 Workiye(21476A) 17.32 p 3.10 s 131.12h-m 299.95ba 

33 Yilmana (DZ-01-1868) 15.82 z 2.67y 141.97c-i 363.96a 

34 Ziquala (Dz-cr-3587) 16.38 w 3.44 o 142.87b-h 303.3ba 

35 Zobel(Dz-01-1821) 17.45 o 3.04 t 136.72d-k 303.43ba 

36 Local cheek 21.26 d 4.30 d 143.02b-h 339.13ba 

 LSD 0.03 0.1 15.433 125.55 

 Location     

1 Chefedonsa 17.50B 3.30B 138.802 315.66B 

2 Debrezeit 18.45A 3.90A 140.023 308.75B 

3 Alemtena 16.99C 3.10C 137.244 357.80A 

 LSD 0.08 0.01 NS 26.84 

 Over all CV 0.1 0 6.8 17.44 

Values within the same column with different letters are significantly different 

(p<0.05). Lower case letters stand for comparison between the varieties, while 
the upper case letters stand for comparison between growing locations. 

 



120 

 

Conclusion 
 
The findings of this study showed that the released tef varieties could be good sources 

of protein, fat, fibers, and minerals. However, the effects of variety and growing 

location were found to be important that could dictate the functional property, 

processing quality and nutritional content of the cultivars. As this study considered 

almost all the cultivars released up to the year 2017, the information generated can 

serve as a baseline for future breeding, agronomic and processing related activities. 

However, this study was limited to primary grain qualities and single planting season. 

Therefore, further studies on the grain nutritional and antinutritional contents (which 

includes amino acid profile, fatty acid profile, polyphenols and phytates) of the 

varieties, their suitability for  making injera and development of new tef based food 

products should be conducted and primary grain quality and process optimization work 

should be done. 
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Abstract 
  
The highest 100 seed weight was recorded for variety Deme and Hirna with the values 

of 53.17g and 51.46g, respectively, and the lowest was for Awash-1, SARI-I and Dursitu 

with 17.18g, 18.03g and 18.14g, respectively. Significantly, longer and shorter cooking 

time was observed for Batagoni with 93.00 min and for Ecab-0081 and Fedis, both with 

29.00 min, respectively. The range of hydration coefficient was between 1.252 and 

1.683, where variety Gofta had the least while Awash-2 had the highest value. The 

maximum washed drained weight was recorded for variety Awash Melka with the value 

of 64.47g and the minimum was observed for DRK with the value of 60.06g. Nutritional 

quality parameters also significantly varied from 9.230% (Chore) to 10.868% (Batu) 

for moisture, from 3.519% (Beshibeshi) to 4.700% (Omo95) for ash, from 0.8427% 

(Sarii) to 2.857% (Hundane) for fat, from 4.080% (Roba) to 8.893% (Kufanzik) for 

fiber, from 16.575% (Dinkinesh) to 25.98% (Tinike) for protein. In addition, from 

58.215% (hundane) to 68.144% (Dinkinesh) for CHO.more over,314.75Kcal/g 

(Ramadan) to 340.71 Kcal/g (KATB-9) for food energy. Phytate concentration also 

ranged from 8.081 to 23.636 mg/g for variety Awash- 2 and Ecab-0056, respectively. 

Therefore, it was concluded that released common bean varieties could be grouped and 

selected for desirable traits and purposes based on their inherent physicochemical and 

canning quality characteristics.  

  

Introduction 
 
Grain legumes play an important role in the world’s food and nutrition requirements, 

especially in the dietary pattern of low-income group of people in developing 

countries. They are considered as “meat for resource poor people” and are important 

inexpensive sources of protein, dietary fiber, and starch. As they contain almost two to 

three times more protein than cereals, they are good sources of supplementary protein 

when added to cereal grains and root crops, which are low in essential amino acids. In 

addition to protein, common beans are good source of dietary fiber and starch (Perla et 

al., 2003). In Ethiopia, common bean (Phaseolus vulgaris L.) is the most important 

major food legume, which is used either as a source of protein for local consumption or 

as an export crop to generate foreign currency (Tadele, 2006). It is also an important 

component of crop production in smallholders’ agriculture in Ethiopia, providing an 

economic advantage to farmers as an alternative source of protein, cash income, and 

food security. Since its introduction to the northern parts of the country around the 16
th
 

century (Shimelis and Rakshit, 2005), common bean is often grown as cash crop by 

mailto:masreshaminuye@gmail.com
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small scale farmers and used as a major food legume in many parts of the country 

where it is consumed in different types of traditional dishes (Habtu, 1994).   

 

The area devoted to common bean production in Ethiopia is 359235 ha with a total 

production of 0.41M tones and average yield of 1.2 t/ha (CSA, 2012/13). It is mainly 

grown in eastern, southern, south western, and the central Great Rift Valley areas of 

the country (Habtu et al., 1996).  The crop has a wide range of adaptation and its 

productivity greatly varies depending on ecological factors, cropping systems and 

agronomic practices.  It is one of the most important grain legumes grown in the 

lowlands of Ethiopia, particularly in the central rift valley of the country. In these 

areas, smallholder farmers grow white beans for export and food type colored beans for 

household consumption.  

 

Previously, improved bean varieties have been released by research centers in the 

country based on only their yield potential and drought and disease resistance levels.  

However, nowadays, the Ethiopian institute of Agricultural Research has also designed 

a strategy to profile and document physicochemical and nutritional quality parameters 

of crop varieties, including common bean. Therefore, the purpose of this study was to 

analyze and document quality profile of common bean varieties grown in Ethiopia, as 

the output will enable researchers and other end users to get base line information on 

nutritional composition of the varieties for future studies. 

 
Materials and Methods 
 
Sample collection and Preparation 
Forty-two varieties of common bean, which have been  collected from rift valley areas 

of Ethiopia, were evaluated for different physicochemical and canning quality 

attributes in this study. Seeds of all the collected varieties were hand cleaned to remove 

some foreign materials, physically damaged beans and bean with fade color and 

undesirable type of shape. About 2 kg cleaned and pure seed sample was taken from 

each variety and packed in plastic bags. 

 
Physical properties  
 
Hundred seed weight: Randomly selected 100 dry bean seeds were weighed and 

the average weight of each seed was calculated as:  

    Weight per seed =  

The readings were taken in triplicate and average values of the triplicate samples were 

reported (Balasubramanian et al., 1999). 

 
Number of non-soakers: The non-soakers (NS) were picked-up by hand and then 

counted and the value was expressed as percentage.  

% NS =  100 
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Cooking time: Cooking time was estimated according to the method of Mattson 

(1946), modified by Jackson and Varriano-Marston (1981) using the Mattson cooking 

device. 

 

Bean canning process 
Triplicate bean samples each with 100g were accurately weighed, placed into mesh 

bags, soaked in water for 30 min at room temperature and, then, blanched for 30 min at 

78
o
C in water containing about 100 ppm of CaCl2 solution (Uebersax and Hosfield, 

1985). The samples were first drained and after weighing, transferred into coded cans 

and covered with boiling brine containing 100ppm Ca 
++

, 1.3% NaCl and 1.56 % sugar. 

The cans were sealed and cooked in autoclave at 115.6
o
C for 45 min, followed by 

instant cooling. Then, the cans of processed beans were stored for three weeks prior to 

opening for evaluation of canning-quality traits (Uebersax and Hosfield, 1985). 

 
Canning quality of dry beans 
 
Hydration coefficient (HC): The weight gained by imbibitions during soaking and 

blanching was used to calculate the hydration coefficient (Uebersax and Hosfield, 

1985) as follows: 

 
Washed drained weight (WDWT) and Percentage Washed drained 
weight  

(PWDWT): WDWT was determined according to the procedure suggested by 

Uebersax and Hosfield (1985), while PWDWT was calculated as follows (Van der 

Merwe et al., 2006).  

 

 
 
Sensory quality of canned beans 
 
Degree of clumping: it was rated based on 1 to 3-point scale (1 = beans solidly 

clumped to the bottom of the can and 3 = no clumping), 

 

Splitting Beans: 1 to 10 point scale was used (with 1 indicating the maximum 

(completely broken) and 10 the minimum number of split beans (without any cracks or 

loose skins) 

Percent of seed coat splitting =  100 

 
Viscosity/starchiness: 1 to 5 point scale was used (1 = very clear and 5 = 

extremely cloudy) (Balasubramanian et al., 1999). 
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Nutritional quality parameters  

Moisture, total ash, crude fat, crude protein and crude fiber contents were determined 

by AOAC (2000) official methods of 925.10, 923.03, 920.39, 920.87 and 945.38, 

respectively. Whereas, the difference was taken to determine total carbohydrate content 

(Total Carbohydrate (%) = 100 - {Moisture (%) +Protein (%) + Fat (%) + Ash (%)}). 

 

Energy value was quantified based on the three groups of nutrients: carbohydrates, fats 

and proteins (Birch, et al. 1980). Hence, the gross food energy was calculated as: FE = 

{(%TC-%CF) x 4} + (%TFx9)+(%TP x4), where, FE = Food Energy in Kcal/g, TC = 

Total Carbohydrate, CF = Crude Fiber, TF = Total Fat and TP = Total Protein. Anti-

nutritional analysis was done by estimating the content of phytic acid of the varieties, 

which was determined by spectrophotometry method following the procedure 

developed by Latta and Eskin (1980) and later modified by Vaintraub and Lapteva 

(1988). 

 
Statistical data analysis 
  
Statistical Analysis Software (SAS) Version 2.0 using one-way analysis of variance 

(ANOVA) and all pair wise comparisons were done for mean values using Least 

Significant Difference (LSD) test at < 0.05 P level (Steel et al., 1997) analyzed all the 

triplicate data 

 

Results and Discussion 
 
Bean physical properties 
Mean values of the physical properties of common bean varietires, such as number of 

non-soakers per 400g seeds; 100 seed weight and cooking time, were presented in 

Table 1. The highest 100 seed weights were recorded for variety Deme and Hirna with 

mean values of 53.17g and 51.46g, respectively, while Awash-1, Dursitu and SARI-I 

exhibited lower values (17.18g, 18.14g and 18.02g, respectively). Cooking time is one 

of the main considerations in evaluating pulse quality. As longer cooking time results 

in a loss of nutrients and could affect the preference of end users. In the present study, 

significantly, longer cooking time was observed for variety Babile and Batagoni with 

74.66 and 93.00 min, respectively, and the least cooking time was recorded for Ecab-

0081 and Fedis with an equal value of 29.00 min. The shorter cooking time suggests 

the better nutritional quality and the best customer preference. Therefore, based on this 

study, varieties Ecab-0081 and Fedis have the best cooking quality. According to the 

research report of Derese and Shimelis (2012) for five dry bean varieties, the range of 

cooking time was 24.00 to 35.33 min. Furthermore, as  reported by Shimeles  (2004), 

cooking time was within the range of 19.5 to 41.7 min for eight dry been varieties.  In 

the present study with 42 varieties of dry bean, the cooking time range was almost 

similar with the previously reported values with the exception of a few varieties. 
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Canning quality of dry beans  

Canning is the heat sterilization process during which all living organisms in food and 

in can are killed. It prolongs the shelf life of beans without affecting the nutrients. 

Canning undergoes in different steps such as soaking (to remove the dust   particles), 

blanching and cooking. The purpose of soaking and blanching prior to autoclaving is to 

ensure uniform and complete WU to prevent further expansion of beans in the can. 

Secondly, soaking prevents the presence of hard seeds in the canned product (Priestly, 

1978), ensures product tenderness and improves color (Uebersax et al., 1987). The 

main purpose of blanching is inactivation of enzymes, which might produce off-

flavors. In addition, to soften the product and remove gasses to reduce strain on can 

seams during retorting (Jones and Beckett, 1995). The blanching process is also 

responsible for the increase of bean moisture content to the final (50 – 55 % ) and the 

removal of dry bean flavor and odor (Priestly, 1978). In the present study, varieties 

were grouped in their canning quality and only 14 selected from each group were 

tested for the most sensitive parameters. Accordingly, all the parameters listed in Table 

2 had different values for various common bean varieties. This revealed that canning 

quality of beans depends on the variety or genetic makeup and the environment. 

 
      Table 1. General characteristics of common bean and their physical properties  
 

 
Variety 
Name 

Seed 
Shape 

Seed color Seed size Class Type Non-
soaker/400 
seed (%) 

100 
seed 

weight 
(g) 

Cooking 
time 
(min) 

Awash-1 Round White Small Mesoamerican Ex 2.25 17.180s 42.667f-h 

Awash-2 Round White Small Mesoamerican Ex 0 21.863pq 34.000m-s 

Awash-melka Flat White Small Mesoamerican Ex 3 24.567n 33.000n-s 

Ayenew Elongate Pinto Medium Andean beans LC 0 37.922g 41.000g-j 

Babile Kidney Red Large - - 0 37.076gh 74.667b 

Batagoni - - Small - - 6.967 24.586n 93.000a 

Batu Kidney White Large Andean beans LC 2.25 44.010e 31.000q-s 

Beshibesh  Cream Small Mesoamerican - 0 24.195n 46.333d-f 

Cherecher Oval White Small Mesoamerican - 0 26.777m 42.333f-i 

Chore Kidney White Small Mesoamerican - 0 20.000r 42.667f-h 

Crascope Kidney Speckled Large Andean beans Ex 1.5 44.893de 51.333d 

Deme Kidney Speckled Large Andean beans Ex 0 53.172a 31.333p-s 

Dinkinesh Elongate Red Small Mesoamerican - 0 23.518no 34.667l-r 

DRk Kidney Red Large Andean beans Ex 0 44.122e 37.667h-n 

Dursitu Elongate Red 
motteled 

Small Mesoamerican LC 1.35 18.144s 35.333k-q 

Ecab-0056 Elongate Red 
motteled 

Large Andean beans LC 0.5 46.001d 34.000m-s 

Ecab-0081 Elongate Red 
motteled 

Large Andean beans LC 0 36.782gh 29.000s 

Fedise Elongate Red 
motteled 

Large Andean beans LC 0 43.367e 29.000s 

GLP-2 Elongate Red 
mottled 

Large Andean beans LC 2.678 43.475e 37.000j-o 
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Gobe Rash Elongate Red 
motteled 

Large Andean beans LC 1.689 40.820f 44.667e-g 

Gofta Elongate Cream Medium Andean beans LC 1 38.036g 48.333de 

Haramaya Elongate cream Medium Andean beans LC 0 29.831l 46.667d-f 

Hirna Kidney red Large - LC 4.5 51.463b 31.333p-s 

Hundane Oval Red 
mottled 

Large - - 0 33.627jk 38.000h-n 

Ibado Elongate Red 
mottled 

Large Andean beans LC 4.25 48.665c 35.667k-q 

KATB-1 Oval Yellow Medium Andean beans LC 0 33.237k 31.333p-s 

KATB-9 Oval Red Medium Andean beans LC 0 41.129f 31.333p-s 

KUfanzik  Pinto - - LC 0 35.820hi 64.333c 

Lehodo Flat White Medium Andean beans LC 3.235 38.255g 39.333h-l 

Melkadima Elongate Red Large Andean beans LC 3.453 44.712de 40.000g-k 

Mexikan -142 Round White Small Mesoamerican Ex 0 19.810r 38.667h-

m 

Nasir Round red Small Mesoamerican LC 
and 
Ex 

1.25 21.785q 32.333o-s 

Omo-95 Elongate Red Small Mesoamerican LC 0 24.158n 39.333h-l 

Ramadan   Medium  LC 0 34.060jk 62.000c 

Red Wolaita Elongated Red Small Mesoamerican LC 0 22.134o-

q 
37.333i-o 

Roba Elongate Cream Small Mesoamerican  2.25 23.492n-

p 
30.000rs 

SARI-I Elongate Red Small Mesoamerican LC 
and 
Ex 

1.545 18.028s 65.000c 

SER-119 Kidney Red Small Mesoamerican LC 
and 
Ex 

1 25.019n 31.333p-s 

SER-125 Kidney Red Small Mesoamerican LC 
and 
Ex 

1.5 26.699m 30.000rs 

Tatu Elongate White Medium Andean beans LC 2.325 37.690g 40.333g-k 

Tinike Kidney red Large   0 34.980ij 31.667p-s 

Waju   medium  LC 0 32.735k 36.333j-p 

    

Grand Mean 33.044 41.079 

CV 3.04 7.63 

LSD 1.6324 5.0916 

Means followed by different superscripts within a column are significantly different at P <0.05. LC = local 

consumption and Ex = export. 

 

Significant differences were observed among the varieties (P≤0.05) for mean values of 

hydration coefficient (HC); percentage washed dry weight and percentage of water 

uptake. The HC ranged from 1.25-1.68, where variety Gofta and Awash-2 exhibited 

the least and the highest values, respectively. The optimum HC value of common bean 

is considered as 1.82 for industrial use (Hosfield, 1991) and is characterized as well-

soaked bean. HC indicates the increase in dry bean mass due to water uptake during 

soaking, relative to the dry state (Hosfield et al., 1984b). The lower HC value shows 

less water imbibitions and requires more time to imbibe water before canning. 
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Another important factor of canning quality of common bean is percentage washed 

drained weight (PWDW). In this study, the maximum PWDW was recorded for Awash 

Melka with the value of 64.47% and the minimum was observed for DRK with the 

value of 60.06%. Based on the existing canning standard,  all  the varieties  evaluated 

in this study met the desired 60% of PWDW (Loggernberg, 2004;  Balasubramanian  et 

al., 1999). 

 

Visualization of canning quality of beans  
The maximum and minimum splits of (broken) beans were observed for variety 

ECAB-0056 and DRK with mean value of 1.70 and 5.86, respectively. Consumers 

prefer soft texture and little splits of beans, as soft texture of beans have direct 

relationship with that of seed breakdown. In the present study, Awash-2 was found to 

be the most clumping variety with mean score value of 2.215 and Nasir was the least 

clumping type. Clumping is directly proportional to starchiness/viscosity of canned 

beans and it is an indicator of poor canning quality.  

 
                   Table2: Canning quality of fourteen dry bean varieties 
 

Variety HC  
PWDW 

Splitting 
degree (1-9) 

Clumping 
degree (1-3) 

Viscosity /starchiness 
(1-5) 

Awash -melka 1.5790b 64.469a 4.350 2.450 2.050 

Awash-1 1.5927b 61.669cd 3.600 2.800 2.200 

Awash-2 1.6833a 62.957a-c 3.715 2.215 1.714 

Batu 1.3667e 61.084cd 3.650 3.200 2.250 

Cranscope 1.3457e 62.816a-c 1.857 2.572 2.214 

Deme 1.4243d 61.415cd 3.950 2.600 2.400 

DRK 1.4397d 60.061d 5.857 3.429 1.786 

ECAB-0056 1.5277c 60.901cd 1.700 2.950 2.100 

Gofta 1.307f 61.450cd 3.350 2.950 2.100 

Ibado 1.4520d 62.180b-d 2.929 3.857 2.072 

KATB-1 1.4207d 62.385a-c 3.600 2.450 2.100 

KATB-9 1.4183d 61.366cd 3.500 2.600 2.200 

Nasir 1.2520g 61.978 b-d 3.786 4.214 1.929 

Roba 1.3593e 63.913ab 3.900 3.450 2.000 

Grand Mean 1.4406 62.046    

CV 1.53 2.09    

LSD 0.0368 2.1682    

Means followed by different superscripts within a column are significantly different at P <0.05. 
Sensorial analysis was performed based on the following score values. Splitting: 0=split 

extremely,1=split very much, 2= split moderately, 3=split slightly, 4=either split or unsplit, 

5=neither split nor unsplit, 6= unsplit slightly. 7= unsplit moderately, 8= unsplit very much, and 
9= completely unsplit. Clumping: 1=extremely clumped, 2=moderately clumped, and  3= no 

clumping. Viscosity/Starchiness:1=Very clear, 2=moderately clear, 3=slightly clear, 

4=moderately cloudy and 5= extremely cloudy 

 
Nutritional composition of common bean varieties 
The contents of moisture, ash, fat, fiber, protein, and carbohydrate and food energy 

value of the dry beans are presented in Table 3. It was observed that the nutritional 

compositions of common been varieties were significantly (P≤0.05) different. The 

minimum and maximum values for moisture were 9.23 (Chore) and 10.87% (Batu), 

3.52 (Beshibeshi) and 4.70% (Omo-95) for ash, 0.84 (Sari-i) and 2.86% (Hundane) for 

fat, 4.08 (Roba) and 8.89% (Kufanzik) for fiber, 16.58 (Dinkinesh) and 25.98% 

https://www.researchgate.net/publication/270687845_Genotype_and_environment_effect_on_canning_quality_of_dry_bean_grown_in_Saskatchewan?el=1_x_8&enrichId=rgreq-4eed3f152973e28a3e22eb5d07dfa61f-XXX&enrichSource=Y292ZXJQYWdlOzI3OTk4NDA1ODtBUzoyNTAyMDUwMTQ1ODk0NDBAMTQzNjY2NDkzMzEwNg==
https://www.researchgate.net/publication/270687845_Genotype_and_environment_effect_on_canning_quality_of_dry_bean_grown_in_Saskatchewan?el=1_x_8&enrichId=rgreq-4eed3f152973e28a3e22eb5d07dfa61f-XXX&enrichSource=Y292ZXJQYWdlOzI3OTk4NDA1ODtBUzoyNTAyMDUwMTQ1ODk0NDBAMTQzNjY2NDkzMzEwNg==
https://www.researchgate.net/publication/270687845_Genotype_and_environment_effect_on_canning_quality_of_dry_bean_grown_in_Saskatchewan?el=1_x_8&enrichId=rgreq-4eed3f152973e28a3e22eb5d07dfa61f-XXX&enrichSource=Y292ZXJQYWdlOzI3OTk4NDA1ODtBUzoyNTAyMDUwMTQ1ODk0NDBAMTQzNjY2NDkzMzEwNg==
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(Tinike) for protein, 58.22 (Hundane) and 68.14% (Dinkinesh) for CHO and  314.75 

(Ramadan) and 340.71Kcal/g (KATB-9) for food energy, respectively. These results 

were consistence with the findings of Shimeles (2004) and Derese (2014).  
        
        Table 3. Nutritional compositions of common bean varieties (g/100g) 
 

Variety 
 

%  
Moisture 

% Ash % Total Fat % Crude 
Fiber 

% Protein TCHO (%) FE (Kcal/g) 

Awash-1 10.263b-j 4.1563g-i 1.1410h-m 5.6403i-m 23.870c-f 60.570o-q 325.47m-p 

Awash-2 9.4650o-r 4.5170bc 1.5547d-f 5.3557k-o 24.266c-e 60.197p-s 330.42g-i 

Awash-
Melka 

9.7983i-q 4.6000ab 1.4013d-h 6.3477f-h 25.083a-c 59.118q-t 324.02n-q 

Ayenew 10.615a-c 3.8403m-q 2.361b 5.3170l-o 23.605d-g 59.578q-t 332.72e-g 

Babile 10.350b-h 4.0803h-k 1.3503e-j 5.6867i-l 25.830ab 58.390t 326.28l-o 

Batagoni 9.6857l-r 3.7697 p-s 1.4573d-g 5.2597l-p 21.245k-n 63.842f-j 332.43e-g 

Batu 10.868a 3.7753p-r 1.3127f-l 4.8880o-r 18.314qr 65.729bc 328.44h-m 

Beshibesh 9.8437h-p 3.5197 t 1.1540h-m 4.4023r-t 21.425j-n 64.057e-i 334.71c-e 

Cherecher 9.6650l-r 4.0660h-l 2.3557b 5.3897k-o 22.743f-j 61.170n-p 335.29b-e 

Chore 9.2303r 4.6380ab 1.3370e-k 4.2237st 23.103e-i 61.692l-o 334.32d-f 

Crascope 10.398a-g 3.7400q-s 1.6097de 5.9997h-j 17.962r 66.290b 327.50i-m 

Deme 10.290b-i 3.6493r-t 1.2003g-m 6.0630hi 21.383j-n 63.477g-k 325.99l-p 

Dinkinesh 10.233c-k 3.8497m-q 1.1980g-m 5.1837l-q 16.575s 68.144 a 328.92h-l 

DRk 10.078d-m 3.6157st 1.2567g-m 6.3967f-h 22.229h-k 62.820h-m 325.92l-p 

Dursitu 10.516a-e 4.5233 bc 1.3783d-i 6.6630fg 24.833a-d 58.750st 320.08r-t 

Ecab-0056 9.7633j-q 3.9170l-p 1.4067d-h 7.3313bc 19.447pq 65.466b-e 322.99p-r 

Ecab-0081 9.9697f-o 3.8090n-q 1.0967j-n 7.2433c-e 20.341n-p 64.784c-g 321.39q-s 

Fedise 10.525a-d 4.3343de 1.0857j-n 6.2397gh 22.393g-k 61.662l-p 321.03q-s 

GLP-2 9.5000o-r 4.1700f-i 2.0337c 8.8437a 21.275k-n 63.022h-l 320.11r-t 

Gobe 
Rash 

9.3317qr 4.0403i-l 1.6430d 5.8640h-k 18.620qr 66.365b 331.27f-h 

Gofta 9.6300l-r 4.3993cd 1.4573d-g 6.7340e-g 25.725ab 58.788st 324.23n-q 

Haramaya 9.5343n-r 3.9647j-m 1.0477l-n 5.0330n-q 24.028c-f 61.425m-p 331.11f-h 

Hirna 9.5323n-r 3.9440k-n 2.1727bc 5.1343m-q 21.708j-n 62.643i-n 336.42b-d 

Hundane 10.349b-h 3.8333m-q 2.8570a 6.8110c-f 24.746a-d 58.215t 330.31g-j 

Ibado 9.6033m-r 3.7330q-s 1.6443d 5.0307n-q 20.820l-o 64.200d-h 334.75c-e 

KATB-1 10.010e-n 4.3113d-f 1.0670k-n 4.9750n-q 21.292k-n 63.320g-k 328.15h-m 

KATB-9 9.8317i-q 3.7937n-r 2.3460b 4.1307t 18.781qr 65.248b-f 340.71a 

Lehodo 10.128c-l 4.3383de 1.3557e-j 4.6787q-s 21.924i-m 62.253k-n 330.20g-j 

Melkadima 9.6467l-r 4.2817d-g 1.9583c 4.0823t 17.698rs 66.416b 337.75a-c 

Mexikan-
142 

9.8983g-o 4.3620de 1.0193mn 4.9097o-r 21.694j-n 63.027h-l 328.42h-m 

Nasir 10.743ab 4.2803d-g 1.2397g-m 4.7540p-s 21.043k-n 62.695i-m 327.09j-n 

Omo-95 10.454a-f 4.7000a 0.8637n 6.2320gh 24.500b-d 59.483q-t 318.77s-t 
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Ramadan 10.453a-f 4.1170h-j 1.3943d-h 8.4857a 21.657j-n 62.379j-n 314.75v 

Red 
Wolait 

9.3603p-r 3.9337k-o 1.1123i-n 5.5843i-m 23.519d-h 62.075k-n 330.05g-k 

Roba 9.7667j-q 4.1113h-j 1.9827c 4.0800t 21.533j-n 62.607i-n 338.08ab 

SARI-I 9.7420k-q 4.5907ab 0.8427n 7.8160b 24.349c-e 60.476o-r 315.62uv 

SER-119 9.9433g-o 4.2147e-h 1.4123d-h 6.8003c-f 22.081i-l 62.349k-n 323.23o-r 

SER-125 9.8043i-q 4.2720d-g 1.1943g-m 5.4917j-n 22.326g-k 62.403j-n 327.70i-m 

Tatu 10.565a-d 3.7863o-r 0.9937mn 6.7650d-g 20.702m-p 63.953f-i 320.50r-t 

Tinike 9.6107m-r 4.0623h-l 1.0873j-n 5.9533h-j 25.980a 59.260q-t 326.93k-n 

KUfanzik 9.7397k-q 3.7183q-s 1.3760d-i 8.8930a 19.592o-q 65.574b-d 317.48t-v 

Waju 10.600a-c 4.5510a-c 1.1527h-m 7.2940b-d 24.621a-d 59.076r-t 315.98uv 

 

Grand 
Mean 

9.9842 4.0931 1.4503 5.9049 22.02 62.452 327.32 

CV 3.12 2.32 11.76 5.64 3.84 1.46 0.61 

LSD 0.5064 0.1544 0.2769 0.5404 1.3714 1.4765 3.2582 

               Means followed by different superscripts within a column are significantly different at P <0.05. 

 
 Beans contain several compounds that traditionally have been classified as anti-nutrients, which can 

interfere with the digestion and utilization of nutrients. These include protease inhibitors (PIs), lectins, 

phytates, oxalates and tannins (Bouchenak et al, 2013; Campos-Vega and Oomah, 2010). Anti- nutritionals 
are those compounds present in human foods or animal feeds that reduce nutrient utilization or food intake.  

                           
                              Table 4. Phytate content of common bean varieties (mg/g)) 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 
 

 

 
 

 

 
 

Means followed by different superscripts are significantly different at (P <0.05). 

 

In the present study, the concentration of phytate in 37 dry bean varieties was 

determined, since it is the major anti nutrient compound in dry beans. Because of its 

high density of negatively charged phosphate group, phytic acid forms a very stable 

complex with mineral ions rendering them unavailable for intestinal uptake. The 

Variety  X Phytate concentration (mg/g) 

Awash-1 14.937q Haramaya 14.910q 

Awash-2 23.636a Hirna 16.434m 

Awash-melka 17.407i Hundane 17.701h 

Ayenew 18.935f Ibado 16.491m 

Babile 21.715b KATB-1 12.929u 

Batagoni 16.649lm KATB-9 16.841kl 

Batu 12.794uv Lehodo 17.095j 

Beshibesh 20.201d Nasir 14.447r 

Cherecher 19.914e Omo-95 16.943jk 

Crascope 15.843o Ramadan 17.157j 

Deme 14.879q Red Wolait 12.604vw 

DRk 13.333t Roba 15.061q 

Dursitu 14.927q SARI-I 16.091n 

Ecab-0056 8.0815x SAR-119 12.419w 

Ecab-0081 18.047g SAR-125 14.579r 

Fedise 20.523c Tatu 21.715b 

Gobe Rash 17.034jk Tinike 16.037no 

Gofta 14.042s KUfanzik 14.163s 

  Waju 15.343p 

Grand Mean 16.266 

CV 0.85 

LSD 2.2565 
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concentration of phytate in common beans varies due to genetic differences between 

varieties and environmental factors, such as growing condition, agricultural practice 

and location. In the present study, the lowest and highest concentration of phytate 

among the thirty-seven varieties of common bean was 8.08 and 23.636 mg/g for Ecab-

0056 and Awash-2, respectively. In agreement with these results, it has been reported 

that the phytate concentration of common bean ranged from 6.00 to 25.10 mg/g dry 

weight (Maskus, 2010; Martinez Meyer et al., 2013; Derese  et al., 2012;  Pedrosa et 

al., 2015; Carvalho et al., 2015).  

 

Conclusion and Recommendation 
 
Bean varieties Awash-melka, DRK, Roba, Awash-1 and Awash-2 showed percentage 

washed drained weight greater than 60% in brine and 100-ppm calcium chloride, 

which satisfies the export standards. Results of the canning quality evaluation also 

suggested that these common bean varieties were appropriate for the canning purpose 

and thus, could be used as a row material for the bean canning industries. Among the 

varieties, ECAB-0056 showed the least phytate content, but with similar protein 

concentration as did the other varieties. However, variety Tinike, Awsh-melka and 

Gofta were found to be the best in terms of protein and low phytate content, as low 

phytate content of beans enhances the availability of mineral and digestibility of 

proteins in the gut. Therefore, some of these common bean varieties can be chosen for 

incorporation in weaning food mixtures and supplementary bean-based processed 

foods including fortified products, which might be used as an alternative to minimize 

the critical gap and the problem of protein malnutrition in the country.  
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    Abstract 
 

Barley (HordeumVulgare L.) is an annual monocotyledonous herb, belonging to the 

tribe Triticeae. It is the healthiest cereal crop mainly grown in the central highland of 

Ethiopia. So far, the national barley research program in Ethiopia has released 22 

improved food barley varieties. Therefore, this study was conducted to generate 

information about the nutritional composition such as proximate and mineral contents 

of these varieties. Proximate composition (crude protein, crude fat, crude fiber, total 

ash and carbohydrate) and micronutrients such ascalcium (Ca), magnesium (Mg), Iron 

(Fe) and Zinc (Zn) of the varieties were determined. Proximate composition and 

micronutrient contents varied (P < 0.05) among all varieties. Cross 41/98, Agegnehu 

and Abdene showed the highest protein content (14.10, 13.68 and 13.64% respectively). 

Differences (P < 0.05) in the protein content was detected, and might be attributed 

primarily to genetic background since all varieties were grown under the same 

environmental conditions.Therefore, these results may be useful in the food industry for 

the selection of barley varieties for human consumption and to produce substantially 

protein-enriched flour.  

 

Introduction 
 
Barley (HordeumvulgareL.) is the fourth most important cereal crop worldwide, after 

wheat, corn and rice (Marwatet al., 2012). In Ethiopia, barley has a long history of 

cultivation in the highlands (Fridissaet al., 2010). The diversity of barley types found 

in Ethiopia is probably not exceeded in any other region of comparable size (Bekele, 

1983). The principal uses of barley are as feed for animals, in the form of barley meal 

and as grain for malting and brewing in the manufacture of beer and whisky (Molina et 

al., 2002, Edney and Mather, 2004). However, in Ethiopia it is mainly used for making 

local food recipes and drinks, such as bread, kolo, genfo, beso, tela and borde and, 

thus, may be considered relatively underutilized with regard to its potential use as an 

ingredient in processed human foods (Malkki, 2004). Whole barley grain consists of 

about 65 - 68% starch, 10 - 17% protein, 4 - 9% β -glucan, 2 - 3% free lipids and 1.5–

2.5% minerals (Izydorczyket al., 2000). β –glucan isthe major fiber constituents in 

barley and had been shown to lower plasma cholesterol, reduce glycemic index and 

reduce the risk of colon cancer (Brennan and Cleary, 2005). Many studies have been 

conducted to determine the chemical composition and physical characteristics of cereal 

grains used in human and livestock feeding (Andersson et al., 1999). The genetic 

make-up and environmental factors, such as rainfall, temperature, and soil conditions 

and fertilization can contribute tovariations in the chemical composition and physical 
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characteristics of cereal grains (Metayer et al. 1993 and Rodehutscord et al. 2016). 

Thus, characterization of variations in the nutritional value of cereal grains that result 

from such factors may help to define appropriate breeding objectives for improving 

their value in nutrition (Rodehutscordet al., 2016).  

 

So far, the national barley-breeding program in Ethiopia has releaseda number of food 

barley varieties, targeting at only productivity and disease resistance, without any 

information regarding their nutritional composition.Therefore, the objective of this 

study was to assess the proximate composition and mineral content of twenty-two 

improved food barley varieties grown in the central highlands of Ethiopia. 

 

Materials and Methods 
 
Sample collection and preparation 
Grain samples of twenty-twoimproved food barley varieties harvested in 2015 

cropping season were collected from barley breeding program of Holetta Agricultural 

Research Center and DebreBirhan Regional Agricultural Research Center separately 

tagged individually and transported to Holetta barley quality laboratory. The samples 

were manually sorted, cleaned and homogenized by using grain homogenizer. Then, 

each sample was milled separately by using cyclone sample mill with 0.5mm sieve size 

and stored in paper bag for laboratory analysis.    

 
Proximate Composition 
Proximate compositions were determined usingthe method developed by Association 

of Official Analytical Chemist (AOAC, 2005). Moisture content (MC) was 

determinedusing weight difference by drying samples in air conviction oven at 105°C 

to a constant weight. Crude protein was determined using Kjeldahl method with SBS 

2000 analyzer unit (Food ALYT, Germany), where, the percentage nitrogen (%N) 

obtained was converted in to crude protein (% CP) using the relationship: % CP = % N 

multiplied by 6.25. Ether extract (crude fat content) was determined using soxlet 

extraction technique (Tecator-1050 extractor). Total ash (%) was determined by 

incinerating the samples in a muffle furnace at 550°C for 4hrs. The ash was cooled in a 

desiccator and weighed. Crude fiber content (% CF) was determined by dilute acid and 

alkali hydrolysis. Carbohydrate (CHO) content was calculated as CHO (%) = 100-

(%MC+%CP+%Fat+%Fiber+%Ash). 

 
Analysis of mneral content 
Calcium, magnesium, zinc and iron were determined by atomic absorption 

spectrophotometer (Agilent AAS 240, USA) after dry ashing to digest the sample 

according to the method of AOAC (2000).  
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Data collection and analysis 
All parameters were determined in duplicate. The results were analyzed using one-way 

ANOVA (Analysis of Variance) with statistical analysis software (SAS) version 20 

(SAS, Statistical Analysis System, 2004). Significance was accepted at 0.05 level of 

probability (p≤0.05) andmean separation was performed by “Each pair LSD t-test” for 

multiple comparisons of means. 

 
Results and Discussion 
 
Proximate composition 
There were significant variations (P<0.05)among the food barley varieties for 

proximate composition of whole flour samples as determined by the composition of 

protein, moisture content, crude fiber, crude fat, total ash, carbohydrate and energy, 

though they were grown in the same agroecology (Table 1). Protein content of food 

barley varieties ranged from 10.07% to 14.10% and such variation between different 

cultivars was also reported by Welch (1978). The result showed that varieties such as 

Cross 41/98, Agegnehu and Abdene have higher protein content than the other 

varieties with mean values of 14.10%, 13.68% and 13.64%respectively and could be 

considered as good source of protein as compared with other cereals.  

 

Moisture content of the samples were also significantly different (P<0.05) and ranged 

from 12.00% to 13.07% and this may due to the storage condition and hydroscopic 

capacity of the grains. Similarly, total ash content was significantly different among 

varieties and ranged from 1.43 to 2.3%, where Setegn, Estayish and Cross 41/98 were 

exhibited higher mean values 2.34%, 2.27% and 2.22% respectively than did the other 

varieties while Habru had lower mean total ash content (1.43 %). Crude fiber content 

was also significantly different among the varieties and ranged from 9.5 to 15.8% 

where Estayish and Agegnehu showed higher mean values 15.88% and 15.46%, 

respectively did that others (Table 1). 

 

Crude fat content was significantly different (P<0.05) among varieties, where HB1307 

exhibited higher (6.40%), while Tiret had lower (2.2%) mean value than did the other 

varieties. Rodehutscord et al. (2016), who reported that oil content ranged from 1.9 – 

4.1% and presented positive correlation with protein content, have reviewed similar 

result. The result of carbohydrate content of barley varieties under this study 

significantly differentat (P<0.05) and ranged from 45.69 to 58.45 %. Ardu-12-60B, 

Diribie, Dinsho and Belemi had higher CHO with meanvalue of 58.45%, 56.13%,55.92 

% and 55.14% respectively than did the other varieties (Table 1). Energy valuein 

Kcal/100g was significantly different for varieties and ranged between 271 – 324.30 

Kcal/100g. And this was also in good range of calorie level as some previous studies 

on cereals showed. Crude fiber, ash and carbohydrates contents of this study was 

similar with the result recorded in barley from Jordan, morocco and FAO (Erkan et al., 

2006). There was a negative relationship between carbohydrates and protein content of 

barley grain (Macleod, 1960), the same trend was also observed in this study. 
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                    Table 1:Proximate composition and energy in whole flour sample of food barley varieties 
 

Variety CP (%) MC (%) Ash (%) Fiber (%) Fat  (%) CHO (%) Energy 
(Kcal/100g) 

Shege 11.61ab 13.07a 2.16ab 10.00f 3.60cd 51.31bc 293.60gh 

Dimtu 10.54b 12.18b 1.96ab 11.47e 4.50bc 52.36b 300.28de 

Harbu 11.88ab 12.98a 1.43d 14.42b 5.01b 48.72bc 296.00fg 

Setegn 12.92ab 12.19b 2.34a 14.16b 2.75de 51.87b 292.39gh 

Belemi 12.61ab 12.39ab 2.21ab 10.13f 4.90b 55.14a 324.30a 

Cross41/98 14.10a 12.42a 2.22a 14.30bc 3.10d 48.04bc 285.74i 

Mezezo 12.40ab 11.72cd 2.03b 14.11bc 5.33b 47.21c 294.53fgh 

Estayish 13.10ab 12.61a 2.27a 15.88a 3.31d 48.76bc 286.78i 

Abdene 13.64a 11.35d 2.01b 13.45cd 4.43bc 49.66bc 301.97d 

Dinsho 10.07b 12.02bc 2.26ab 10.44f 3.40cd 55.92a 303.66d 

Besso 12.24ab 11.95bc 1.91bc 13.85c 4.71b 49.34bc 297.87ef 

IAR/H/485 12.13ab 12.16b 2.02b 12.83d 4.60bc 48.28bc 291.86h 

Mulu 12.53ab 12.00bc 2.08ab 12.21de 2.60de 52.38b 292.40gh 

HB-1307 12.77ab 12.09b 2.12ab 15.40ab 6.40a 45.69c 300.60de 

Gobe 11.35ab 12.15bc 1.84bc 14.74b 2.62de 51.34bc 283.83i 

Tiret 12.94ab 12.09bc 2.06b 14.79b 2.20e 49.56bc 283.61i 

HB-42 11.99ab 11.87cd 1.92bc 14.46b 3.20d 48.08bc 282.15i 

Ardu-12-
60B 

11.03ab 12.02bc 2.31ab 9.65f 3.70cd 58.45a 320.81ab 

Biftu 11.01ab 12.14b 2.07b 14.26b 2.73d 50.30bc 278.58j 

Agegnehu 13.68a 12.86a 1.74c 15.46ab 4.61bc 51.49bc 311.25c 

Diribie 12.48ab 12.39ab 1.69cd 10.90e 4.06c 56.13a 320.11b 

Tilla 11.70ab 12.01bc 1.96b 15.10ab 3.13d 46.97c 271.61k 

LSD 3.34 0.84 0.27 0.82 0.66 5.02 2.66 

Figures followed by same letters with in a column are not significantly different (P ≤ 0.05). 
Where, CP: Crude Protein, MC: Moisture Content, CHO: Carbohydrate. 

 
Mineral content 
Barley varieties showed significant difference (P ≤ 0.05) for major minerals (Table 2). 

Accordingly, the content of calcium was ranged from 0.003 to 0.082% and 

significantly higher in Shege and Dimtu (0.082% and 0.072%, respectively) than in the 

other varieties. On the other hand, variety Direbie and Tilla were lower in Ca content 

than others were.  
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Table 2: Some major mineral content of whole flour samples of food barley varieties 
 

Variety Ca (ppm) K (ppm) Zn (ppm) Fe (ppm) Mg (ppm) 

Shege 0.0819a 0.8024hi 0.0094c 0.0194de 0.3356cde 

Dimtu 0.0717b 1.5040ab 0.0051efgh 0.0323ab 0.4027b 

Harbu 0.0683bc 0.8710hi 0.0028kl 0.0108hi 0.2339gh 

Setegn 0.0665bcd 1.2988cd 0.0050fghj 0.0129ghi 0.3356cde 

Belemi 0.0646bcd 1.6737a 0.0129b 0.0334a 0.3726bc 

Cross 41/98 0.0635cde 1.0751egf 0.0066def 0.0149efg 0.3059efd 

Mezezo 0.0597def 1.4313bc 0.0049fgh 0.0183def 0.3309cde 

Estayish 0.0569efg 0.7741ij 0.0039hij 0.0266bc 0.2382gh 

Abdene 0.0547fg 0.9650fgh 0.0024l 0.0118hi 0.2106hi 

Dinsho 0.0505gh 1.2814cd 0.0035jkl 0.0134fgh 0.2991ef 

Besso 0.0504gh 1.2142de 0.0078cd 0.0186def 0.4707a 

IAR/H/485 0.0503gh 0.8878ghi 0.0083cd 0.0235cd 0.2707fg 

Mulu 0.0501gh 1.1158def 0.0054efg 0.0192def 0.3097efd 

HB1307 0.0462hi 0.8289hi 0.0057efg 0.0266bc 0.2377gh 

Gobe 0.0456hij 0.8845hi 0.0038hij 0.0242cd 0.2276gh 

Tiret 0.0432hij 0.8423hi 0.0045ghi 0.0122hi 0.1686ij 

HB-42 0.0415ij 0.5950jk 0.0023l 0.0191def 0.1499j 

Ardu-12-60B 0.0390ij 0.7138ijk 0.0030kl 0.0108hi 0.2407gh 

Biftu 0.0387ij 0.5478k 0.0029kl 0.0291abc 0.1906hij 

Agegnehu 0.0375j 0.8326hi 0.0245a 0.0136efg 0.2204ghi 

Diribie 0.0265k 0.5901jk 0.0068de 0.0071i 0.1998hij 

Tilla 0.0032l 0.7574ij 0.0033jkl 0.0191def 0.3264cde 

LSD 0.008 0.189 0.002 0.006 0.058 

               Figures followed by same letter (s) with in a column are not significantly different (P ≤ 0.05). 

 
Mean values of potassium (K) were also significantly different (P<0.05) for the 

varieties and ranged from 0.55 to 1.67%. Belemi (1.674%) had higher mean value of 

Kwhereas Biftuexhibeted the lowest value (0.55%). Similarly,Zinc (Zn) content of 

varieties also differ significantly and among the varieties.Agegnehu and Belemihad 

higher Zn content with average values of 0.024% and 0.013%, respectively than did 

others. Iron (Fe) content of barley varieties ranged from 0.007% to 0.033%.Again, 

Belemi and Agegnehu had higher Fe content than did others. As the result showed, 

Besso and Dimtu had higher mean value of Magnesium (Mg) content than did the other 

varieties (Table 2). Comparatively, Belemi was rich in major minerals than did the 

other varieties. The trend of mineral composition observed in present study was similar 
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with the chemical composition table of the FAO, Moroccan, East Asian and Latin 

American (Erkan et al., 2006) 

 

Conclusion 
 
The proximate composition and mineral contents of improved food barley varieties in 

Ethiopia has not been reported and documented. Therefore, in this study, proximate 

and mineral composition of twenty-two varieties was determined and significant 

difference was observed among varieties. Cross41/98, Setegn, Estayish, HB1307, 

Ardu12-60B and Belemi were better in proximate composition. In addition, Shege, 

Belemi, Agegnehu and Besso varieties were better in micronutrient composition. 

Therefore, these food barley varieties can be considered a good source of protein, 

energy and micronutrients and suitable for human consumption.And it is recommended 

to study nutritional composition of different food recipes prepared from these varieties.  
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    Abstract 
 

Barley (HordeumvulgareL.) is the traditional cereal used in the production of malt; the 

principal material for both alcoholic and non-alcoholic beverages. In this study, sixteen 

malt barely cultivars (four-varieties under production namely Holker, Traveller, 

EH1847 and IBON174/03) and twelve promising genotypes) harvested in 2014 main 

seasons were investigated for their grain, malt and wort quality parameters over three 

locations. The grain quality parameters were sieve size, hectoliter weight, thousand 

kernel weight, germination energy, moisture content and protein content and malting 

and wort quality parameters were hot water extract, soluble protein content, friability, 

diastatic power, free amino nitrogen and zinc content using standard methods. The 

result showed that cultivar MB1, MB3, MB5, MB7, MB9 and MB4 have better grain 

and malt quality as compared to the standard check over the three locations (Bekoji, 

Holetta and Ankober). Among the three locations, Kulumsa (Bekoji) was suitable for 

malt barley production as the grain and malt quality fulfil the standard requirements of 

European Brewery Convention (EBC) and Asela Malt factory standard (Ethiopia).  

 
Introduction 
 
Barley (HordeumvulgareL.) is the traditional cereal used in the production of malt; the 

principal material for both alcoholic and non-alcoholic beverages. Ethiopia is ancient 

origin of barley and considered as a center of diversity for the crop, because of the 

presence of great diversity in ecology (Berhane,1991). The diversity of barley types 

found in the country is probably not exceeded by any other region of comparable size 

(Bekele, 1983). It is mainly produced in the southeastern part of Ethiopia in Arsi and 

Bale zones (Getachew et al., 2007) and mainly used for making local recipes and 

drinks such as Bread, kolo, genfo, beso, tela and borde.  

 

Malt is the second largest use of barely and now a daysit is considered as one of the 

cash crops and its demand by malt factory is increased due to expansion of breweries 

and beer consumption levels in the country (Tura, 2015). Getachew et al. (2007) have 

reported that malt barely is among crops demanded in good quantity and quality. 

However, inadequate supply to the brewery industries, which hindered the growth of 

the sector.Due to this, in 2011, Breweries in Ethiopia, imported 60% of the malt 

primarily from international producers (Ethiopian Barely Business Association, 2012). 

To this end, the agriculture research system is expected to develop high yielding malt 

barley varieties that satisfy standard requirements of the brewery industry. Therefore, 

mailto:biadgekefale@yahoo.com
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this study was conducted to investigate grain physico-chemical and malting properties 

of promising malt barley cultivars that help to select best cultivars that fulfil both 

European and Ethiopian brewery standards and for further use in breeding programs 

 

Material and Methods 
 
Plant  materials and locations 
The experiment was conducted on sixteen malt barley cultivars collected from Arsi 

zone of Oromia region (Kulumsa agricultural research center), north shewazone of 

Amahara region (Deberebrhan regional research center) and central high land of 

Ethiopia (Holetta agricultural research center)during 2014/2015 cropping season. Four 

of the cultivars, whichwere used as standard checks (Holker, Traveler, EH 1847, and 

IBON174/03) have been previously released and are under production and the 

remaining twelve were promising cultivars under National Variety Trial. Planting and 

field management was carried out as per the recommendation for the crop.  

 
Physico - chemical analysis 
Grain size of samples was determined using 2.8mm, 2.5mm and 2.2mm vibrating 

sieves. Germination energy was determined by taking 100 barley kernels and spreading 

on wetted (4ml distilled water) filter paper lined on petri dishes (90mm).The kernels 

were allowed to germinate at nearly 100% relative humidity set at a temperature of 

16°C in germination cabinet for 3 days (Analytica - EBC, 2013). Moisture content was 

determined using oven drying method, where 3g barley flour was weighed on 

analytical balance and oven dried at 105ᴼC for 3 hours. The moisture lose on drying 

was calculated and expressed in percentage of the pre-drying sample mass (Analytica - 

EBC, 2013).Thousand kernel weight was determined by taking 100 barley kernel 

samplesweighed using analytical balance and multiplied by 10. Hectoliter weight was 

determined for dockage free samples using a standard hectoliter weight apparatus 

(grain analysis computer (GAC) 2100) (AACC, 2000). Kjeldahl method (AACC 

(2000) determined protein content of each barley variety.  

 
Malt quality analysis 
Malt was prepared using a Phoenix Automated Micro malting system (Phoenix Bios 

stems, Adelaide, Australia). The mashing process was done according to the Analytica 

- EBC mashing method. Friability was analyzed using a PfeufferFriabilimeter, which 

uses a pressure roller to grind the sample against a rotating screen. Low, medium and 

high friability malts were tested according to EBC method 4.15 (Analytica - EBC, 

2013). Soluble protein content was determined by taking 20 ml wort, which was 

transferred in to kjeldahl flask containing 3ml of sulfuric acid and antifoam was added 

to prevent excess foaming. After drying, 20ml sulfuric acid and 10g of catalyst was 

added. The digestion, distillation and titration were completed as described in 

Analytica - EBC method. The diastatic power of the malt was determined according to 

ASBC (2008). The free amino nitrogen value was determined from the wort sample 

based on a small-scale version of the IoBNinhydrin method. Concentrationsof zinc was 

determined by shaking, first the wort was homogenizing the wort, which was then 

filtered through dry zinc free filter paper, and the first 4 ml filtrate was discarded.Then, 
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2.0 ml of wort sample and 8.0ml 0.01 mol/l HCl successively pipetted in a test tube 

and mixed well. The solution was subjected to atomic absorption spectrophotometer 

analysis and zinc content was determined using calibration curve made by standard 

concentration of reference zinc solution.  

 

Results and Discussion 
 
Grain quality  
 

Grain size (sieve size): There was significant difference (P < 0.05) among varieties 

for grain size. MB1 had the highest mean grain size (92.66%), while varieties MB12 

had the lowest value (Table 1). It has been reported that the grain size percentage 

should be >90% for 2-rowed barley and >80% for 6-rowed barley (Anonymous, 

2012).Hence, grain size of most of the materials in the present study fulfills the 

standard requirement of the industries and Ethiopian malt factory except, variety MB12 

(78.83%). Growing location showed significant difference (P<0.05) in grain 

size.Varieties grown at Bekoji had higher mean grain size than cultivars grown at 

Ankober and those grown at Ankober had in turn higher mean value than did those 

from Holetta (Table 2). Industry standards for grain size are set as total percentage of 

grain > 2.5mm, while Ethiopian standard requirement for malt shows that>80 % must 

be above 2.8 and 2.5mm sieve size. Therefore, Bekoji and Ankober were found to be 

suitable for the production of malt barley and Holetta was not. Similarly, Fox et al. 

(2003) have demonstrated that both genetic and environment affect grain size of malt 

barley. 

 
                                Table1: Effect of barley variety on grain size, germination and moisture content of grain. 
 

Genotype/Variety Grain size (%) Germination energy (%) Moisture content 
(%) 

1.MB1 92.66±3.46c 89.33±5.13e 11.46±2.84 

2.MB2 86.00±15.82b 64.33±23.54c 11.10±2.65 

3.MB3 90.8±7.70b 96.33±1.15f 11.30±2.72 

4.MB4 80.50±25.89a 87.66±9.29d 10.83±2.85 

5.MB5 91.93±5.74c 93.66±7.09f 11.00±3.00 

6.MB6 83.40±13.13a 68.66±27.30c 11.26±2.96 

7.MB7 89.90±7.18b 65.00±34.04c 10.96±2.70 

8.MB8 86.06±9.30b 76.33±10.69d 11.33±2.85 

9.MB9 87.96±10.48b 96.00±6.08f 11.83±2.70 

10.MB10 85.80±20.36b 99.33±1.15f 10.73±2.55 

11.MB11 80.10±17.95a 94.33±8.14f 11.10±3.05 

12.MB12 78.83±17.87a 87.00±13.52e 11.33±2.80 

13.MB13 83.63±10.53a 98.33±2.08f 11.33±2.99 

14.MB14 86.60±18.62b 13.00±4.58a 11.73±2.22 

15.MB15 92.56±3.63c 55.00±6.55b 11.10±2.88 

16.MB16 87.63±9.036b 91.33±9.01e 11.00±2.68 

 Figures followed by same letter (s) within a column are not significantly different 

(P≤0.05) 
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                                  Table 2: Effect of location on grain size, germination and moisture content of grain of 
                                                malt barley 

 

Location Grain quality parameter 

Grain size Germination energy Moisture content 

Holetta 72.62±11.38a 76.87±24.58a 11.44±.51b 

Debrebrhan (Ankober) 92.87±4.19b 85.93±26.34a 8.36±.62a 

Kulumsa (Bekoji) 94.07±2.96b 76.37±24.45a 13.83±.34c 

Means followed by same letter (s) within a column are not significantly 
different (P≤0.05) 

 
Germination energy (GE): The Germination energy is the total number of grains 

that germinate over 72hr of incubation under specified conditions (Woontonet al., 

2005). Average germination energy of barley cultivars grown at the three locations was 

not significantly different (P≤0.05), though it ranged between 76.37% for Bekoji and 

85.93% for Ankober (Table 2). On the other hand, germination energy was 

significantly different (P<0.05) among varieties and ranged between 13% for MB14 

and 99.33% for MB10 (Table 1). A minimum of 95% germination on a 3-day 

germination test is an absolute requirement. Any factor which interferes with the 

uniformity of germination or reduces the vigor of kernel growth during processing will 

reduce the quality of malts produced (Michael, 2014). In agreement with the findings 

of the present study, Swanston et al., (1995) noted differences in the genetic factors 

determining germination after three days of incubation and environmental effects on 

their expression.  

 

Moisture content: There were significant differences between locations for grain 

moisture content (P≤0.05). The average moisture content of grain was higher at Bekoji 

(13.83 %) and lowest at Ankober (8.36%) (Table 2). In contrary, moisture content was 

not significantly different (P≤0.05) for the varieties and varied between 10.00and 

11.9% (Table 1). These results suggest that moisture content of grain is mainly more 

affected by the environment than by variety. Moisture levels need to be low enough to 

inactivate the enzymes involved in seed germination as well as to prevent heat damage 

and the growth of disease-causingmicroorganisms. According to Fox et al. (2003), the 

maximum reasonable industrial specification of malt barley content for safe storage is 

12.5%, whereas moisture content of 12 -13% is accepted for EBC standard. 

 
Thousand grain weight (TKW): Thousand kernel weight was significantly 

(P≤0.05) affected by locations (Table 4). Cultivars grown at Bekoji exhibited greater 

TKW than did those from Ankober and Holetta (52.4 g 48.0gand 44.2 g, respectively). 

On the other hand, there was no significant difference (P≤0.05) among the cultivars for 

thousand-kernel weight (Table 3). It has been reported that thousand grain weight 

should be >45 g for 2-rowed barley and > 42 g for 6-rowed barley (Anonymous, 2012). 
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 Table 3: Effect of variety on Hectoliter weight, thousand kernel weights and protein content of malt 

barley grain 
 

 
Genotype/Variety 

Grain quality parameter 

Hectoliter weight(kg/hl) Thousand kernel weight(g) Protein (%) 

1.MB1 64.36±4.350a 48.96±3.53c 10.03±1.501a 

2.MB2 67.00±4.026b 46.80±5.23b 10.43±2.064b 

3.MB3 66.66±3.82b 47.80±3.56b 10.80±1.41b 

4.MB4 65.73±2.36a 50.13±6.21c 10.23±2.48a 

5.MB5 65.86±3.34b 47.53±3.66b 10.50±1.91b 

6.MB6 66.60±2.94b 50.63±4.25c 11.10±1.45b 

7.MB7 66.20±3.85b 46.50±3.051a 11.50±1.45c 

8.MB8 65.93±3.11b 45.40±4.51a 10.23±.92a 

9.MB9 67.90±3.06c 47.43±4.90b 9.86±1.30a 

10.MB10 65.33±3.80a 51.60±5.55d 10.46±1.27b 

11.MB11 65.30±4.38a 47.83±2.61b 10.33±1.87a 

12.MB12 66.56±1.98b 44.56±7.83a 10.96±2.00b 

13.MB13 64.566±2.87a 50.00±5.56c 9.96±1.46a 

14.MB14 64.53±3.35a 48.13±8.46b 9.66±.66a 

15.MB15 65.43±3.16a 46.66±3.00b 11.30±1.55c 

16.MB16 64.66±2.84a 51.10±1.94d 10.46±1.78b 

                    Means followed by same letter (s) within a column are not significantly different (P≤0.05) 

 

Hectoliter weight: Hectoliter weight of malt barley grown in different locations was 

significantly different (P≤0.05) andcultivars from Holetta (67.88 kg/hl) had the highest 

hectoliter weight and those from Bekoji (62.33 kg/hl) had the lowest (Table 4). 

Hectoliter weight (HLW) has been shown to be influenced by growing environment 

(Molina-Cano et al., 2001), which supports the result obtained in this study. Test 

weight (TW) (bulk density or HLW) is an industry standard for classifying malt and 

feed barley. Barley with plumper grains and a higher test weight should have a greater 

percentage of starch orenergy in the grain and should be lower in fiber (Shewry and 

Morell, 2001). Hectoliter weight is one of the best-correlated parameters for malt 

quality and significantly affected by location.  

 

Protein content: The analysis of variance revealed significant differences between 

locations for grain protein content (P≤0.05), which was higher at Kulumsa 

(Bekoji)(11.87 %) than at Holetta and Ankober (10.6% and 9.0%, respectively) (Table 

4). It has been reported that grain protein content is influenced largely by both 

genotype and environment (Bathgate, 1987). The protein content of malt barley 

cultivars in the present study showed no significant difference (P≤0.05), though it 

ranged from9.66% for MB14 to 11.5 % for MB7 (Table 3). In line with this, it has 

been reported that desirable protein content range for 2-rowed barley is 9.0-11.0% and 

for 6-rowed barley is 9.0-11.5% (Anonymous, 2012) and barley used for malt should 

have a grain protein concentration (GPC) below11.5percentage, as higher protein 

content will deteriorate malting and lead to poor beer quality. 
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                  Table 4: Effect of location on hectoliter weight, thousand kernel weight and protein content of malt barley grain. 

 

Location Grain quality parameter 

Hectoliter weight(kg/hl) Thousand kernel weight (g) Protein (%) 

Holetta 67.88±1.61c 44.17±3.62a 10.60±.95b 

Debrebrhan(Ankober) 67.16±1.63b 48.01±2.62b 9.00±.60a 

Kulumsa(Bekoji) 62.33±1.71a 52.39±2.93c 11.87±.88c 

 Figures followed by same letter (s) within a column are not significantly different (P≤0.05) 

 

Malt quality  
 
Hot water extract (HWE): Fine ground hot water malt extract of cultivars grown at 

different locations exhibitedsignificant difference (P≤0.05). The extract amount was 

higher forHolettasamples (72.74%) than for Bekoji (70.66%) and Ankober (68.04%) 

(Table 6), and indicats that variation in growing condition resulted in a wide range of 

malt extract values. In line with this, Fox et al. (2003) have reported that quality of the 

extract is influenced by several factors such as environmental and growing conditions, 

including temperature, fertilizer application and availability of nitrogen or moisture. 

On the other hand, the variation among cultivars was not significant for HLW 

(P≤0.05), but ranged from 67.18 % for MB1 to 72.91% for MB1 (Table 5). Hence, the 

extract content of promising cultivars was found to be similar with that of the released 

varieties. The extract yield reflects the extent of enzymatic degradation and the 

solubility of grain components after malting and mashing (Swanston et al., 2014).EBC 

requirement for hot water extract value ranges from 75.0-80.7%, but all cultivars in this 

study did not fulfill this standard.  

 
   Table 5: Varietal effects on malt quality of fine ground hot water malt extract (%), friability and solubleprotein content. 
 

Genotype/Variety Malt quality parameter 

Fine ground malt extract (%) Friability (%) Soluble protein content of wort (%) 

1.MB1 72.91±3.475c 54.73±7.5b 4.66±1.18c 

2.MB2 71.70±4.978c 62.56±7.88c 3.94±0.60b 

3.MB3 70.91±1.940b 69.60±10.71d 4.21±0.62b 

4.MB4 67.18±4.69a 61.00±3.29c 4.80±0.39d 

5.MB5 71.21±2.23b 52.96±15.02a 4.25±0.69b 

6.MB6 71.90±1.20c 51.80±0.91a 4.79±0.68d 

7.MB7 71.86±2.71c 53.23±11.47a 5.43±0.86e 

8.MB8 68.67±4.614a 54.00±9.6a 4.61±0.38c 

9.MB9 71.98±1.88c 60.50±0.7c 5.06±1.28d 

10.MB10 72.19±4.96c 60.60±0.72c 4.46±1.22c 

11.MB11 69.75±3.28b 55.92±4.53b 3.51±0.83a 

12.MB12 68.59±4.37a 61.40±4.97c 5.29±1.45e 

13.MB13 70.77±3.16c 61.65±1.81c 4.82±0.42d 

14.MB14 71.70±1.52c 67.16±10.42d 4.09±0.22b 

15.MB15 68.74±6.11a 50.90±14.16a 4.38±0.82c 

16.MB16 67.65±3.40a 71.70±5.99e 4.56±1.29c 

 Figures followed by same letter (s) within a column are not significantly different (P≤0.05) 

 
Friability: Friability is a measure of the breakdown of malt endosperm cell wall 

components. Malt friability should be >60% (Anonymous, 2012). In the present study, 

variation for friability was not significant (P≤0.05) between locations. The mean value 
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of friability forHoletta, Ankober and Bekojisamples was 56.95%, 57.65% and 63.46% 

respectively (Table 6). Cultivars grown at Bekoji were best in friability. An increase in 

friability reflects a more extensive modification of the endosperm during malting. 

mostly with respect to degradation of the protein matrix and cell walls (Chaponet al., 

1979).The results also showed that, there was no significant difference(P≤0.05) among 

cultivars for friability content, though the mean values ranged from 50.9% for MB15 to 

71.7% for MB16 (Table 5) with about 44% of the varieties had friability percentage of 

<60%. When barley endosperm is properly modified during malting, the resulting malt 

is soft and friable. Factors that interfere with endosperm modification, such as poor 

germination, large kernel size and high protein, are expected to reduce malt friability 

(Edneyet al., 2014). 

 
    Table 6:  Location effect on malt quality of fine grind hot water malt extract (%), friability (%) and soluble protein 

content of wort. 
 

 
Location 

Malt quality parameter 

Fine grind malt 
extract (%) 

Soluble protein contentof 
wort (%) 

Friability (%) 

Holetta 72.74±1.74b 4.40±0.69a 56.95±9.95a 

Debrebrhan(Ankober) 68.04±2.77a 4.41±1.19a 57.65±7.31a 

Kulumsa(Bekoji) 70.66±3.99a 4.85±0.61b 63.46±9.37b 

Figures followed by same letter (s) within a column are not significantly different (P≤0.05) 

 
Soluble protein content: Soluble protein content of malt was not significantly 

(P≤0.05) affected by location. However, the highest soluble protein content was 

obtained from Bekoji samples (4.85%), followed by those from Holetta and Ankober 

(4.40 and 4.41%, respectively) (Table 6).Similarly, there was no significant difference 

(P≤0.05) among the cultivars for soluble protein content, though the mean values 

ranged from 3.51% for MB11 to 5.43% for MB7 (Table 5). In protein-protein linkages, 

the stabilize foams are responsible for mouth feel and flavor stability, and in 

combination with polyphenols, they are thought to form haze. As amino acids and 

peptides, they are important nitrogen sources for yeast (Steiner et al., 2011).  

 
Diastatic power: The variation for diastatic power (DP) was not significant 

(P≤0.05) between locations, though the mean value was higher for Ankober 

(372.01WK) than for Holetta and Bekoji samples (370.69 and352.97WK, respectively) 

(Table 7). Diastatic power, the total activity of starch degrading enzymes in barley 

malt, is considered an important quality characteristic for malting and brewing 

(Allison, 1986). The conversion of barley into beer represents humankind’s oldest and 

most complex example of applied enzymology. Indeed, historically some of the most 

significant advances in enzymology have been linked to the world of brewing, such as 

Eduard Buchner’s extraction of enzymes from brewing yeast and Adrian Brown’s 

kinetic analysis of invertase (Brown, 1992). The results of the present study also 

showed that there was no significant difference (P≤0.05) among varieties for diastatic 

power.However, mean values for the varieties ranged from 288.80WK for MB11 to 

428.60WK for MB16. The desirable range for diastatic power is 90-110
o
L or 200-

300WK for 2-rowed cultivars and 90-120
o
L for 6-rowed ones, hence, most of the 

cultivars in the present study had the desirable range for DP.  
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Table 7:  Effect of location on diastatic power andfree amino nitrogen content of malt (wort) 
 

 
Location 

Malt quality parameter 

Diastatic power Free amino nitrogen 

Holetta 370.69±57.68a 275.29±54.06b 

Debrebrhan (Ankober) 372.01±69.77a 260.90±40.57b 

Kulumsa (Bekoji) 352.97±49.87a 235.71±49.74a 

Figures followed by same letter (s) within a column are not significantly different 

(P≤0.05) 

 
Free amino nitrogen (FAN): There was no significant difference (P≤0.05) among 

varieties for FAN, but the values ranged from 223.48ppm for MB6 to 357.06 ppm for 

MB7. Similarly, there was no significant difference between locations (P≤0.05) 

though; the value of free amino nitrogen was the highest (275.29ppm) for Holetta 

samples and the lowest for Kulumsa (bekoji) (235.71ppm) (Table 7).  Generally, the 

specifications for a normal fermentation require FAN levels between 140-160 

mg/l(250-400ppm).Hence, cultivars grown at Holetta and Ankober fulfil this 

requirement. High FAN value is considered a good index for potential yeast growth 

and fermentation. Protein modification also involves the production of wort amino 

acids and small peptides (dipeptides and tripeptides), collectively known as free amino 

nitrogen (FAN). Adequate levels of FAN in wort ensure efficient yeast cell growth 

and, hence, a desirable fermentation performance (Enari, 1974). 

 
Conclusion 
 
The result of the present study showed that cultivar MB1,MB3,MB5,MB7,MB9,MB10 

and MB4 exhibited acceptable grain quality (grain size, germination energy, moisture 

content, hectoliter weight, thousand kernel weight, and protein content). Malt quality 

(hot water extract amount, soluble protein, free amino nitrogen, diastatic power, and 

zinc content) as compared to the standard checks (MB13, MB1, MB14 and MB16). 

However, some did not fulfil the standard requirements of brewery industries. Among 

the locations,Kulumsa (Bekoji) was found to be suitable for quality malt barley 

production, as the grain and malt quality traits were in the acceptable range, followed 

by Debrebrhan (Ankober).Therefore, it was concluded that there are appreciable 

genetic variations among the malt barleycultivars and, growing environment greatly 

affects both grain and malt quality attributes. 
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Abstract 

 
In Ethiopia, sorghum is the third most important staple cereal crop after teff and maize. 

In addition, it is mostly used to make Injera and Tella, which are Ethiopian traditional 

food and alcoholic beverage, respectively. It is also a good source of energy, protein 

and minerals. In the present study, 35 sorghum varieties were used and subjected to 

physicochemical and nutrient analysis. The physicochemical and nutritional parameters 

of sorghum, such as moisture, ash, crude fat, crude protein, total fiber, total 

carbohydrate, food energy value and anti-nutritional factors, such as tannic acid 

(tannin), were analyzed. The results showed that most physio-chemical and nutritional 

values were significantly different (p≤0.05) for varieties. The moisture content ranged 

from 9.661 to 12.937 %; ash value from 1.119 to 2.294%, crude fat from 2.481-4596 %, 

crude fiber from 2.1655 - 8.5865% and protein from 8.201-16.476%. Total 

carbohydrate and food energy values were  found to be 67.558-76.413 % and  329.05-

364.24 Kcal,  respectively.  In addition, the anti-nutritional values of tannin (mg/100g) 

ranged between 0.381-3342.200mg. This study showed that the physicochemical 

composition of sorghum varieties was significantly different and, thus, the varieties 

have different nutritional profile. 

 

Introduction 
 
Sorghum (Sorghum bicolor L. Moench) is one of the most important cereals and is 5

th
 

in terms of land coverage and production and grown in the semi-arid tropics of the 

world (Beta et al., 2004). It is consumed mostly in northern China, India, and southern 

Russia, where about 85% of the crop is consumed directly as human food (Dendy, 

1995, Dicko et al, 2006).   

 

In Ethiopia, sorghum is the third most important staple cereal crop after teff and maize 

(CSA, 2012) and its productivity could be enhanced through effective breeding 

programs using locally adapted and well-characterized germplasm. Sorghum is known 

for its drought, soil toxicity and temperature variations tolerance and requires minimal 

fertilizers on marginal lands for cultivation, thus, playing a critical role for food 

security in some semiarid areas of Asia, Africa, and Latin America (Beta et al., 2004; 

Dicko et al., 2006). This crop is grown in almost all regions of Ethiopia as a staple 

food crop, which the livelihhod of millions of poor Ethiopians depend on. It has 

tremendous uses for the Ethiopian farmers and no part of this plant is ignored.They are 

using it for multiple purposes such as food (injera and bread), animal feed and used as 

the basic ingredient in some local beverages like tella. 

mailto:masreshaminuye@gmail.com
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The nutritional properties of sorghum are unique and variety-dependent. Sorghum is 

gluten-free, thus, can be consumed by people with celiac disease and it is obvious that 

relatively low digestibility of both protein and starch with great potential for weight 

and obesity management due to the presence of some anti-nutritional factors 

(polyphenol) such as tannin (Dykes and Rooney, 2006). Since sorghum is gluten free, 

it provides a good basis for gluten-free breads and other baked products like biscuits, 

snacks and pasta. The yield and nutritional quality of sorghum is affected by a wide 

array of biotic and abiotic constraints (ICRISAT, 2004) and variety dependent. 

Therefore, the aim of the present study was to profile the nutritional (chemical 

composition) and anti-nutritional values of sorghum varieties grown in Ethiopia.     

 

Materials and Methods 
 
Materials  
Thirty-five sorghum varieties, which were collected from Melkassa Agricultural 

Research Center, were used for this study. Seed samples were cleaned manually for 

dust particles, damaged seeds and strange materials. Equipments, chemicals (analytical 

grade) and glassware required for this investigation were available in food science and 

nutrition laboratory at Melkassa Agricultural Research Center.  

 

Nutritional  analysis  
Sorghum varieties were analyzed for moisture content, ash, fat, fiber, protein, total 

carbohydrate, food energy value and the anti-nutritional factor of sorghum (tannin) was 

determined. All the determinations were done in triplicate and the results were 

expressed as the average value of the triplicate samples. 

 
Moisture content determination  (method of AOAC 925:10. (2000 ) 

About 2 g of well-homogenized sorghum flour samples were transferred to dried and 

weighed dishes. Sample containing dishes were placed in an oven and dried for 1 h at 

130°C (until constant weight). Then, the dried samples were removed from the drying 

oven, cooled in desiccators to room temperature, and reweighed. 

 
Where, W1= weight of cap/dish and fresh sample, W2= weight of dry sample and cap/dish and 

Sw= sample weight 

 

Total ash content determination (method of AOAC 923:03AOAC (2000)) 

Four grams of well-homogenized sorghum flour was put in to a clean crucible of 

predetermined weight. The sample-containing crucible was placed in a muffle furnace, 

which was adjusted at 550 
o
C. The samples were ignited until it became light gray. 

Then, the samples were removed and cooled in a dedicator at room temperature and 

weighed.  

 
Where W1 = Weight of ash + crucible after ashing, W2 = Weight of empty crucible and  

SW = Weight of sample taken 
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Fat content determination (method of AOAC 945:16(2000)): It was determined 

by soxhlet extraction method, where 2 gram of sorghum flour was weighted and put 

into an extraction thimble. The mouth of the thimble was plugged with fat free 

absorbent cotton wool. The receiver flask of the soxhlet was clean, dried and weighed 

accurately before the sample was introduced into the soxhlet extractor. The apparatus 

was assembled and filled with petroleum ether (b.p.35-60C) spirit to half capacity of 

the volume of the flask.  Then, the extraction was performed for 4 hours, the extracted 

fat was removed and oil or fat containing flasks were attached it to the rotary 

evaporator to evaporate the major portion of the solvent. Using dry oven evaporater, 

the last traces of the solvent was removed at 103 
O
C for 30 minutes and the dried flasks 

that contain fat were cooled in   a desiccator and then reweighed.  

 
Where, WF = weight of the receiver flask and fat deposits, W = weight of empty receiver flask 

and SW= Weight of sample used. 
 
                              Table 1: Description of sorghum varieties  
 

Variety Potential growth area Purpose of Release Seed color 

Abshir (Dry lowlands < 1600 
masl) 
 

Striga resistance White 

Gobiye 

Abuare Early 
 

White 
 

Dekeba 

Misikir 

Hormat 

ESH-1 High yielder 
 

White 
 

ESH-3 

Gambella 1107 

Gedo-1 

Red swazi For Malt Brown 

Macia White 

Teshale  
Early, quality 
 

White 
 

Meko-1 

Melkam 

Chiro Highlands (>1900 
masl) 
 
 

High yielder, Sweet 
stalk 

Brown 

AL-70 High yielder, quality White 

Dibaba  
High yielder 
 

Brown 
 

Chelenko 

Muyra-1 

Muyra-2 White 

Dagim Intermediate altitudes 
(1600 ) 
 

High yielder 
 

 
 
 
Brown 
 
 

Baji 

Birmash 

Geremew 

IS 9302 
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Abamelko(Sartu) High yielder, disease 
resistance 
 Lalo 

Dano Orange 

Emahoy Wet lowlands (< 1600 
masl) 
 

High yielder, disease 
resistance 
 

Brown 

Adukara Red 

 

Crude fiber content: was determined by acid digestion method of AOAC (2000), 

where 2 gram of pre-defatted sample (fat free) sample was transferred into a one-liter 

(1 liter) beaker. The sample was digested in hot plate for 1 hr with mixture of equal 

volume of 2.5MH2SO4 and 2.5M NaOH. Then, it was filtered by moisturizing with 

small portion of ethanol. The filtrated (resulting residue) was transferred to a porcelain 

crucible and dried in an oven at 100
0
C until a constant weight, cooled and weighed 

(W1) and, then, the dried content of crucible was incinerated at 600
0
C for 3 hrs in a 

muffle furnace until all the carbonaceous matters were burnt. The crucible after 

incinerating was removed cooled and weighed (W2). 

 

 
Where, W1 = weight in gram of porcelain crucible and sample before ashing, W2 = weight in 

gram of porcelain crucible containing ash and SW = weight of sample in gram 

 

Protein content: it was determined by Kjeldahl method (AOAC method (2000)), 

where 0.5 gram of sorghum flour sample was weighed into 50ml kjeldahl flask and 8 

ml of concentrated H2S04 was added with one spoon of copper and potassium sulphate 

mixture catalyst. Samples were digested until pure colorless solution was observed. 

Then, the digested samples were distilled by using distillation unit and the distilled 

vapor gas (Ammonia) was collected with 25 ml of a mixture of 2% boric acid indicator 

(bromocresso green plus methyl red). The distilled sample was titrated by 0.1N HCl 

until the first appearance of pink color. 

 
Where; -a = normality of the acid; b = volume of standard acid used (ml), corrected for the 

blank (i.e., the sample titre minus the blank titre); w = sample weight (g); and 6.25 = conversion 

factor for protein from % nitrogen. 

 

Total carbohydrate: Total carbohydrate content of the sample was determined by 

difference method by subtracting measured protein, fat, ash and moisture from 100 

(Pearson, 1976) 
 

Total Carbohydrate (%) =100 - {Moisture (%) +Protein (%) + Fat (%) + Ash (%)} 
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Gross food energy: was estimated using the following equation. 
FE = {(%TC-%CF) x 4} + (% TF x 9) + (%TP x4) 

 

Where, FE = Food energy in Kcal/g, TC = Total carbohydrate, CF = Crude fiber, TF = Total fat 

and TP = Total protein. 

 

Tannin content: Tannin was determined by using Vanillin-HCL-assay methods 

using UV-spectrophotometer (Burns, 1971) as modified by Maxson and Rooney 

(1972). One gram of sample in a screw cap test tube was measured and then 10ml 

1%HCl in methanol was added to the tube containing the sample. The tube was put on 

mechanical shaker for 24 hr at room temperature and centrifuged at 1000 G for 5 

minute. One ml supernatant was taken and mixed with 5ml of vanillin-HCl reagent in 

another test tube, waited for 20 minutes to complete the reaction and, then, the 

absorbance of the color intensity of the sample was measured using UV-visible 

spectrophotometer at 500nm. 

 
Where; as= sample absorbance; Ab= blank absorbance; d = density of solution (0.791g/ml) and 

w = weight of sample in gram.  

 

Statistical analysis 
 
The collected physicochemical and the non-nutritional data were subjected to analysis 

of variance technique ANOVA for Completely Randomized Design (CRD) and all Pair 

Wise Comparison tests were used to compare treatment means, whereas the Least 

Significant Difference (Steel et al., 1997) test was used  to separate the means at 

P<0.05. 

 

Results and Discussion 
 

Nutritional analysis   
The results for each parameter showed that the value of moisture content ranged from 

9.661 to 12.937%; ash ranged from 1.119 to 2.294 %; fat from 2.481 to 4.596%; crude 

fiber from 2.1655 to 8.5865%; protein from 8.201 to 16.476% (Table 2). Moreover, 

total carbohydrate and food energy value from 67.558 to 76.413% and 329.05 to 

364.24 K Cal, respectively (Table 3). The range for moisture, ash, protein and fat 

contents was consistent with that of Codex   Standard   172 and 173 (1989) revised in 

1995 (Ivan, 1989). In addition, the results of fiber content were within the same range 

as reported by   Ivan (1989). 

 

As observed in the present study, sorghum is a good source of carbohydrate, energy, 

protein and minerals and somehow it has good fiber content. The highest ash (total 

mineral) content (2.294%) was recorded for variety Gobiye and this result was similar 

with some previous findings. On the other hand, higher protein content was recorded 

for variety Miskir (16.476%); Muyira-2 (16.180%) and ESH-4 (16.178%). In addition, 

the other important characteristics of   sorghum, which is fiber content, had also higher 
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values for variety Abure (8.5865%); Lalo (8.1615%); Gambella-1107 (8.0665%) and 

Karimtams (7.8385%).  The carbohydrate contents of Emahoy, Dibaba and Assossa-1 

were higher with the respective values of 76.413, 76.154 and 76.142 g/100g, while 

higher energy values  were recorded for variety Dagim (364.24 Kcal/g); ESH-1 

(360.41Kcal/g); Macia (360.33 Kcal/g); Adukara (359.74Kcal/g) and Assossa-1 

(358.40Kcal/g) (Table 3). 

                     Table  2: Proximate compositions of sorghum varieties (g/100g) 
 

Variety Moisture 

(%) 

% Ash % Fat %Crude 

Fiber 

Protein (%) 

Abamelko 10.411g-j 1.5100b-e 3.5625e-g 5.6010kl 8.9810m 

Abshir 10.984cd 1.6295b-e 4.0005cd 6.9995ef 12.716d 

Abure 10.244i-l 1.6010b-e 3.2715g-k 8.5865a 11.541f 

Adukara 10.429f-j 1.7140b-e 3.3955g-k 2.1655u 9.0180m 

Al-70 11.534b 1.6005b-e 3.9240cd 6.5915g 11.079gh 

Assossa-1 10.283h-l 1.1195f 3.2945g-k 3.1150qr 9.1610m 

Baji 11.073c 1.4875c-e 3.5120e-i 6.0240h-j 9.8240kl 

Birmash 10.806c-f 1.8410b 3.5405e-h 3.4415o-q 10.870ghi 

Chelenko 9.9805k-n 1.6450b-e 4.5360ab 5.4420l 10.197jk 

Chiro 11.693b 1.7405b-d 3.8305de 6.4280g 11.644f 

Dagim 10.637d-h 1.4315d-f 4.5960a 2.6160st 10.675hi 

Dano 10.251i-l 1.7365b-d 2.5705no 4.3435m 11.104g 

Dekeba 10.555e-i 1.6215b-e 2.5345no 6.5725g 9.9665kl 

Dibaba 10.563e-i 1.4605c-f 2.8040m-o 4.0055mn 9.0190m 

Emahoy 10.276h-l 1.4720c-e 2.7530no 3.8435no 9.0865m 

ESH-1 10.602d-i 1.6140b-e 4.3420ab 3.1080qr 13.572c 

ESH-3 12.937a 1.6775b-e 3.1370k-m 7.0445ef 13.648c 

ESH-4 11.482b 1.5055b-e 3.2780g-k 2.4015tu 16.178ab 

Gambella1107 10.674d-g 1.4255d-f 3.4810f-j 8.0665bc 8.4250n 

Gedo 9.9690l-n 1.8015bc 2.7205no 3.3490pq 10.514ij 

Geremew 10.453f-j 1.7670b-d 4.2100bc 7.3385de 10.959gh 

Gobiye 10.730c-g 2.2940a 3.2905g-k 7.6890cd 13.718c 

Hormat 10.476f-j 1.5595b-e 2.6165no 6.3535g-j 12.284e 

IS-9302 10.652d-h 1.7100b-e 3.5205e-i 6.4655g 10.697ghi 

Jiru 11.488b 1.4900c-e 3.2150h-k 5.3660l 8.2015n 

Karimtam 9.6605n 1.6140b-e 2.8440l-n 7.8385bc 15.913b 

Lalo 9.7610mn 1.4860c-e 3.2000i-k 8.1615b 9.5955l 

Macia 10.398g-j 1.4405d-f 3.8155d-f 2.8480rs 12.447de 

Meko 10.110j-m 1.6615b-e 3.8005d-f 3.6010op 12.610de 

Melkam 11.724b 1.6695b-e 3.1550j-l 6.3870gh 9.5965l 

Miskir 9.9590l-n 1.7295b-e 2.4810o 6.4735g 16.476a 

Muyira-1 10.473f-j 1.5140b-e 3.5705e-g 5.9830i-k 9.7425l 

Muyira-2 10.355g-k 1.5605b-e 3.8220de 6.6415fg 16.180ab 

Red Sewz 10.956cd 1.6370b-e 3.3905g-k 7.0300ef 12.540de 

Teshale 10.880c-e 1.3885e-f 3.5735e-g 5.6805j-l 11.072gh 

CV 1.77 10.5 4.83 3.59 1.8 

LSd (P < 

0.05) 

0.3834 0.3419 0.3351 0.4031 0.4169 

 Means followed by different superscripts/letters with in a column are significantly different at 

P <0.05) 
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                          Table 3: Carbohydrate and Energy value of sorghum varieties 
  
 

 

 

 

 

 

 

 

 

 

 

 

Means followed by different superscripts/letters with in columns for a given variable are 
significantly different at P <0.05. 

  

Anti-nutritional factor  
The concentration of tannins in sorghum grains ranged from 0.381mg/100g for variety 

Macia to 3342.200mg/100g for Lalo (Table 4). This result was within the range 

reported by Codex   Standard 173 (1989) revised in 1995. In line with this, it has been 

reported that phytate and tannin are the most abundant anti-nutritional factors in 

sorghum especially tannin is present in high concentration (Selle et al al., 2010). Thus, 

restricts use of the crop as a food source, as multiple phenolic hydroxyl groups of 

tannins may form stable complexes with protein, metal ions or minerals and other 

macromolecules like polysaccharides (Choct and Hughes, 1999) and reduce the 

digestively of proteins and availability of the nutrients in the gut. 

 

It was observed that variety Dano and Lalo had significantly higher amount of tannin, 

which was 2474.7mg/100g and 3342.200mg/100g, respectively, whereas the lowest 

concentration was observed Teshale; Gambella-1107 and Macia with respective values 

of 0.8935mg/100g; 0.8200mg/100g and 0.3815mg/100g (Table 4).  

 

                                          

Variety CHO (%) FE (Kcal/g) Varieties CHO (%) FE (Kcal/g) 

Abamelko 75.536b-d 347.73gh Gambella1107 75.995a-c 336.74o-q 

Abshir 70.669qr 341.55j-m Gedo 74.995d-f 353.12d-f 

Abure 73.343i-l 334.63pq Geremew 72.612l-n 342.82i-l 

Adukara 75.444b-e 359.74b Gobiye 69.966rs 333.60q 

Al-70 71.863no 340.72k-n Hormat 73.063j-l 339.52l-o 

Assossa-1 76.142ab 358.40b IS-9302 73.421i-k 342.29j-l 

Baji 74.103g-i 343.22i-k Jiru 75.606b-d 342.70i-l 

Birmash 72.942j-l 353.35de Karimtam 69.968rs 337.77n-p 

Chelenko 73.642h-j 354.41c-e Lalo 75.957a-c 338.37m-o 

Chiro 71.092pq 339.71l-o Macia 71.899m-o 360.33b 

Dagim 72.660k-m 364.24a Meko 71.819op 357.51bc 

Dano 74.338f-h 347.53gh Melkam 73.855hi 336.65o-q 

Dekeba 75.322c-e 337.67n-p Miskir 69.355st 339.76l-o 

Dibaba 76.154ab 349.91fg Muyira-1 74.701e-g 345.97hi 

Emahoy 76.413a 351.40ef Muyira-2 68.082uv 344.88h-j 

ESH-1 69.870s 360.41b Red Sewz 71.477op 338.46m-o 

ESH-3 68.601tu 329.05r Teshale 73.085j-l 346.07hi 

ESH-4 67.558v 354.84cd    

CV 
LSD P < 
0.05) 

0.52 
0.7676 

0.49 
3.4068 
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 Table 4. Tannin content of sorghum (mg/100g) varieties 
 
 
 
 
 
 
 
 

Means followed by different superscripts/letters within columns are 

significantly different at P <0.05 

 

 

Conclusion and Recommendation 
  
In an attempt to profile and quantify the nutritional composition of sorghum varieties 

grow in Ethiopia and identify the best genotypes, it was observed that there were 

significant differences among the varieties for chemical composition and anti-

nutritional value. The best sorghum varieties were found to be Miskir, Muyira-2 and 

ESH-4 for protein content,  Emahoy, Dibaba and Assosa-1 for carbohydrate, Dagim, 

ESH-1, Macia, Adukara and Assossa-1 for energy value and Teshale, Gambella1107 

and Macia in terms of   anti-nutritionals factor (tannin). Hence, it was concluded that 

such evaluations of different varieties of sorghum are very important for designing and 

development of products of higher nutritional quality and to help sorghum breeders to 

further develop varieties with better nutritional values. However, it is recommended 

that further study on micronutrient content, functional property and phytat content is 

necessary to have comprehensive information on nutritional quality of the varieties.   

 

   

Variety Tannin(mg/100g) 
(dry matter base) 

Varieties Tannin (mg/100g) 
(Dry matter base) 

Abamelko 2443.4c Gambella-
1107 

0.8200tu 

Abshir 1.0120s-u` Gedo 5.0075q-s 

Abure 15.752p Geremew 168.65l 

Adukara 499.77g Gobiye 170.02l 

Al-70 4.7050q-t Hormat 7.5560q 

Assossa-1 786.15e IS-9302 176.77j 

Baji 126.80o jiru 253.24h 

Birmash 157.25m Karimtam 13.704p 

Chelenko 13.523p Lalo 3342.2a 

Chiro 171.77kl Macia 0.3815u 

Dagim 126.45o Meko 1.9730r-u 

Dano 2474.7b Melkam 1.4790r-u 

Dekeba 5.4095qr Miskir 1.3660r-u 

Dibaba 174.79jk Muyira-1 207.37i 

Emahoy 766.77f Muyira-2 15.245p 

ESH-1 1.6970r-u RedSwez 901.98d 

ESH-3 1.7575r-u Teshale 0.8935tu 

ESH-4 144.75n 

Grand Mean 376.72 

CV 0.53 

LSD (P<0.05) 4.0743 
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    Abstract 
 

Proximate and fatty acid compositions of two sunflower cultivars (Rassian black and 

Oissa) and one safflower (Turkana) cultivar were evaluated. Proximate analysis of the 

sunflower and safflower seeds was carried out using AOAC method and fatty acid 

profile was determined using Gas Chromatograph-Mass Spectrometer. The result 

showed that sunflower cultivar Oissa was higher in percentage of fat (46.9%) than 

Rassian black (44.3 %) was and oil content of safflower cultivar Turkana was 25.1 %. 

The fatty acid composition of seed oil indicated that the predominant fatty acid in 

Turkana was linoleic (74.9 %), followed by oleic (16.5%), palmitic (6.7%) and stearic 

(1.8 %).The fatty acid composition of cultivar Oissa was higher in linoleic 

(56.2%),compared to Rassianblack (32.9%). On the other hand, Rassianblack was 

higher in percentage of long chain mono unsaturated fatty acid (oleic acid) content 

(56.6%), compared to Oissa (31.7%), and had lower palmitic and stearic acid content 

than did Oissa. Therefore, sunflower and safflower cultivars with high linoleic and oleic 

fatty and low saturated fatty acids (palmiticand stearic) appeared to be suitable for 

human consumption. 

 

Introduction 
 
Oilseeds are the mainstay of the rural agrarian community and play an important role 

in the nationaleconomy of Ethiopia. Oilseeds, apart from being source of oil, have a lot 

of nutritional value. They provide 35-50% fat or oil, 20-30% protein, 20-35 

carbohydrate and 4-6% essential minerals that have numerous health benefits (Misteru 

et al., 2013). Oil content and fatty acid synthesis of crops are influenced by many 

factors, such as genotype, ecology, morphology, physiology and management 

(timeliness of field operations, variety, plant density, fertilization etc.) (Al Surmi et al. 

(2015). 

 

Lipids and triacylglycerol naturally occur in oils and fats. Their chemical composition 

involves saturated and unsaturated fatty acids and glycerides. Unsaturated Fatty acids 

(FAs) are classified as monounsaturated (MUFA) and poly unsaturated (PUFA) fatty 

acids. Edible oil is an essential nutrient and an important source of energy providing 

nine kcal/g.Edible oils are vital constituents of our daily diet, which provide energy, 

essential fatty acids and serve as a carrier of fat-soluble vitamins. Oils in the diet are 

available to the body as fatty acids, which are excellent sources of dietary calorie 

intake. However, high fat dietsenhance the incidence of coronary heart disease (Romon 

et al., 1995, Simon et al., 1995). 

mailto:biadgekefale@yahoo.com
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Nutritionists recommend vegetable oils asimportant part of a healthy diet due to their 

high contentsof fatty acids (Maehre et al., 2014). However, distribution and content of 

fatty acids differ with plant sources of oils and processing technology used for their 

production. Sunflower and safflower oil is considered premium oil due to its lightcolor, 

mild flavor and low level of saturated fats (Putnam et al., 1990). The aim of this study 

was therefore, to evaluate nutritional composition and fatty acid profile of improved 

sunflower and safflower cultivars.  

 

Materials and Methods 
 
Twosunflower cultivars namely, Rassian black and Oissa and one safflower cultivar, 

Turkana, were evaluated for proximate and fatty acid composition. A Kg of seed was 

collected fromnational oil seed research program based at Holetta Agricultural 

Research Center. 

 
Sample preparation 
The collected samples were ground with ultra-centrifugal mill and stored in a plastic 

vial for laboratory analysis. 

 
Proximate composition analysis 

 
Moisture content  
Moisture content of the oil seeds was determined using oven drying method. Two g of 

ground sample was dried in air conviction oven at 130
0
C and the weight difference 

(before and after drying) was calculated and expressed as percentage moisture content 

(AOAC, 2000). 

 
Crude fat (oil content)  
The oil content of ground sunflower and safflower seeds was determined by extracting 

2 g of sample with hexane for 6 hours in soxhlet extraction system according to AOAC 

(2000).  

 

Protein content 
Crude protein content was determined using Micro Kjeldahlsystem. 0.25g of sample 

was digested by adding 10ml of sulfuricacid with selenium mixture as catalyst for 2 

hours. After light green color was observed, the digest solution wascooled, transferred 

into 100ml volumetric flask, and made up to final volume of 100 ml with distilled 

water. Micro Kjeldahl distillation apparatus was used to distill 25ml of the prepared 

digest by the addition of 70 ml of 40% sodiumhydroxide. The blue color changed to 

dark brown as distillation proceeded. The released ammonia was condensed and 

collected into a receiver containing 30mlof boric acid with indicator solution. The 

condensedammonia was then back titrated with 0.01M HCl to pink color end and crude 

protein content was calculated from the nitrogen content as follows. 
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Where: VS  = ml of standardized acid used to titrate a sample, VB  = ml of 

standardized acid used to titrate a reagent blank,  N  = normality of standard HCl, 

14.01= atomic weight of nitrogen, W = weight, in grams, of sample, 10   = factor to 

convert mg/gram to percent: 

% Crude protein = % Kjeldahl Nitrogen × 6.25 

 
 Ash content   
Ash content of ground seed was determined by incinerating the sample in furnace 

using crucible.  There gram of the ground sample was weighed out into the crucible 

and placed in a temperature-controlled furnace at 500
0
C for about 5hours. The crucible 

was then cooled in desiccator and immediately weighed, and ash content was 

calculated as: 

 

% Ash =  

 
Analysis of fatty acid methyl esters   
Analysis of fatty acid methyl ester (FAME) was carried out using Gas Chromatograph 

Mass spectrophotometer (GC-MS) (Agilent Technology model 7820A). The GC was 

equipped with Mass Spectrometer detector and stainless-steel column (30 x 0.250m). 

The column was conditioned at 180 ℃ for about 2 hours to attaining thermal stability 

before use. The operating condition was programmed at oven temperature of 150 
0
C 

(hold time 5min) with increasing rate of 8℃/min to190 ℃ (hold time 0 min) and 

injection temperature at 350 ℃. Peak identification was established by comparing the 

retention times with very spectral library and quantified based on relative peak area of 

the fatty acid spectrum. 

 

Result and Discussion 
 
Proximate composition  
The proximate composition of sunflowercultivars Oissa and Rassian blackshowed 

moisture content of 6.9 and 7.0%, protein content of 14.9 and 16.5%, fat content of 

46.9 and 44.3 %, and ash content of 3.6& 2.4%, respectively. The oil yield of Oissa 

was higher than that of Rassian blackand both cultivarsfulfil the Australian oilseeds 

federation (AOF) standards, which is a minimum of 40% (AOF, 2016).On the other 

hand, safflower cultivar Turkana was found to have 8.1% moisture, 9.6% protein, 

25.1% oil (25.1%) and 2.2% ash (Table 1). The oil content of Turkana falls within the 

range of 24.53 % to 28.47 % which some safflower varieties exhibited in Ankara, 

(Bilal et al, 2007).In general, the result of the present study showed that sunflower seed 

oil, protein and total mineral were higher than that of safflower (Table 1). 
                      
                           

10 x W

14.01 x N x )V - V(
 = Nitrogen Kjeldahl % BS
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                     Table 1: Proximate composition of sunflower and safflower cultivars 
 

Cultivar Protein (%) Moisture (%) Oil (%) Ash (%) 

Oissa 14.9 6.9 46.9 3.6 

Rassian black 16.5 7.0 44.3 2.4 

Turkana* 9.6 8.1 25.1 2.2 

                       *Safflower cultivar 

 
Fatty acid composition  
The fatty acid composition of total lipids extracted from seed of sunflower and 

safflower cultivars is presented in Table 2. The result showed that, the predominant 

fattyacids in seed oil of safflower cultivar Turkana were linoleic acid (74.9 %), 

followed by oleic (16.5%), palmetic (6.8%) and stearic (1.8 %). These results agree 

with data previously reported by Bilal et al, (2007) and Al Surmiet al. (2015) in Turky 

and Egypt, respectively. Linoleic acid is relevant for human health in the prevention of 

particularly cardiovascular disease, coronary heart disease and cancer, inflammatory, 

hypertension; diabetes type two, renal diseases and rheumatoid arthritis. Their non-

substitutable roles in many biological pathways are crucial (De Caterina et al., 2000, 

Abedi and Sahari, 2014). Furthermore, Al Surmiet al., (2015) have reported that the 

fatty acid composition of vegetable oil is a main factor affecting its commercial uses 

and influenced by a lot of factors such as genotype and environmental conditions. 
 
       Table 2: Fatty acid composition of seed oil of two sun flower and one 

safflower cultivars (in % total fatty acids) 
 

Fatty acid Sunflower Safflower 

Oissa Rassian black Turkana* 

Palmitic (C16:0) 7.37 6.82 6.75 

Stearic (C18:0) 5.75 3.59 1.84 

Oleic (C18:1) 30.67 56.66 16.49 

Linoleic (C18:2) 56.19 32.91 74.90 

                            *Safflower cultivar 

 
Fatty acid composition of the two sunflower cultivars Rassian black and Oissa was 

highly different (Table 2). It was observed that Oleic acid (C18:1) was the major fatty 

acid in Russian black (56.6%), and it is believed to be very useful in lowering 

cholesterol content (Gard et al., 1989). On the other hand, linoleic acid (C18:2) was the 

major fatty acid in Oissa (56.2%). In line with this, relative concentration and 

distribution of fatty acids in dietary fats has been reported to be an important factor in 

considering nutritional values of lipids as well as the key factor with proved effects of 

lowering the risk of cardiovascular diseases (Mišurcováet al.,2011). According to 

Codex Alimentarius (Codex stan210-1999), sunflower seed oil for edible purpose 

should have 5-7.6% palmitic,2.7-6.5% stearic,14-39.4% oleic and 48.3-74% linoleic 

andfor safflower, palmiticshould be 5.3-8%,stearic1.9-2.9%,oleic8.4-21.3% and 

linoleic67.8-83.2%.Hence,all the fatty acids detected for both sunflower and safflower 

seed oil in the present study were in the acceptable range. 
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Conclusion 
 

Proximate and fatty acid composition of sunflower and safflower cultivars generally 

varied andthere was also a difference in fatty acid composition of the two sunflower 

cultivars.Sunflower seed had higher oil content than safflower seed. Between the two 

sunflower varieties, Oissa had higher oil yield than did Rassian black. It was observed 

that the predominant fatty acid in safflower cultivar Turkana and sunflower cultivar 

Oissa seed oil was linoleic acid. On the other hand, the major fatty acid in seed oil of 

Rassian black was oleic acid. In general, all the oil seeds evaluated in the present study 

meet the FAO codex standards for human consumption. Therefore, consider these oil 

seedscan good sources of essential fatty acids and suitable for human consumption, 

though amino acid composition of the seeds and physico chemical characteristics of 

their oil need further study. 
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Abstract 

 
The study of physico-chemical and nutritional composition of mango varieties in 

different regions is of great importance, due to the existence of enormous genetic 

diversity and differences in soil and climatic conditions.The aim of this study was, 

therefore to evaluate the physico-chemical and nutritional characteristics of mango 

fruits from central rift valley area of Ethiopia. Four mango varieties, namely Tommy 

Atkins, Apple, Kent were evaluated for physical (fruit weight, fruit length and juice 

volume) and chemical parameters (pH, total soluble solid (TTS), titrable acidity (TA), 

TSS/TA, total carotenoid and vitamin C) and proximate composition using standard 

laboratory procedures. The results showed that, variety Keitt had higher physical 

quality asevaluated by fruit weight, fruit length and juice volume.Chemical 

characteristics of mango fruitssuch as pH, TSS,TA, TSS/TA, total carotenoid and 

vitamin C showed significant (P ≤ 0.05) difference due to varieties. Apple mango had 

higher chemical quality, which was observed from the values of pH, TSS and carotenoid 

content, whereas Keitt mango was better in vitamin C content (ascorbic acid) and citric 

acid level. Similarly, mango varieties also showed significant (P ≤ 0.05) difference for 

proximate composition as evaluated by fruit moisture, ash, crude fat,crude fiber, crude 

protein and carbohydrate contents and food energy value.Therefore, it was concluded 

that the four mango varieties differ from each other in physical, chemical and 

nutritional characteristics.  

 

Introduction 
 

Mango Mangifera Indica L.) (referred to as “The king of fruits”, is one of the delicious 

tropical seasonal fruit and believed to be originated in the sub-Himalayan plains of 

Indian subcontinent.Mangois one of the nutritionally rich fruits with unique flavor, 

fragrance,tasteand,thus,provide health benefits to humans 

(http://www.fruitsinfo.com/mango-health-benefits-nutrition-values.php). Mango is not 

only delicious but also rich in prebiotic dietary fiber, vitamins, minerals and 

polyphenol, flavonoid and antioxidant compounds. It is also medicinal, a natural 

antioxidant and very good source of both vitamin A and vitamin C (Criquiand Ringel, 

1994; Ajila et al., 2007). Mango is mostly eaten fresh as dessert and processed as 

juices, jams, jellies, nectarsas well as crisp mango chips (Hamdard et al., 2004). The 

fruit should be mature enough and ripen very well to have the necessary nutritional 

value. The main physico-chemical attributes related to ripening quality of mango fruit 

include firmness, flesh color (sometimes peel color), total soluble solids content, 

mailto:masreshaminuye@gmail.com
http://www.fruitsinfo.com/mango-health-benefits-nutrition-values.php
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titratable acidity and aroma volatiles (Lalelet al.,2003; Yashoda et al., 2006). Accurate 

determination of fruit ripening stage is important for fresh cut products to provide a 

consistent supply of good quality fruit for retail marketing (Saranwong et al., 2004). 

 

In Ethiopia, there are four varieties of mango namely Kent, Keitt, Apple and Tommy 

Atkin and greatly distributed in major mango producing areas, such as central rift 

valley and Assosa. The nutritionalvalue of mango varies depending oncultivar 

(Othman and Mbogo, 2009; Rodriguez-Amaya, 1998), cultivation practice (Hofmanet 

al., 1995), climatic conditions (Léchaudel and Joas, 2006), ripeness at harvest (Lalelet 

al., 2003; Jacobiet al., 1995), and postharvest storage and treatment of the fruit (Nunes 

et al., 2007; Hofmanet al., 1997). 

 

Physico-chemical, nutritional and sensory profile of mango cultivars constitutes a very 

strong basis as substantial quality parameters for promoting mango export in a highly 

competitive international market. These quality traits have been extensively studied in 

almost all major mango-producing countries around the globe, but in Ethiopia there is 

no as such comprehensive evidence.So, the present research work was carried out to 

assess different physico-chemical and nutritional characteristics of fruits of four mango 

cultivars grown in central rift valley of Ethiopia. 

 

Materials and Methods 
 

Sample collection  
The study was conducted in Food Science and Postharvest Technology Research 

Laboratory of Melkassa Agricultural Research Center (MARC), Ethiopia.Fruits of four 

mango varieties (Apple mango, Tommy Atkins, Keitt, and Kent) at similar stage of 

maturity were collected from different trees. Each sample was collected from ten 

mango trees randomly selected from each variety grown at MARC horticultural 

research plot in central rift valley of Ethiopiain the year 2015. The selected fruits were 

free from mechanical damage, insect and disease infestation and physiological 

disorders and stored at 12 
0
Cprior to analysis. 

 
Sample preparation  
Fruits collected from each variety were washed with deionized water to remove surface 

dust particles and the water stains was removed quickly with a blotting paper.The 

peels, pulp and seed (kernel) of the fruits were removed using clean sharp knife and the 

flesh homogenized. Some parameters were measured using parts of the fleshes of the 

mango fruitsand the remaining parts were lyophilized for further analysis.Each 

parameter was determined in triplicate. 

 

Fruit physical characteristics   
Each fruit was weighed usingsensitive balance to determine fruit weight. Digital 

caliper was used for measuring fruit width and fruit length. Color of skin and pulp was 

determined using color chart. The average value of samples taken from ten mango trees 

was calculated to determine each physical parameter of the fruits. 
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Physico-chemical characteristics 
pH was measured by immersing electrode of the pH meter(Type H1 98106, HANNA) 

in mango juice sample in 50 ml beaker.Titratable acidity was determined using AOAC 

(2000),where 0.01M NaOH was titrated against 10ml of the mango juice filtrate using 

digital burette in the presence of phenolphthalein indicator. The end of the titration was 

indicated by a change in color of the sample to pink. The amount of acid in milligram 

per hundred grams (mg /100g) was calculated as 

 

 
 
Where:TA = Titrable acidity, molarity of NaOH = 0.01, 0.22= conversion factor for citric acid, 

since it is present in mango, V = volume of titrant, DF (dilution factor) = 10, 1000 = conversion 

to mg/100g, Ft = quantity of filtrate used and S = sample weight, Total soluble solid (TSS) was 

determined using an Atago hand refractometer (Type ATAGO, Model-9099). A drop of 

homogenized mango pulp was placed at the prism of a calibrated hand refractometer, the lid 

was closed and reading was taken at 20°C±1 and results expressed in Brix. Vitamin C (Ascorbic 

Acid) was determined using methods of Vitamin Assay.   

 

Total carotenoid content of the samples was performed spectrophotometrically using 

the method described by Rodriguez-Amaya (1988), where 5 g of mango flesh sample 

and 3 g of Celite was transferred into a mortar and the mixture was ground with pestle 

by adding 50 ml of cold acetone (acetone kept in refrigerator for about 2 hr.). It was 

then filtered with suction through a Buchner funnel with filter paper. Then, the extract 

(liquid) sample was placed in to a 500ml reparatory funnel and about 40 ml of 

petroleum ether was mixed with the extract in the separator funnel. About 300 ml of 

distilled water was add slowly and allowed to flow along the walls of the funnel. The 

upper phase left in the funnel was washed 3 times with 200 ml distilled water. The 

petroleum ether phase was collected in a 50ml volumetric flask, making the solution 

pass through a small funnel containing about 15 g of anhydrous sodium sulfate to 

remove the residual water. The sample was maintained to a volume of 50 ml by adding 

petroleum ether and the absorbance was measured at 450 nm using UV-

spectrophotometer. 

 
Total carotenoid (µg/g) = [A × volume (ml) × 10

4
] / [A1cm

1%
 × sample weight (g)], 

Where A = absorbance; volume = total volume of extract = 50 ml and 

A
1%

1cm  = absorption coefficient of β-carotene in petroleum ether (2592). 

 

Proximate composition 
The proximate composition of each sample of mango fruits was determined using the 

method of AOAC (AOAC, 2005).  Moisture content was determined by drying ground 

sample in air convection oven at 130 
0
C for one hour. Total ash was determined by 

incinerating 2 g of ground sample in furnace at 550 
0
C until the color was changed to 

grey/white. Crude fat/oil was determined by soxhlet extraction method, where the 

sample was extractedin cellulose thimble with petroleum either in extraction chamber 

for 4 hours.  Crude protein was determined using kjeldhal method (AOAC, 2005). 

Total carbohydrate was calculated by difference method using the following equation. 
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Total Carbohydrate (%) =100 - {Moisture (%) +Protein (%) + Fat (%) + Ash (%)} 

 
Statistical analysis 
 
Statistical analysis of the data was carried out using analysis of variance (ANOVA) 

techniquefor Completely Randomized Design (CRD) and pairwisecomparisons test 

with the Least Significant Difference (LSD) test was used for comparison of the 

treatment means at P ≤ 0.05. 

 

Results and Discussion 
 
Physical properties of mango fruit  
There was varietal difference for physical characteristics of mango fruits. Accordingly, 

the highest average fruit weight (727.35 g) was observed for Keitt, followed by 

Tommy Atkins (466.88 g); while the lowest value was recorded for Apple (433.52 g)  

(Table 1). The average fruit weight obtained in this study was similar with the result 

reported by Souza et al. (2018). Except fruit width, all other physical parameters, 

including fruit weight, length and juice volume were significantly different (P ≤ 0.05) 

among the varieties (Table 1). 

 
Physio-chemical characteristics 
It has been well documented that fruit weight is related to the genetic factors of each 

cultivar, as large fruits with average weight of up to 510 g (Schnell et al., 2006) 

characterize variety Keittfrom a genetic improvement program in Florida (USA). 

Besides, fruit weight is directly affected by climatic factors; especially precipitation 

and water supply are of prime importance, during fruit development, as growth is the 

result of cell elongation that depends on the water content within the cell (Souza et al., 

2018). Furthermore, variety Keittexhibited the highest juice volume, which is 

interesting quality for industry. 
 

Table 1: Physical characteristic of fruits of different mango varieties 
 

Means followed by different superscripts within a column are significantly different at (P ≤0.05 

Variety Skin color Flesh color Fruitweight /1 
fruit (g) 

Fruit Width 
/1fruit(mm) 

Fruit length 
/1fruit(mm) 

Juice volume /1 fruit 
(ml) 

 
Apple 

Yellow with red  
Yellow 

 
433.52b±99.5 

 
91.157a±9.5 

 
93.225b±7.1 

 
316.50b±59.7 

 
Keitt 

Pink with red Golden-
yellow 

 
727.35a±50.6 

 
93.786a±3.6 

 
137.30a±17.9 

 
540.00a±13.9 

 
Kent 

Yellow with red  
Orange-red 

 
458.90b±62.9 

 
96.693a±4.8 

 
99.828b±5.2 

 
368.25b±20.1 

Tommy 
Atkins 

Red purple Yellow 
orange 

 
466.88b±51.5 

 
87.705a±6.9 

 
108.64b±5.3 

 
333.75b±25.6 

Mean 521.66 92.335 109.75 389.63 

CV 13.23 7.09 9.40 8.90 

LSD 106.36 10.09 15.89 53.44 
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pH value of the varieties showed significant difference (P≤0.05), and the highest pH 

was recorded for Tommy atkin, while the lowest value was for Apple mango (Table 2). 

The pH of all the varieties was found to be below 4.7, which indicate that they are 

acidic.As reported by Souza et al., (2018), fruits of different mango cultivars had an 

average pH of 4.0, which is lower than the values recorded in the present experiment. 

pH in the fruit pulp plays an important role in flavor promotion and as a preservation 

factor (Cruess, 1948). The highest average citric acid content, as evaluated by titerable 

acidity,was recorded for Apple (6.7mg/100g), followed by Kent, Tommy atkin and 

Keitt with values of 3.84,3.54 and 3.48 mg/100g, respectively (Table 2).This result was 

in agreement with some previous findings for some varieties (Souza et al, 2018). In 

line with this, it has been reported that fruit acidity is directly related to the genetic 

makeup of mango germplasm and climate conditions under which the plant grown 

(Kaur et al., 2014). 

 

Total soluble solids (TSS) content in fruit pulp of mango was significantlyaffected 

(P≤0.05) by variety. The maximum TSS content was detected in the pulp of Kent 

(18.97°Brix),followed by Apple mango (18.07) and the minimum value (13.60) was 

recorded for Keitt (Table 2).TSS in fruit is an index used to determine its maturity and 

is a strong indication of the optimum harvesting time. As observed in the present study, 

differences in the TSS content of fruits could be attributed to genetic differences 

among varieties and variations in climatic conditions. 

 

Although different studies have shown different TSS values for mango, Othman and 

Mbogo, (2009) have reported that the range was 14.5-30.0, which accommodates the 

value for three of the varieties, except for Keitt in the present study. 
            
                  Table 2: Physio-Chemical characteristics of fruits of different mango varieties 
  

Variety pH TSS (brix) TA (citric 
acid) 

mg/100g 

Sugar /Acid 
Ratio 

Total carotenoid 
(µg/g) 

Vitamin C 
(mg/100g) 

Apple 3.86d 18.07b 6.40a 28.45c 27.20a 27.47c 

Keitt 4.00c 13.60d 3.48b 39.44b 15.57b 36.40a 

Kent 4.29b 18.97a 3.84b 49.62a 3.09c 32.79b 

Tommy atkin 4.73a 15.03c 3.54b 42.51b 13.18b 14.19d 

Mean 4.22 16.42 4.31 40.01 14.76 27.72 

CV 0.69 1.72 9.6 9.18 10 6.41 

LSD 0.05 0.53 0.78 6.92 2.78 3.35 

                   Means with different superscripts within a column are significantly different (P ≤ 0.05). 

 

Soluble solid to titerable Acidity Ratio or sugar to acid ratio was significantly (P ≤ 

0.05) higher for Kent (49.62) and the least value was recorded for Apple mango 

(28.45). TSS to TA ratio indicates the degree of sweetness of the fruit or its product, 

providing information about the predominant flavor, whether sweet or sour or a 

balance of the two. This ratio is one of the most used parameters to evaluate taste, 

being more representative than the independent measurement of sugars or acidity.  
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Apple mango had significantly greater total carotenoid content (27.20), while Kenthad 

the least value (3.09) (Table 2). Generally, all the four varieties of mango were 

significantly different (P ≤0.05) for carotenoid content. It has been reported that 

carotenoids are bioactive substances in food with powerful antioxidant activity and 

play vital role in enhancement of the immune response and reduction of the risk of 

degenerative diseases, such as cancer, cardiovascular diseases and muscular 

degeneration. Hence, the two mango varieties (Apple and Keitt) in this study seem to 

have more nutritional value and similar results also reported by Melo et al. (2006.). 

 

There was a significant (P ≤ 0.05) difference among varieties for vitamin C (ascorbic 

acid content). The highest vitamin C content was obtained from pulp of Keitt (36.40 

mg/100g) and the lowest value was recorded for Tommy atkin (14.19mg/100g) (Table 

2).Hence, the fruit pulps meet the minimum Vitamin C requirement of 15 mg/100g to 

80mg/100g as recommended by EU/WHO and NAFDAC for fruit groups (Ellong et 

al., 2015).  Based on this requirement, except Tommy atkin, the other three mango 

varieties appear to be good source of vitamin C. 

 
Proximate composition  
Moisture content of mango varieties ranged from 77.85% to 82.22 %.The highest 

moisture or lowest dry mater content was recorded for Tommy atkin, while the lowest 

moisture or higher dry mater content was recorded for Keitt (Table 3), and varietal 

differences were significant (P ≤ 0.05). Statically there was a significant difference 

among the fruit sat (p≤0.05). In agreement with this result, (Nwofia et al., 2012) have 

reported that moisture content of fruit pulps ranged from 77.85 to 82.22 % and this 

showed that the fruits have a short shelf life. Total mineral content (ash) varied from 

2.78 to 1.75% and except for Apple mango, the difference between varieties was non-

significant, Although Keitt had the highest and Apple mango hadthe lowest values 

(Table 3). Crude fat content of the varieties ranged from 0.76 to 2.29% and crude fiber 

was in the range of 0.81 to 2.74%, where varietal difference was significant for both 

parameters (Table 3). Similarly, total protein content was found to be in the range of 

1.75 to 2.74% and total carbohydrate content and food energy value ranged between 

77.31-71.66% and 326.55-312.87 Kcal/100g, respectively, with significant differences 

at (P ≤0.05) for mango varieties (Table 3).   
              

           
          Table3: The proximate composition of fruits of four mango varieties (in dry matter basis) 
        

  Means with different superscripts with in a column are significantly different at P ≤ 0.05 

 

Variety 
 

Moisture 
(%) 

Dry Matter 
(%) 

Ash 
(%) 

Crude 
Fat (%) 

Crude 
Fiber (%) 

Protein 
(%) 

CHO 
(%) 

Food Energy 
(Kcal/100g) 

Apple 82.49ab 17.51bc 1.75b 1.67b 1.94b 1.75c 77.31a 323.56ab 

Keitt 79.48c 20.51a 2.78a 2.29a 0.81c 2.74a 71.66b 315.04bc 

Kent 81.39b 18.61b 2.35a 0.77c 1.79b 2.04b 76.23a 312.87c 

Tommy 
atkin 

83.61a 16.38c 2.40a 2.53a 2.74a 1.76c 76.92a 326.55a 

Mean 81.74 18.25 2.32 1.82 1.82 2.07 75.53 319.5 

CV 1.16 5.18 12.33 11.9 14.95 0.54 1.54 1.44 

LSD 1.78 1.78 0.54 0.41 0.51 0.02 2.19 8.67 
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Conclusion 
 

The physical and physico-chemical characteristics and proximate compositions of four 

mangovarieties, namely, Tommy Atkins, Apple, Keit,t and Kent from Melkasa 

Agricultural research center, central rift valley of Ethiopia was determined.The results 

showed that variety Keitt was good in physical quality attributes,such as fruit weight 

and juice volume which are desirable for juice industry.  In addition, Keitt was better 

than others were for its vitamin C, total carotenoid (precursor of Vit A) and citric acid 

levels. Generally, there was appreciable variation among the four mango varieties for 

physical and chemical characteristics. Therefore, these data would serve as baseline 

information for both researchers and growers and traders toselect varieties with better 

quality for consumption, industrial use and export. 
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Abstract 
 
Cassava  is  a  dominant  main  food  for  many  developing  countries,  particularly  in  

humid and  sub-humid  tropics. In  this  study,  the  nutritional  composition,  toxic  

heavy  metal  and cyanide  content  of  cassava  roots of plants  grown  in  Jimma  Zone,  

southwest Ethiopia,  were  investigated. Cassava  root samples  were  collected  from  

five  selected  Woredas  (Districts)  of  the  Zone,  where  the  plant  usually  grows.  

Nutritional  compositions,  such  as  crude  fat,  protein  and fiber,  as  well  as  mineral  

contents  were  considered  in  the  study.  Accordingly,  crude fat,  protein  and  fiber  

content  of  cassava  roots  ranged  from 1.38-3.06%,  1.32-1.90%  and  1.58-2.96%,  

respectively.  The  concentration  of  mineral  elements;  including calcium, magnesium  

iron  and  copper ranged  from  153-436 mg/kg,  65-207  mg/kg,  54.23-127.03  mg/kg,  

and  0.09-0.36  mg/kg,  respectively.  In  addition,   recovery  of  the  minerals  and  

toxic  heavy  metals  was  between  81-120%.  In general, the  results  showed that 

cassava  root  samples collected from different localities were  rich  in  crude  fat,  

protein,  fiber  and  carbohydrate,  as well  as  in  mineral  contents.  Besides, the  level  

of  cyanide,  as  compared  to  the  limits  set  by  WHO, was  also low  and, thus, may  

not  cause  harmful  effect  on  human  health. 

 
Introduction 
 
Cassava (Manihot Esculenta Crantz) is a woody shrub native to South America. The 

plant is known for its edible starchy tuberous roots. It is a drought tolerant, staple food 

crop grown in tropical and subtropical areas, where many people are afflicted by 

malnutrition, making it a potentially valuable food for developing countries (Burrell, 

2003). Because of its capability in producing efficient food energy, availability 

throughout the year, tolerance to extreme stress conditions, and suitability to present 

farming and food systems in Africa, cassava plays a key role to alleviate the African 

food crisis (Hahn and Keyser, 1985). 

 

Traditionally, cassava roots are processed in various methods to produce numerous 

products and utilized in various ways according to local customs and preferences. 

Although its introduction period is not yet known, the crop is widely grown in south, 

southwest and western part of Ethiopia (Amsalu, 2006). Its use as a potential food crop 

in Ethiopia has been appreciated since the famine in 1984 (Teshome et al., 2004).  In 

Ethiopia, cassava is usually consumed by boiling the tubers. Cassava is the third most 

important source of calories in the tropics and the sixth most important food crop after 
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sugar cane, maize, rice, wheat and potato, in terms of global annual production (Anna 

et al., 2010).  Because of its versatile nature, cassava is referred as the drought, war 

and famine crop to several developing countries. Thus, it is an important crop to insure 

food security in a time of climate change (Nassar and Ortiz, 2007, Pearce, 2007; Lebot, 

2009). Cassava is known in Jimma area in different names and called "Muka Furno".  

 

For Ethiopians, the consumption of cassava as food is of immense importance and 

regarded as the food security crop for millions of people. However, the nutrient content 

of cassava roots, which are cultivated in Ethiopia, has not been well studied so far. 

Currently, the Ethiopian Institute of Agricultural Research (EIAR) (Tewodros and 

Yared, 2014) has initiated some works on cassava collection, introduction and 

evaluation of its productivity. However, the nutritional composition, mineral and toxic 

heavy metal as well as cyanide contents of the collected and introduced accessions 

have not been properly evaluated and remain unknown to both consumers and 

producers, though these constituents have direct bearing on human health and can 

greatly vary with genotype (variety), growth environment and processing method.  The 

objective of this study was, therefore, to evaluate the nutritional composition and to 

assess the level of some selected minerals and heavy metals in roots of locally 

available cassava varieties in Jimma area.  

 
Materials and Methods 
 
Sample collection  
Cassava root samples were collected from five purposively selected Woredas of Jimma 

zone (Mana, Sakachekorsa, Dedo, Sokoru and Gomma) and from Jimma Agricultural 

Research Center (JARC). Two varieties were collected from Gomma Woreda (white 

and red), but only the white variety was collected from the other four Woredas. On the 

other side, four known varieties (Chicha, Kello, Qulle, and Hawassa 1) were 

considered from JARC for comparison. 

 

Sampling and sample pretreatment 
Locally grown representative cassava root samples were collected randomly from the 

five selected Woredas of Jimma Zone to determine their nutritional value and the level 

of some heavy metals and anti-nutrients. The analysis was conducted by categorizing 

the samples into two groups, involving those, which were collected from the farmer’s 

farmland of the different Woredas and from JARC. All the analyses were conducted in 

triplicate. After collection, the root samples were washed with tap water to remove soil 

and the outer parts of the root were mechanically removed using knife. Then, the 

samples were transported to the laboratory, soaked overnight in plastic pot (Amsalu 

and Esubalew, 2011) and dried in an oven to a constant weight. The dried samples 

were ground using mortar and pestle and made ready for analysis in triplicate. 
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Sample digestion  

One g of powdered sample was weighed into the digestion tube and 2 mL of HNO3 

(69%), 2 mL of HClO4 (70%) and 3 ml of H2O2 was added using a pipette to each 

sample. Both the spiked and unspiked sample was digested for three hrs in digestion 

block, colorless aliquot was obtained and the digest was filtered to 50 mL volumetric 

flask and filled to the mark with distilled water (Novozamsky et al., 1993). The blank 

sample was digested in the same way as done for the sample and the digest was used 

for heavy metal and nutrient analysis by atomic absorption spectrophotometer (AAS).  
 
Determination of crude fat and fiber 
Dried ground sample loaded to the sample holder was scanned by near infrared 

spectroscopy (NIRS) and the percent of crude fat and fiber were recorded after spectral 

reading directly from the NIRS.  
 
Determination of ash 
Two grams of the ground sample was weighed into a porcelain crucible (Wa) and the 

sample was transferred into muffle furnace set at 550
0
C and ashed for 4 hrs. The 

crucible and its content was weighed after ashing (Wb). The percentage ash was 

calculated as:   
% ash = (Wb Wa) x 100 

Determination of crude protein  
 According to John (1883), 0.5 g of sample was weighed and transferred to digestion 

tube. 2 mL of H2SO4, and Se was added to the sample and digested for 3hrs. Acid 

digested samples were transferred to macro Kjeldahl flask, 20 ml boric acid solution 

was measured in Erlenmeyer flask and two drops of indicator solution was added and 

placed in the condenser. 75 ml of NaOH (40%) was poured to the distillation flask 

containing digests and 80 ml of distillate was collected. The distillate was titrated 

against 0.1 N H2SO4. Crude protein (CP) was calculated from percentage of nitrogen 

as: CP = 6.25 x %N. 

 
Determination of carbohydrate 
Total carbohydrate content was determined by difference method using the following 

formula. 
% carbohydrate = 100 - (ash% + moisture% + crude fat% + crude protein% + Crude fiber %) 
 

Determination of cyanide by titration 
20 g of grounded cassava root was transferred into a distillation flask and left to stand 

for 3hrs. It was then distilled until 150 mL of the distillate was obtained. 20 ml of 0.02 

M sodium hydroxide was added to the distillate and the volume completed to 250 ml in 

a volumetric flask using distilled water. Three aliquots, two of 100 ml each and one of 

50 ml were obtained. Eight ml of 6 M ammonium solution and 2 ml of 5% potassium 

iodide were added to the 250 ml aliquots. It was titrated using 0.02 M silver nitrate and 

turbid color, which indicates the end, was developed. Then, cyanide was determined as 

follows 
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CN
-
 = (A- B) x D x E 

C                F 

Where: A = ml of AgNO3 for titration of sample, B = ml of AgNO3 for titration of 

blank, C = ml of sample titrated (250 ml recommended), D = Actual normality of 

AgNO3 (0.02 N recommended), E = ml of sample after distillation (250 ml 

recommended) and F = ml of original sample before distillation (500 ml 

recommended). All the values of each parameter were statistically analysed using SAS 

software (version 9) and treatment mean separations were done using LSD at 5% P 

level. 

 
Results and Discussion 
 
Proximate composition of woreda samples 
 
Crude fiber 
Results of the nutritional composition and anti-nutritional factors of cassava raw flour 

showed that crude fiber content of samples from Sokoru and Sekachekorsa Woredas 

had highest and lowest values (2.96% and 1.58%, respectively), though both samples 

were white type. On the other hand, variety Gomma Red (GMR) was higher in 

percentage of crude fiber than the Gomma White (GMW), though both samples were 

collected from the same Woreda. 

 

Ash 
Ash value of Woreda samples varied from 4.33% to 1.17%, withe the highest value for 

Sekachekorsa and the lowest for Mana (Table 2). In this study, samples from 

Sekachekorsa Woreda had the highest (at least twice) ash content as compared to  

samples collected from Sokoru, Mana, Dedo and Gomma (Table 2). 

 
Crude protein 
In this study, there was difference in the protein level of cassava roots collected from 

different Woredas. The level of protein in cassava roots ranged from 1.90% for 

samples from dedo to 1.32% for samples from Sekachekorsa Woreda and were 

significantly different (p < 0.05). The mean value of protein in samples of Dedo 

Woreda was higher (1.90%) when compared to the values for other Woredas, while the 

protein content of samples from Mana and Sokoru Woredas did not show significant 

difference. These results show that cassava roots collected from Sekachekorsa have 

lower protein, fiber and fat than those collected from other Woredas, except for ash.  
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Table 1. Recovery values (R) of minerals and heavy metals in cassava roots of different 
varieties and from the various Woredas.   

 

Cassava 
variety 

R (%) 

Cr Cu Fe Mn Ca Mg 

SK 84 96 87 82 108 95 

DD 96 97 87 82 100 101 

HS 1 97 84 108 107 87 89 

GMW 102 108 94 88 119 112 

QL 103 102 106 100 104 94 

SQ 116 109 81 94 84 82 

MN 106 103 101 105 84 90 

GMR 99 107 115 104 96 86 

CH 120 99 83 97 107 115 

KL 114 83 106 85 84 87 

Note: GMW= Gomma white, SK= Sokoru, DD= Dedo, SQ= Sakachekorsa, MN= 
Mana, CH= Chichu, KL= kello, QL= Qulle, HS 1=Hawassa 1. 

 
Moisture content 
In this study, the moisture level was in the range of 2.13 % to 1.67 %, where cassava 

flour of samples from Sokoru Woreda showed the least value, while those from 

Sekachekorsa had the highest value (Table2). As reported by Albert and Klanarong 

(2005) and Madubuike et al. (2014), moisture content values for cassava recorded in 

the present study are lower as compared to those recorded in other countries, and this 

indicates that cassava varieties grown in Jimma area  are less perishable and stay for 

long period of time and are also less susceptible to microorganism reproduction.   

 
Crude fat 
There was significant variation in crude fat content between samples collected from 

different Woredas (Table 2). The range of variation in fat content was from 3.06 % to 

1.38%. Both white and red cassava root samples collected from Gomma Woreda 

exhibited higher values, while the sample from Sokoru Woreda contained the lowest 

percentage of crude fat.   

 
Carbohydrate content 
The mean values indicated that there were significance differences among the Woreda 

cassava root samples for carbohydrate content. Accordingly, sample collected from 

Mana Woreda had the highest (92.32%) carbohydrate content, while cassava roots 

from Sekachekorsa exhibited the least (89.04 %) value (Table 2). The white variety 

from Gomma had higher (89.33%) carbohydrate content than did the red type from the 

same Woreda (89.13 %) (Table 2).  
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   Table 2. Proximate composition of cassava from different Woredas’ 

 
Woerda Parameter 

 Ash (%) Crude fiber (%) Crude Protein 
(%) 

Crude Fat (%) Moisture 
content (%) 

Carbohydrate (%) 

MN 1.17  0.29 1.69  0.06 1.42  0.08 1.68  0.05 1.73  0.1 92.32  0.33 

SQ 4.33  0.76 1.58  0.01 1.32   0.03 1.72  0.03 2.13  0.18 89.04  0.92 

SK 2.17  0.29 2.96  0.09 1.37  0.06 1.38  0.10 1.67  0.01 90.47  0.15 

GMW 2.00  0.82 2.69  0.03 1.43  0.04 2.64  0.05 1.91  .08 89.33  1.08 

GM R 1.83  0.58 2.63  0.02 1.55  0.03 3.06  0.07 1.80  0.01 89.13  0.62 

DD 1.33  0.29 1.72  0.03 1.90 0.05 1.76  0.02 1.91 0.06 91.48  0.32 

LSD 1.12 0.08 0.10 0.19 0.24 1.27 

Note: LSD= Least Significance Difference;  GMW= Gomma white, SK= Sokoru, DD= Dedo, SQ= Sakachekorsa, MN= 
Mana, CH= Chichu, KL= kello, QL= Qulle, HS 1=Hawassa 1. Values are mean ± SD of three individually analyzed 

samples (n=3) (p < 0.05). 

 

Proximate composition of varieties from JARC 
Moisture content dry matter basis (DM) of cassava roots of varieties from JARC 

ranged from 1.85 % - 0.91 % with the highest value for variety Kello and the lowest 

for variety Chichu (Table 3). Moisture content of variety Qulle and Hawassa 1 did not 

show significant difference. Crude fiber content of varieties ranged from 2.69 % for 

Hawassa 1 to 2.23 % for Chichu, indicating that it is so useful to produce and consume 

Hawassa 1 for improved human health. Crude protein content of roots of variety 

Hawassa 1, Kello and Chichu was not significantly different (p < 0.05), but it was 

lowest for variety Qulle (Table 3).  

 

Fats are vital to the structure and biological function of body cells and are used as an 

option for energy source (Apau et al., 2014).  In line with this, crude fat significantly 

varied in content from 2.35 % in variety Kello to 1.72 % in Hawassa 1. Hence, it was 

significantly higher in Kello (2.35 %) than in the other varieties included in this study. 

Ash content of cassava roots also significantly varied (p < 0.05) among the four 

varieties and it was higher for Chichu (2.00 %) and lower for both Kello and Qulle 

(1.17 %). Similarly, root carbohydrate content of variety Chichu was higher (91.58 %) 

but that of Kello was lower (90.87 %) (Table 3)  

 
                    Table 3. Proximate composition of Cassava roots of different Varieties from JARC 

 
Variety Moisture 

% (FW) 
Moisture 

% 
Ash (%) Crude 

Protein % 
Crude 
Fat (%) 

Crude 
Fiber (%) 

Carbohydrate 
(%) 

CH 32.93  
3.20 

0.91  
0.31 

2.00  
0.50 

1.52  
0.08 

2.13  
0.03 

2.23  
0.01 

91.58 0.61 

HS 1 39.01  
1.98 

1.55  
0.01 

1.33  
0.29 

1.50  
0.04 

1.72  
0.08 

2.69  
0.03 

91.28 0.33 

QL 42.21 
2.56 

1.67  
0.10 

1.17  
0.29 

1.16  
0.05 

2.17  
0.03 

2.45  
0.07 

91.09 0.17 

KL 33.25  
1.38 

1.85  
0.40 

1.17  
0.09 

1.38  
0.12 

2.35  
0.07 

2.24  
0.08 

90.87 0.35 

LSD  0.76 0.74 0.17 0.13 0.14 0.70 

Note: LSD= Least Significance Difference;  CH= Chichu, KL= kello, QL= Qulle and HS 1= 

Hawassa 1. Values are mean ± SD of three individually analyzed samples (n=3) (p < 0.05). 
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Minerals and toxic heavy metals 
Uptake of heavy metals in main food could be from soil, atmosphere or water. Metals 

like cadmium and copper are cumulative poisons, which cause environmental hazards 

and are reported to be exceptionally toxic (Apau et al., 2014). The evaluation of 

minerals in cassava is an important exercise from nutritional to the toxicological point 

of view. This is because some metals have long-term effects on human health when 

accumulated in target organs. Apau et al. (2014) reported that metal deficiency 

syndrome like rickets and calcification of bones is caused by calcium deficiency, while 

magnesium deficiency in human is responsible for severe diarrhea, migranes, 

hypertension, cardiomyopathy, arteriosclerosis and stroke.   

 

Calcium: In the present study, the concentration of calcium in roots was significantly 

affected (P < 0.05) by variety, where Hawassa 1, followed by Qulle, had the highest 

and Kello, followed by Chichu, had the lowest values (Table 4).  The concentration of 

Ca in the selected varieties was in the order of 425.39 > 372.04 > 161.94 > 157.18 

mg/kg for Hawassa 1, Qulle, Chichu and Kello, respectively. The concentration of 

calcium in cassava roots collected from different Woredas  was in the order of 436.03 

> 373.88 > 327.13 > 316.68 > 157.78 > 153.51 mg/kg for Dedo, Mana, Sokoru, 

Gomma white, Gomma red and Sekachekorsa, respectively, and there was significant 

difference between Woreda samples for Ca content (Table 4). 

 

Magnesium: The levels of magnesium for root samples obtained from the different 

Woredas and varieties ranged between 204.82 and 61.27 mg/kg and from 207.94 to 

65.85 mg/kg, respectively. The concentration of Mg was significantly affected 

(p<0.05) by both factors (location or Woreda and variety) (Table 4).  

 

Chromium: Chromium is used in leather tanning industries, manufacturing of catalysts, 

pigments and paints, fungicides, ceramics and in glass industries. As shown in Table 4, 

Cr concentration in Woreda samples varied from 0.25 for Manna to 0.92 mg/kg for 

Sokoru Woreda. Similarly, the concentration of Cr in cassava roots ranged from 0.39 

for Kello to 1.20 mg/kg for variety Qulle. Hence, the concentration of Cr was found to 

be higher in the released varieties (1.20 mg/kg) than in the Woreda samples (0.92 

mg/kg), though its values greatly varied with both factors.  Cadmium: Cadmium occurs 

naturally in Zn, Pb, Cu and other ores that act as its source to ground and surface 

waters. In this study, Cd was not detected in cassava root samples, as it was below the 

detection limit of the instrument.  

 

Copper: High concentration of Cu causes metal fumes fever, hair and skin 

discolorations, dermatitis, respiratory tract diseases, and some other fatal diseases in 

human beings. The concentration of Cu in Woreda samples ranged from 0.09 to 0.34 

mg/kg Mana and Sokoru Woredas, respectively, while its value for the released 

varieties varied from 0.20 (for Kello) to 0.36 mg/kg (for Hawassa 1). This shows that 

the concentration of Cu is relatively higher (0.36mg/kg) in the samples collected from 

JARC than in the Woreda samples (0.34mg/kg) (Table 4), and the variation could be 

due to intensive field management at the research center. As Obueh and Kolawole 

(2016) have reported it, the concentration of Cu in cassava root was 3.84 mg/kg, but in 
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the present study, the maximum concentration in both samples from Woredas (0.34 

mg/kg) and released varieties (0.36 mg/kg) was lower than the reported value. 

Although higher level of Cu has adverse effects, it is essential element, which is 

required for hemoglobin synthesis and in the catalysis of metabolic growth. The 

highest concentration of Cu determined in cassava root samples in the present study 

was 0.36 mg/Kg, which is far below the limit (40 mg/Kg) that has been set by WHO  

for foods (Hayford et al., 2016).    

 

Iron: Fe is essential in the body for carrying oxygen to human blood cells. About two-

thirds of the body iron is found in hemoglobin. The concentration of Fe in cassava 

roots of Woreda samples ranged from 54.23 for Manna to 97.55 mg/kg for Gomma 

red, while for the JARC varieties it ranged from 69.78 for Kello to 127.03 mg/kg for 

Qulle (Table 4).  According to Apau et al. (2014), the level of iron in cassava was 

29.908 mg/kg, which is lower than the results found in the present study. As shown in 

Table 4, the mean values of iron were significantly different (p < 0.05) for both 

Woreda and variety. Although Fe is an essential metal for the body, excess intake may 

lead to colorectal cancer (Senesse et al., 2004). Accordingly, all the cassava root 

samples analyzed for iron in the present study were found to have more than the 

acceptable limit.   
 
           Table 4.  Concentration (mg/kg) of minerals and toxic heavy metals  

Note: LSD= Least Significance Difference; ND= not detected, GMW= Gomma white, SK= Sokoru, DD= 

Dedo, SQ= Sakachekorsa, MN= Mana, CH= Chichu, KL= kello, QL= Qulle, HS 1=Hawassa 1. Values 

are mean ± SD of three individually analyzed samples (n=3) (p < 0.05). 
 

Manganese: The level of Manganese for samples from different Woredas and 

varieties of JARC ranged between 0.26-1.06 mg/kg  for Mana and Dedo Woredas and 

0.53-1.06 mg/kg  for variety Kello and Qulle, respectively, and its value was 

significantly (P < 0.05) affected by both Woredavor location and variety.  Excessive 

Woreda 
and 

Variety 

Parameters  (mg/kg) 

Ca Mg Cr Cd Cu Fe Mn 

GMR 157.78 

 3.32 
204.82  
5.82 

0.330.06 ND 0.16  0.03 97.55  1.48 0.93 0.07 

SK 327.13 

 1.93 
195.29  
8.70 

0.920.08 ND 0.34  0.03 81.16  2.73 0.590.06 

DD 436.03 

 3.74 
136.99  
5.23 

0.870.12 ND 0.27 0.04 91.90  1.04 1.06 0.07 

SQ 153.51 

 6.69 
97.20  4.41 0.43  

0.02 

ND 0.24  0.04 75.23  4.89 0.78 0.14 

GMW 316.68 

 4.96 
92.62  1.65 0.90 

0.06 

ND 0.31 0.04 84.61  3.21 0.830.06 

MN 373.88 

 3.74 
61.27  1.46 0.25  

0.02 

ND 0.09  0.03 54.23  1.45 0.26 0.04 

CH 161.94 

 3.90 
130.20  
3.90 

0.48 
0.03 

ND 0.21  0.05 86.60  3.47 0.70  0.12 

KL 157.18 

 3.86 
65.85  4.13 0.39  

0.04 

ND 0.20  0.05 69.78  4.00 0.53  0.07 

QL 372.04 

 7.32 
207.94  
3.58 

1.20  
0.11 

ND 0.31  0.02 127.03  3.71 1.06  0.07 

HS 1 425.39 

 6.08 
102.34  
4.41 

1.18  
0.09 

ND 0.36  0.07 75.26  3.35 0.76  0.14 

LSD 12.65 7.99 0.09  0.05 8.28 0.04 
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intake of metals like iron could result in complications ranging from gastro-intestine 

irritation, vomiting to tissue damages and skin pigmentation, while excessive intake of 

manganese can cause diseases of brain and nervous system, muscular rigidity and slow, 

imprecise movement (Audul et al., 2012). It is well known that such metals and other 

elements can be naturally present in food or can enter food because of human activities 

such as industrial and agricultural processes.   

 

Cyanide concentration 
The concentration of cyanide in edible portion of the cassava roots ranged from 3.83-

0.91 mg/l for Woredas (Table 5). The result showed that the level of its toxicity was 

significantly higher for Skachekorsa (3.13 mg/l) and lower for Dedo Woreda (0.91 

mg/l). The concentration of this anti-nutrient could be reduced through processing such 

as grinding, soaking and drying. The level of cyanide in the non-edible portion of 

cassava roots also significantly differed with Woreda. Nevertheless, the concentration 

of cyanide was higher in the edible part than in the central part of roots sampled from 

the same Woreda (Table 5). This implies that the cyanide concentration increases from 

the internal part to the outer part (Tweyongyere and Katongle,   2002). 

 
Table 5. Concentration of cyanide in cassava roots of edible and non-edible portions from the different Woredas 

and varieties 

Note: LSD= Least Significance Difference; GMW= Gomma White, SK= Sokoru, DD= Dedo, SQ= 
Sakachekorsa, MN= Mana, GMR= Gomma Red, CH= Chichu, KL= kello, QL= Qulle and  HS 1= 

Hawassa 1. Values are mean ± SD of three individually analyzed samples (n=3) (p < 0.05). 

 
On the other hand, varietal difference was also significant (P < 0.05) and the 

concentration of cyanide was highest in variety Kello (5.02 mg/l) and lowest in both 

Hawassa 1 and Chichu (0.83 mg/l). As compared to the findings of Ojo et al. (2015) in 

Nigeria (7.92 - 15.40 mg/kg), the level of cyanide determined in the present study was 

by far lower. Different countries have different safe levels of cyanide, for example, the 

acceptable limit in Indonesia is 40 mg/kg, but WHO has set safe level of cyanide to 10 

mg/kg (Amsalu and Esubalew, 2011). Therefore, based on the limit set by WHO 

(<10mg/kg), the level of cyanide in the released varieties and in samples collected 

from different Woredas is at safe level if consumed. 

 

Woreda Cyanide  in edible 
portion (mg/l) 

Cyanide  central 
portion ( mg/l) 

 
Variety 

Cyanide  in edible 
portion (mg/l) 

Cyanide  in central 
portion (mg/l) 

MN 2.16  0.04 0.550.04 KL 5.02  0.10 0.59  0.07 

SQ 3.83   0.03 0.45  0.03 CH 0.83  0.04 0.34  0.04 

GMR 1.15  0.04 0.39 0.04 QL 1.87   0.14 0.63  0.03 

GMW 1.33  0.1 0.53  0.05 HS 1 0.83  0.05 0.43  0.05 

SK 3.13 0.03 0.42  0.03 LSD 0.13 0.09 

DD 0.91 0.08 0.63  0.07    

LSD 0.16 0.08    
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Conclusion and Recommendations 
 
Cassava root flour is a potential substitute for other types of flour or it can be used by 

mixing with other flours for human consumption. Its unique adaptability to different 

ecological conditions makes it the most important famine crop reserve. In the present 

study, it was observed that protein, fiber, fat and carbohydrate contents of cassava roots 

were higher in Woreda samples than in the samples (varieties) collected from Jimma 

agricultural research center. Cassava roots contain some minerals like Ca, Mg and Fe, 

which are essential for human body. The presence of Fe in low concentration plays a 

vital role in the body. The low concentration of cyanide in all the samples (below the 

WHO permissible limit) could also make these samples to be safely consumed.  It was 

concluded that the nutritional status, mineral contents and cyanide levels of all the 

cassava samples considered in the present study were in acceptable ranges for human 

consumption. 
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Abstract 
 
In the present study, the different solvent seed extracts of Bixa orellana were 

investigated for their application as food colorants. The extracts were isolated, 

characterized & their biological activities were determined. Extraction was performed 

using different solvent mixtures: CHCl3/EtOH, CHCl3/Acetone, Hexane/EtOAc and a 

base extraction (5 % KOH) to yield a reddish-orange semi-solid, with percentage yield 

of 9.02, 4.90, 2.98 and 26.66 % (w/w), respectively. The total carotenoids in the seed 

extracts were found to be 3.14 % (CHCl3/EtOH), 1.42 % (CHCl3/Acetone), 0.51 % 

(Hexane/EtOAc) and 1.76 % (Alkali extraction). Phytochemical investigation of the 

CHCl3/EtOH seed extract over silica gel preparative thin layer chromatography led to 

the isolation of two compounds. The first one, compound BO-2, was identified as Bixin 

using spectroscopic techniques (UV, IR, MS and NMR). The second compound BO-3 

was partially characterized. Bixin is one of the most important constituents of the seed, 

which was gravimetrically determined to be 1.62 % (w/w) from the seed. The 

CHCl3/EtOH seed extract exhibited moderate inhibitory effect against the tested 

bacterial pathogens at a concentration of 50 mg/mL. The Gram-negative bacterium E. 

coli was found to be the most susceptible to the seed extracts, with zone inhibition of 

14.0 mm (MIC = 0.25 mg/mL), while the least antibacterial activity against the Gram-

positive bacteria, S. aureus, was observed, with zone of inhibition of 9.2 mm (MIC = 1.0 

mg/mL). In general, the activity of the tested substances on the tested fungal pathogens 

were relatively weaker with the exception of seed extract against A. niger, which 

showed a zone inhibition of 9.2 mm (MIC = 12.5 mg/mL).  

 

Introduction 
 
Many plants produce economically important organic compounds such as natural 

colorants, oils, resins, tannins, gums, waxes, flavors and fragrances, pharmaceuticals 

and pesticides. In-group of this color is a constituent and is one of the first 

characteristics sensed by consumers. Annatto seems to be an important natural colorant 

for food and drug industries owing to its potential uses as a substitute for Tartrazine, 

which is a synthetic colorant that is prohibited in many countries (JECFA, 1982). 

Simultaneous with the increasing awareness of toxicity of synthetic colors, need for 

colorants from natural sources has increased (Sinha et al., 2013). In addition to their 

role in coloration, natural pigments carry out a variety of important biological 

functions.  
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Bixa orellana belongs to the family Bixaceae and the genus Bixa. Under this genus, it 

is one of   the five species known as orellana. Based on flower, fruit colour and shape, 

Bixa orellana has three varieties; one with white flowers and green capsules, second 

with purple flowers and brownish red capsules and third with pink flowers and red 

capsules (Akshatha et al., 2011). The chemical profile difference between these three 

species are not know and their similarity. Literature pertaining to the application of 

natural coloring is scant and the awareness of annatto as a coloring agent is limited 

particularly in Ethiopia. Since the demand for natural colorants is increasing, 

specifications that are more stringent are imposed and better understanding of their 

chemistry and biochemistry is required. The need for analysis of annatto is important 

since carotenoid content varies largely with maturity, variety, soil, light intensity 

among others (Dias et al., 2008). In addition, there are carotenoid losses during 

postharvest storage (Rodriguez-Amaya, 2001). 

 

The comparison of Ethiopian introduced annatto relative to the JECFA and the largest 

producing country monograph is used to give information’s of the Ethiopian agro 

ecology to be either favorable condition or not for these plant secondary metabolites in 

order to compare the world specifications. The study on antimicrobial activity on 

different strains of bacteria and fungus were also enhancing the application of natural 

colorant over synthetic one as an additional source of medicine and preservative usage. 

Based on the above assessment this work have been done in order to fulfill the 

profound gap by determining the overdue activity on Bixa orellana plant that is 

introduced at Wendo Genet and Tepi Agricultural Research Center. 

 
Materials and Methods 

Sample collection  
A white flower, green capsule variety of Bixa orellana fresh fruits were collected from 

Wendo Genet Agricultural Research Center Gene Bank (WGARC). The bacterial test 

microorganisms used in this study were Escherichia coli (ATCC25922), Pseudomonas 

aeruginosa (ATCC25853), Staphylococcus aureus (ATCC25923), which were kindly 

supplied from Ethiopian Health and Nutrition Research Institute (EHNRI). The fungal 

pure culture of Aspergilus Niger, Aspergilus flavus and Fusarium verticillodes were 

taken from the culture grown from plant protection laboratory of Haramaya University.  

 
Sample preparation and extraction  
The seed preparation and extraction process were carried out by performing different 

sets of experiments and also by modifying those methods reported in the literature 

(JECFA, 2006; Smith, 2006; Jansi et al., 2008; Abayomi et al., 2014). The seeds were 

pulped out from the capsule and were allowed to dry in an oven at 40 °C for 24 h.  

Dried seed samples were initially soaked in hexane for 6 h to remove fats and waxes. 

The residue was subsequently and separately extracted with three different solvent 

mixtures (solvent mixture 1: CHCl3/EtOH (1:1); solvent mixture 2: CHCl3/Acetone 

(1:1); solvent mixture 3: Hexane/EtOAc (1:1)) by using Soxhlet apparatus for 5 h. The 

extracts were filtered, and Rotary evaporator removed the solvent.  



191 

 

The alkali extraction were performed by soaking the seeds in 0.5 % KOH solution and 

stirred for 30 min at 60 °C on a magnetic stirrer. The mixture was filtered, and the 

residue was washed with fresh 0.5 % KOH solution, stirred for 30 min, and then 

filtered. A fresh KOH solution was used to wash the residue while stirring for 15 min 

and the mixture was filtered. The filtrates were combined and 3 M HCl was used to 

acidify the mixture and precipitate crystals of extract. The precipitate was allowed to 

settle overnight and the supernatant was decanted and washed repeatedly with distilled 

water. The wet masses were dried in the oven at 40 °C for about 24 h. The lumps were 

pulverized in a mortar with pestle and the resulting powder was stored in airtight 

container until used for further studies (JECFA, 2006). The experiments were carried 

out in a completely randomized design with three replications. The yield extract was 

determined based on the formula 

 

  Yield extract (%) =  

 

Determination of total carotenoids  
Seed extract (5 mg) were weighed into a small beaker. A small amount of ethanol was 

added to the beaker. The mixture was then stirred with a glass rod to dissolve the 

extract. The solutions were carefully transferred into a 100 mL volumetric flask. 

Ethanol was used to rinse the beaker and transferred to the flask. The volumes of 

solution in the flask were made up to 100 mL mark with ethanol. The flask was then 

covered and placed in a hot water bath at 50 
o
C with periodic shaking until all the 

extract was completely dissolved. The solution was allowed to cool at room 

temperature. Ethanol was used as a blank and the absorbance of the solutions were read 

on UV-Vis spectrophotometer at λ max of 460 nm (JECFA, 2006). The color values 

were assessed based on determining total percent of carotenoids through the formula 

 

% of total carotenoids in terms of bixin =  

 

Where, A is absorbance of the extract, V is the total volume (mL); W is the weight of 

the extract (mg) and 282.6 is the extinction coefficient of bixin. 

 

Compound isolation & structural elucidation 
Preparative TLC was prepared in the laboratory as follows: Initially the slurry was 

prepared by mixing 30 g silica gel and 60 mL distilled water. The slurry was then 

spread onto a glass plates (20 cm × 20 cm) to obtain 0.25 mm thickness. The plates 

were left overnight to dry and then activated by placing them in an oven with 

temperature 110 °C for 1 h. Isolation of compounds was conducted by dissolving 5 % 

crude extract in a mixture of EtOH and CHCl3 (1:1) and applied it directly on 

preparative thin layer chromatographic plates. After dried the band subjected to isolate 

through a chromatographic chamber using a mixture of CHCl3 and MeOH in the ratio 

of (47:3) as solvent systems. Chromatographic zones were visualized in daylight and 

then further confirmed under ultraviolet light of wavelength 254 and 366 nm. Pure 

compounds were isolated at RF value of 0.53 and 0.66, coded as BO-2 and BO-3 

respectively. 
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Characterizations of the isolated compounds were governed by spectroscopic 

techniques through the overdue conditions. NMR spectra were recorded on a Bruker 

Avance DMX 400 FT-NMR spectrometer operating at 400 MHz for 
1
H and 100 MHz 

for 
13

C at room temperature using deuterated CHCl3. A region from 0 to 12 ppm for 
1
H 

and 0 to 205 ppm for 
13

C was employed for scanning. Signals were referred to an 

internal standard tetra methyl silane (TMS). Chemical shifts are reported in δ units and 

coupling constants (J) in Hz. Multiplicities of 
1
H NMR signals are indicated as s 

(singlet), d (doublet), dd (doublet of doublets), t (triplet), and m (multiplate). IR spectra 

were recorded among 400-4000 cm
-1

 in KBr pellets. UV-Visible spectra were scanned 

between 370-800 nm at room temperature/in chloroform solvent. ESI-MS were 

recorded on an Ultimate 3000 LC-MS. The measurement was carried out by an 

electrospray ionization method with positive mode. The source voltage and 

temperature were fixed at 3kV and 250ºC. 

 
Free radicals scavenging activity on 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH)  
The DPPH radical scavenging activities of the CHCl3/EtOH (1:1) extract was 

determined by the method described by Cuendet et al. (1997). 50 μL of seven 

concentrations (4000, 3000, 2000, 1000, 500, 250, 125, 62.5 and 31.25 µg/mL) of the 

test samples were mixed with 5 mL of 0.004 % methanol solution of DPPH. The 

mixture was incubated for 30 minutes at 37 °C. After incubation, the absorbance of the 

mixture was read at 517 nm using UV-Vis spectrophotometer. Similarly, Ascorbic 

Acid (standard) was prepared at different concentrations (125 - 1000 µg/mL). Tests 

were carried out in triplicate and average values were taken. Inhibition of DPPH 

radical was calculated using the equation 

  
I (%) = 100 × (Ao −As)/Ao 

 

Where Ao is the absorbance of DPPH solution, and as is the absorbance of the tested sample. 

The IC50 value that represented the concentration of the samples that caused 50 % inhibition 

was determined for all test samples.  

  
Examination of anti-microbial activity  
The selected bacteria were grown on MHA media, through a Petri dish within 24 h 

incubation at 37 °C. The bacteria inoculums suspension were prepared by transferring 

a loop full of cells from the stock cultures to distilled water until it reached the 

turbidity equal to that of the standard 0.5 McFarland solution monitored by 

spectrophotometer at a wavelength of 600 nm which is (0.08-0.13 absorbance) 

equivalent to 10
6
-10

8
 CFU/mL. The isolated fungal were grown on a Petridish through 

incubation for 7 days at 26 °C. The inoculums were prepared by dissolving a loop of 

fungus in distilled water until the concentration of the zoospore suspension was 

adjusted to approximately 10
6
 zoospores, which were confirmed by a Haemocytometer. 

The inoculums were used immediately.  
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Antibacterial activities of the samples were evaluated by using disc diffusion (Kirby 

Bauer) method against the test strains as described by Tamil et al. (2011). In vitro 

antimicrobial activity was screened using MHA. The MHA plates were prepared by 

pouring 18 mL of molten media into sterile petriplates. The plates were allowed to 

solidify for 5 min and 0.1 % inoculums suspension of tested organisms were swabbed 

uniformly and the inoculums were allowed to dry for 5 min.  Twenty μL of 50 mg/mL 

the seed extract and 1mg/mL of the isolated compound (BO-2) were loaded on 6 mm 

sterile individual paper discs (HiMedia) and thoroughly dried in air draft to remove 

traces of the solvent. Negative control was prepared using respective solvent, which is 

chloroform. 25 mg/mL solution of Penicillin (20 μL/disc) was used as positive control. 

The fortified discs were placed on the surface of medium using a disc template and 

incubated at 37 °C for 24 h. Inhibition zones formed around the discs were measured 

with transparent ruler (in millimeters) (Kumaraswamy et al., 2002).  

 
Determination of anti-fungal activity  
Antifungal assay was performed through the standard procedure that is described by 

(Hari Babu et al., 2011). 20 μL of 50 mg/mL of the seed extract and 1mg/mL of 

isolated compound (BO-2) were loaded to a sterile paper disc independently. 18 mL of 

Potato Dextrose Agar medium were poured into sterile Petri dish. After solidification, a 

loop full of culture was swamp uniformly on the surface of the plate. Negative 

Controls was maintained with a solution of Potato Dextrose Agar and chloroform. 

Propiconazole maintained a positive control. The fortified discs were placed on the 

surface of medium using a disc template and incubated at 26 ºC. Growth was 

monitored for 24, 48 and 72 h, depending on the period required for the visible growth. 

The growths of treated samples were compared with their respective control plates.  

 

Minimum Inhibitory Concentration (MIC) of the crude extract and isolated compound 

were determined by agar dilution method, where serial dilutions (100 mg/mL - 0.1 

mg/mL) were prepared. Twenty μL each concentration were loaded independently on 

sterile paper disc. 18 mL of medium were poured into sterile Petri dish. After 

solidification, 20 μL loop full of culture was swamp uniformly on the surface of the 

plate and incubated. The minimum concentrations that have inhibitory effect against 

the microorganisms (no growth) were recorded as the MIC value of the extract and 

isolated compound (BO-2).  

 
Statistical analysis  
 
Significance difference between extract yield and total carotenoid yield via different 

solvent combination and extraction methods were analyzed by SAS, version 9. 

Statistical significance was defined as p < 0.05.  
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Results and Discussion 
 
The alkali and three extracting solvent methods, Hexane/EtOAc (1:1), CHCl3/Acetone 

(1:1) and CHCl3/EtOH (1:1) were evaluated for their effectiveness to extract 

carotenoids from B. orellana seeds. The polarity of solvent significantly affects the 

extract yield and the total carotenoid from the seed at P < 0. 01 and total carotenoids 

from the seed extract at P < 0.05. Similarly the method of extraction also affect 

significantly for the crude extract yield and total carotenoid from the extract. But the 

total carotenoids from the seeds were not significantly (P < 0.05) affected by the 

method of extraction at.  

 

There was a significant difference in the extracting ability of CHCl3/EtOH (9.02 %; 

w/w from the seed) compared with the other two solvent systems (Table 1). Swati et al. 

(2013) reported similar results, where 9.5% yield was found for MeOH extract. It is 

interesting to note that the alkali extraction method gave the highest extract yield 

(26.66 %; w/w from the seed) (Table 2) which is about three times more than that 

offered by CHCl3/EtOH solvent extraction. However, it is important to point out that 

the highest extraction yield was not translated to higher carotenoid yield (1.76 %; 

w/w); the alkali based method may just extract a high concentration of organic acids. 

This finding may suggest that the seeds are rich with organic acids, some of which may 

have little or no coloring values.  

 

The CHCl3/EtOH solvent system was superior in its ability to extract carotenoids (3.14 

%; w/w from the seed) and it was significantly more efficient than the alkali extraction 

method and the other solvent system towards extracting the carotenoids. These findings 

could be supported by other studies reported in the literature, where chloroform and 

ethanol mixture have been found to be superior in extracting carotenoids, within the 

range of 2.98-5.91 % yield . As of similar to 3-4% of total pigment content of seeds of 

B. orellana originated from Peru and in Ethiopia it has a value of 3.14 %. This result is 

complies with the international benchmark for annatto pigment export more than 2.5 % 

of pigment content (Heywood, 1993). Based on the trends of our present study, it could 

be suggested that CHCl3/EtOH solvents are superior to recovering a higher extraction 

yield of carotenoid components from annatto. The total carotenoid yield was 

significantly affected by var. type and environmental condition (Table 3). Pink flower 

with pink capsule var. has yielded higher carotenoid than the white flower with green 

capsule var. 
 
                Table 1. Effect of solvent polarity on extract and carotenoids yields. 

 

Solvent 
Combination 

Polarity 
Index (εo) 

Yield Extract 
(%) 

Total Carotenoids 
Yield  (%) 

Carotenoids yield from 
Seed Only (%) 

Hexane/EtOAc 0.28 2.98b 17.95b 0.51b 

CHCl3/Acetone 0.35 4.91b 28.69ab 1.42b 

CHCl3/EtOH 0.41 9.02a 34.76a 3.14a 

LSD ( 0.05) _ 2.08 12.91 1.21 

Means followed by the same letter within a column are statistically non-significant at P<0.05. 
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 Table 2. Effect of extraction methods on extract and total carotenoids yields. 
 

Extraction Method Aril Extract Yield 
(%) 

Total Carotenoids Yield 
(%) 

Carotenoids Yield from Seed 
Only (%) 

Solvent Extraction 9.02b 34.76a 3.14a 

Alkali Extraction 26.66a 7.09b 1.76a 

LSD (0.05) 10.51 16.85 2.84 

Means followed by the same letter within a column are statistically non significant at P<0.05. 

 
        
       Table 3. Effect of location and var. on extract yield and total carotenoid yield from aril of seed of Bixa orallana 
 

Location Altitude 
(m.a.s.l.) 

Var. Yield Extract 
(%) 

Total Carotenoids Yield (%) Carotenoids Yield from 
Seed Only (%) 

Bebeqa 1190 Pink flower 11.44a 21.00c 2.40c 

Tepi 1205 Pink flower 10.78a 29.99b 3.23a 

Wendo 
genet 

1800 White flower 8.84b 34.47a 3.05b 

LSD  (0.05) - - 1.31 0.25 0.03 

      Means followed by the same letter within a column are statistically non significant at P<0.05. 

 

                              
  Figure 1. TLC profile of the crude extract (A) CHCl3/CH3OH (47:3)  

 

Compound BO-2 was isolated as a purple reddish amorphous solid with an Rf value of 

0.53 (CHCl3/CH3OH; 47:3). A molecular formula of C25H30O4 was deduced for 

compound BO-2 by positive-mode high resolution electrospray ionization mass 

spectrometry (HRESI-MS) (obtained mass m/z 395.2577 [M+H]
+
, exact calculated 

BO-2 

BO-3 
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mass m/z 395.222235 [M+H]
+
 ), as indicated in appendix figure 1. Compound BO-2 

exhibited three absorption bands at λ max of 445, 471 and 503 nm in its UV/Vis 

spectrum (Appendix Figure 2) that are a characteristic absorption of a carotenoid 

moiety (Soumaya et al., 2010). The IR spectrum of compound BO-2 (Appendix Figure 

3) revealed a broad absorption band at 3436 cm
-1

 due to the presence of a stretching 

vibration of O-H group associated to a carboxylic functional group, a sharp peak at 

2924 cm
-1

 shows the presence of C-H group stretching vibration.  Furthermore, a band 

at 1716 cm
-1

 absorbed to a stretching vibration of the C=O group, a band at 1608 cm
-1

 

to a stretching vibration of C=C group and a band at 1159 cm
-1

 to a starching vibration 

of C-O group.  

 
1
H NMR spectrum of compound BO-2 (Appendix Figure 4) showed a singlet spectra 

which resonates at δ 3.81, corresponding to a methoxyl group. The presence of two sets 

of trans-vinyl protons adjacent to two carbonyl were evident from 
1
H NMR spectrum 

(H-2: δ 5.90, d, J = 16 Hz; H-3: δ 7.48, d; J = 16 Hz and H-18: δ 7.99, d, J = 16 Hz; H-

19: δ 5.94, d; J = 16 Hz). Other important 
1
H NMR signals are assigned as shown in 

table 3.  
13

C NMR spectrum of compound BO-2 (Appendix Figure 5) showed the 

presence of 25 carbon atoms, including two carbonyl carbons resonates at 168.00 ppm 

(C-20) and 181.11 ppm (C-1). In addition to a methoxyl carbon signal (51.64 ppm), 

two sets of carbon-carbon double bonds adjacent to two carbonyl were noted in the 
13

C 

NMR spectrum (C-2: δ 123.39, C-3: δ 151.09 and C-18: δ 142.39; C-19: δ 124.21). 

Complete 
13

C NMR chemical shift assignments of compound BO-2 was done as shown 

in table 3. From 
1
H NMR, 

13
C NMR, IR and UV spectra data of compound BO-2, its 

structure was established as bixin (Methyl hydrogen-6, 6'-diapo-Ψ, Ψ-carotenedioate) 

as indicated in figure 2. This was further confirmed by comparing the NMR data with 

those reported in the literature for the same compound (Jondiko and Pattenden, 1989). 

 

 

 

 

 

             Figure 2. Chemical structure of compound BO-2. 
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                        Table 4. 1H and 13C NMR spectral data of compound BO-2 in CDCl3. 
 
 

                     Note: nr = not well resolved; J-coupling constant in parenthesis. 

 

Compound BO-3 was obtained as an orange reddish amorphous solid with an Rf value 

of 0.66 in the solvent system (CHCl3/CH3OH; 47:3). ESI-mass spectrum (Appendix 

Figure 6) of compound BO-3 gave a pseudo molecular ion [M+H]
+
 at m/z = 338.3632. 

The UV/Vis spectrum (Appendix Figure 7) of compound BO-3 revealed absorption 

bands at 444 and 427 nm, indicating the presence of a carotenoid moiety (Rodriguez-

Amaya, 2001). The IR spectrum (Appendix Figure 8) of compound BO-3 showed the 

presence of a hydroxyl group (3435 cm
-1

), C-H stretching of alkane (2923 cm
-1

) and a 

C=C stretching of unsaturated hydrocarbon (1632 cm-1). 
1
H NMR spectrum 

(Appendix Figure 9) of compound BO-3 showed the presence of aliphatic protons from 

δ 0.8-2 ppm and δ 4.8 - 7.5 due to the presence of highly conjugated olefinic protons, 

in addition the compound has two alcoholic groups protons (δ 3.43 & 3.69 ppm). 
13

C 

NMR spectrum of compound BO-3 showed two olefinic carbons, which resonates at δ 

114.11 and 138.33 ppm. Other important proton and carbon signals are shown in 

appendix figure 9 and 10. The structural elucidation of compound BO-3 is partially 

characterizes. 

 

B. orellana seed extracts obtained from solvent extraction exhibited scavenging 

activity in dose-dependent manner with a ranging of 1- 64. % for the tested 

concentrations of 31.5 - 4000 µg/mL. It is important to note that the seed extract 

showed a free radical scavenging with an IC50 value of 3124.31 µg/mL, which is about 

6 times less than that offered by ascorbic acid (IC50 = 577.04 µg/mL), which is 

consistent with values reported by Gelmy et al. (2014). The DPPH assay is based on 

C Atom 1H NMR (δ, ppm) 13C NMR (δ, ppm) 

 BO-2 Bixin (Literature) BO-2 

1 - - 181.12 

2 5.90 d ,(J= 16 Hz) 5.68 d (J = 15.8 Hz ) 123.39 

3 7.48 d (J = 16 Hz) 7.22 d (J = 15.8 Hz ) 151.09 

4 _ _ 137.95 

4-CH3 1.98 s 1.8-2.0 m 22.71 

5 6.62 nr 6.30-7.00 m 130.73 

6 6.70 nr 6.30-7.00 m 131.46 

7 6.58 nr 6.30-7.00 m 136.57 

8 _ _ 137.15 

8-CH3 1.28 s 1.8-2.0 m 12.66 

9 6.38 nr 6.30-7.00 m 130.46 

10 6.88 nr 6.30-7.00 m 131.46 

11 6.88 nr 6.30-7.00 m 131.46 

12 6.38 nr 6.30-7.00 m 130.73 

13 _ _ 137.15 

13-CH3 1.28 s 1.8-2.0 m 12.63 

14 6.58 nr 6.30-7.00 m 136.57 

15 6.70 nr 6.30-7.00 m 131.46 

16 6.62 nr 6.30-7.00 m 130.73 

17 _ _ 140.51 

17-CH3 1.28 s 1.8-2.0 m 29.68 

18 7.99 d (J = 16 Hz ) 7.80 d (J = 15.8 Hz ) 142.39 

19 5.94 d (J = 16 Hz ) 5.80 d (J = 15.8 Hz ) 124.21 

20 _ - 168.01 

20-OCH3 3.81 s 3.66 s 51.64 



198 

 

the reduction of DPPH in methanol solution in the presence of a hydrogen donating 

anti-oxidant due to the formation of the non-radical form (DPPH-H) in the reaction. 

Since phenols are very important, plant constituents because of their scavenging ability 

due to their hydroxyl groups and may contribute directly to antioxidative action (Wagh 

et al., 2012). Therefore, weak free radical scavenging activity of the extract may be due 

to the absence or low concentration of phenolic compounds in the seed extract of B. 

orellana and the interference of Apo and Diapo carotenoids at 517 nm. 

 

 
                                 Appendix Figure 1. Mass spectrum of compound BO-2  

 

 
                                     Appendix Figure 2. UV-Vis spectrum of compound BO-2 

 

 Appendix Figure 3. IR spectrum of compound BO-2                                    Appendix Figure 4. 1H NMR spectrum of  compound BO-2                                 
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Appendix Figure 5. 13C NMR spectrum of compound      BO-2 Appendix Figure 6. Mass spectrum of compound BO-3 

 

      
Appendix Figure 7. UV-Vis spectrum of compound BO-3            Appendix Figure 8. IR spectrum of compound BO-3 

 

 

 

 

 

 
   
 
 

Appendix Figure 9. 1H NMR spectrum of compound BO-3                       Appendix Figure 10. 13C NMR of compound BO-3 
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Figure 3. Plot of inhibition of DPPH scavenging activities of seed extracts of Bixa orellana and 

Ascorbic acid 

 
The in vitro antibacterial activity of the seed extracts against three bacterial strains was 

assessed by using the disk diffusion method. The seed extract exhibited moderate 

inhibitory effect against the tested bacterial pathogens at a concentration of 50 mg/mL 

(Table 4). Among the tested bacterial strains, E. coli, which is the Gram-negative 

bacteria, was found to be the most susceptible to the seed extract, with zone of 

inhibition of 14.0 mm (MIC = 0.25 mg/mL). This result is in agreement with the work 

reported by Gelmy et al. (2014), with a MIC of 256 μg/mL. The seed extract also 

showed the least antibacterial activity against the Gram-positive bacteria, S. aureus, 

with zone of inhibition of 9.2 mm (MIC = 1.0 mg/mL), which was consistent with the 

data reported by Rajendra (2014). Owing to the antibacterial effects of the seed extract, 

further phytochemical investigation was carried out, which led to the isolation of two 

carotenoids, of which the major compound is identified as bixin. As shown in Table 4, 

both tested Gram-positive and Gram-negative bacteria were less sensitive to the 

isolated compound (BO-2), ranging 2 - 4 mm zone inhibition at concentration of 1 

mg/mL.  

 

The seed extract of B. orellana also showed variation in the level of activity against the 

three fungal strains tested (Table 4). The seed extract exhibited weak activity against A. 

Niger with zone of inhibition of 9.2 mm (MIC = 12.5 mg/mL), however no activity 

was observed against A. flavus. All the tested fungi were resistant to the isolated 

compound (BO-2). In general, the carotenoids originated from plant are classified 

either primary or secondary metabolites. From these came up with an agreement that 

the extract favoring primary metabolite constituent have less activity against the 

microbes due to their synthesis as a requirement of the plant itself. Nevertheless, the 

secondary metabolites have better efficiencies on an activity against microbes due to 

their synthesis associated to defense mechanism of the plant. 
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 Table 4. Diameters of zone of inhibition of seed extract of B. orellana and compound isolated from it 
against some microbes. 

 
 

 

 

 

 

 

 

 

   Table 5. Minimum inhibitory concentrations (MICs) of the seed extract of B. orellana and compound isolated from it 
against some microbes. 

         + = Growth (2-5 mm); - = No growth of inhibition 

 
Conclusions 
 
Extraction solvent has a significant influence on the extraction of carotenoids from B. 

orelana. Previous studies have mostly focused on single solvent system; however, this 

study clearly indicates that solvent systems involving CHCl3/EtOH are more effective 

towards extracting optimal amount of carotenoids from B. orellana. Coloring strength 

was expressed in terms of total carotenoids, the result of which was comparable and 

meets the required standard set by the international community. However, the weak 

DPPH activity of the CHCl3/EtOH seed extract might be due to the absence or low 

concentration of phenolic compounds in the seed extract of B. orellana and the 

interference of carotenoids at 517 nm. It was also interesting to note that almost all 

tested microbes are less sensitive to either of the crude extract and the isolated 

compound. In conclusion, Bixa orellana grown in Ethiopia has a huge potential as a 

natural food colorant.  

 
Test organism 

Diameter of zone of inhibition (mm) 

Seed extract 
(50 mg/ml) 

Isolated compound 
(BO2) 

(1 mg/ml) 

Penicillin 
(25 mg/ml) 

Bacterial strains    

Escherichia coli 14.0 2.0 26.5 

Pseudomonas aeurginosa 11.7 4.0 36.5 

Staphylococcus aureus 9.2 3.0 24.0 

Fungal strains Seed extract 
(50 mg/mL) 

Isolated compound 
(1 mg/mL) 

Propiconazole 
(0.02%; v/v) 

Aspergilus flavus - - 34.0 

Aspergilus niger 9.2 - 22.0 

Fusarium verticollodes 4.3 - 44.0 

 
Test organism 

MIC (mg/mL) 

Seed extract Isolated compound (B.O-2) 

Bacterial strains 0.125 0.25 0.50 1.00 0.125 0.25 0.50 1.00 

Escherichia coli + - - - + + + - 

Pseudomonas aeurginosa + + - - + + - - 

Staphylococcus aureus + + + - + + + - 

Fungal strains 6.25 12.50 25.50 50.00 0.125 0.25 0.50 1.00 

Aspergilus flavus + + + + + + + + 

Aspergilus niger + - - - + + + + 

Fusarium verticollodes + + - - + + + + 
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Abstract 
 
In the current study, the sennoside content (hydroxyanthracene glycosides) of Senna 

alexandrina was investigated. Leaves, pod and flowers of Alexandrian senna were 

collected from potential areas of Ethiopia. After sample preparation, sennoside 

content of samples was calculated as sennoside B using spectrophotometric method. 

An effort was also made to standardize medicinal herbal tea preparation based on 

sennoside concentration. The total yield of sennosides (Min and Max) found in the 

leaf, pod and flower parts of the plant from different areas of the country were 1.08 - 

1.76, 1.43 - 2.62 and 0.08 - 0.15 %, respectively. For herbal tea consumption, 

decoction of 1.5 g powder of senna in 300 ml water for 10 minutes (pod) and 30 

minutes (leaf) were optimized for sennoside extracts. It was standardized according to 

the WHO monographs of daily intake of sennosides as twice a day for pod and once a 

day for leaf herbal tea. 

 

Introduction 
 
Constipation is a common complaint in 1-6 % of the middle-aged population and 20-

80 % of the elderly people. One of the most commonly used groups of drugs for the 

correction of functional disorders of the digestive system, are laxatives (Werner and 

Merz, 2007). The most widely used herbal remedies are containing anthraquinone 

derivatives (Kurkin, 2009), and the popular sources are two species of Cassia Senna 

(Сassia acutifolia Delile.) or Alexandrian Senna (Senna alexandrina Mill.) and 

Tinnevelly Senna (Cassia angustifolia Vahl.) within the family  of 

Fabaceae/Leguminosae. The active constituents in both senna leaf and fruit are 

dianthrone glycosides (hydroxyanthracene glycosides) principally sennosides A and 

B. There are also small amounts of aloeemodin and rhein 8-glucosides, mucilage, 

flavonoids, and naphthalene precursors (Bruneton, 1995). 

  

Senna alexandrina is originated in Mali east to Somalia and Kenya, much of it as 

wild plants. It is also native in Asia from the Arabian Peninsula to India and Sri 

Lanka. Two varieties are distinguished in Senna alexandrina. The first is var. 

obtusata (Brenan) Lock, restricted to Eritrea, Ethiopia, Somalia and northern Kenya, 

and the second is var. alexandrina, which is more widespread (Bosch, 2007). In 

Sudan, Ethiopia, Somalia and Kenya both leaves and pods are used as a purgative. 

Decoction of the pods is drunk to get rid of intestinal worms and to cure difficulties 

in breathing. The infusion of the pods is recommended as a purgative for pregnant 

women and to suppress fever. An infusion of the leaves is drunk to overcome 

flatulence and convulsions and to stop nosebleeds. 



 

204 

 

Although Senna Alexandrina shrubs are abundant in Ethiopia, the potential benefit 

from the plant has not been exploited due to lack of standardization and product 

formulation. Characterization of location based phytochemicals is stringent for the 

reason that quantitative and qualitative variability of secondary metabolites in the 

plant through cultivation conditions and time of harvesting (Dewick, 2001). 

Therefore, this study was conducted to determine the sennosides content of Senna 

alexandrina accession.  

 

Materials and Methods 
 
Sample collection 
Alexandrian Senna (senna alexandrina M.) samples were collected on mid of 

September 2016 from potential areas of eastern Ethiopia, particularly, Dubti (410 m 

a.s.l, N 11
0
46" E 041

0
02"), Logia (464 m a.s.l, N 11

0
41" E 040

0
56"), Mille (502 m 

a.s.l, N 11
0
22.78" E 040

0
44.51"). Furthermore, Fentale (983 m a.s.l, N 08

0
 55" E 039

0
 

50"), and Shinile (1086 m a.s.l, N 09
0
67" E 041

0
94").  Different parts of the plant 

(leave, pod and flower) were pinched independently. Each sample was dried on sun, 

pulverized through grinder, and packed in plastic bag until extraction. 

 
Sample extraction  
Powdered sample (0.5 g) was refluxed for 1 hr through superior extracting solvent 

(99.7 % methanol) (Upadhyay et. al., 2011) the insoluble matter were filtered through 

Buchner funnel and made the volume to 250 mL with methanol. The standard of 

sennoside B in methanol solution was scanned through Cary 100 UV-VIS 

spectrophotometer at wavelength range of 200-800 nm and selects 276 nm as a λ max 

value. Samples were analyzed immediately after extraction in order to avoid possible 

chemical degradation by using UV-VIS spectrophotometer at 276 nm wavelength 

(Tarkase and Danve, 2015). The experiments were carried out in a completely 

randomized design with three replicates. 

 
Detection and visualization 
The presence of sennosides (hydroxyanthracene glycosides) in methanol extracts 

were detected by analytical grade TLC with a solvent system of N-Buthanol: Ethyl 

acetate: Water as well as Glacial Acetic Acid in 8:8:6:1 ratio through a slight 

modification of the method described by French pharmacopeia (2007). In order to 

visualize the spot  20 % v/v solution of nitric acid was sprayed on the plate and 

heated the plate for 10 min at 120 
o
c. after cooling the plate 50 mg / L solution of 

potassium hydroxide in ethanol were sprayed. 

 
Herbal tea preparation 
Homogenized powder samples of leaf and pod were subjected to decoction by water 

with three concentrations viz. 1.5 mg/ 300 mL (sat 1), 1.5 mg/150 mL (sat 2) and 1.5 

mg /100 mL (sat 3) for 10, 20 and 30 minutes. The prepared tea were filtered through 

muslin cloth and subjected to determine the total hydroxyanthracene glycosides in 

terms of sennoside B. 

 Statistical analysis 
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Significance difference of total hydroxyanthracene glycosides between different 

types of var., parts and location of the plant were analyzed by SAS, version 9. 

Statistical significance was defined as p < 0.05. The effects of saturation and 

decoction time on sennoside content of the prepared herbal tea were determined 

through response surface optimization method with central composite design. 

 

Results and Discussion 
 
Quantitative analysis was performed by spectrophotometry. Thin-layer 

chromatography was employed for qualitative analysis for the presence of sennosides 

A and B (European Pharmacopoeia, 1995).  
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Figure 1. Hydroxyanthracene glycosides  

 
The presence of sennosides in the methanol extract were detected by TLC using N-

Buthanol: Ethyl acetate: Water: Glacial Acetic Acid (8:8:6:1) as a solvent system. 

Sennoside B was appeared at Rf value of 0.28 next to sennoside A (0.52), followed 

by sennoside C (0.84) and then sennoside D (0.72) (Figure 1). The total percent of 

sennoside (hydroxyanthracene glycoside) were determined by spectrophotometric 
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method and linearity of the measurement was evaluated by analyzing different 

concentrations of the standard sennoside B in methanol solution at 276 nm 

wavelength (Figure 2). The Beer Lambert’s law was followed in the range 

concentration of 184-1474 μg / ml sennoside B and the correlation coefficient was 

found to be 0.999 with a regression equation Y= 0.284 X - 0.011 (Figure 3).  

 

 

   

  Figure 1. TLC profiles of methanol extracts of senna alexandrina  

 

 
                                              
                                           Figure 2. The UV-Vis spectra of sennoside B in methanol solution.  

  

Sennoside B 

Sennoside A 

Sennoside D 

SennosideC 
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                           Figure 3. The plots of different concentration of sennoside B versus its absorbance. 

 

From the analysis of variance, the types (short var. and long var.) of senna shrubs 

significantly influenced the yields of sennoside in the leaf (P < 0.01) and pod (P < 

0.001) part.  Their flowers did not show significant difference in the total sennoside 

percentage. The short var. senna shrub was superior in total percent of sennoside with 

a mean value of 1.7 % and 2.33 % in the leaf and pod parts, respectively. The long 

var. senna shrub exhibited a sennosides content of 1.41 % and 1.72 % in the leaf and 

pod parts, respectively (Table 1).  Similar results were reported by Kurkin and Anna 

(2014) on yield of total anthracene derivatives in the leaf of Cassia acutifolia from 

Russia (1.21 to 1.88 %) interms of sennoside B determined by spectrophotometric 

method.  

 

The locations were significantly affecting the yields of sennoside content for both 

types of senna shrubs in the leaf, pod and flower part. The short var. senna shrub 

collected from Fentale gave a higher percent of sennosides from the pod (2.62 %), 

next to Dubti (2.30 %) and followed by Logia (2.06 %). The sennosides content from 

the leaf did not show a significant difference among Dubti (1.73 %) and Fentale (1.77 

%) samples, but Logia samples exhibited lower mean value (1.60 %) (Table 2). From 

the long var. senna shrub accession, Shinile is superior in sennosides content in the 

pod (2.08 %) and flower (0.15 %), while Mile had higher value for the leaf (1.61 %) 

(Table 3). 

 

Generally the sennosides content obtained from the pod comply the WHO and 

European standard limit which is 2.2 % calculated as sennoside B. The sennosides 

content in the leaf appeared to be less than the expected range of WHO (1999) 

monograph limit, which is 2.5 % calculated as sennoside B. This occurred due to the 

season of sampling which was during flowering, leading to shift of the secondary 

metabolite from leaf to flower and pod. Complimentary results were reported by 

Ratnayaka et al (2002), indicating that deflowering increases the sennoside A and B 

concentration in the leaf by 25%  and also sennosides content increases at the age of 

90 days, which is before flowering (Upadhyay et al., 2011).   
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Table 1. The effect of types (var.) on sennosides content of Senna alexandrina 
 
 

 

 

 Means followed by the same letter within a column are not significantly 

different at P<0.05. . 

  
                                  Table 2. The influence of location on the sennosides content for short var. Senna 

alexandrina  
 

Location Altitude (m) Total Sennosides (%) 

Leaf Pod Flower 

Dubti 410 1.73 a 2.30 b 0.13 a 

Fentale 983 1.76 a 2.62 a 0.14 a 

Logia 431 1.60 b 2.06 c 0.13 a 

LSD at p < 0.05 - 0.093 0.0094 0.02 

Means followed by the same letter within a column are not significantly 

different at P<0.05. . 

  
Table 3. The influence of location on the of sennosides content for long var. Senna 

alexandrina  
 

Location Altitude (m) Total Sennosides (%) 

Leaf Pod Flower 

Logia 464 1.55 b 1.64 b 0.08 c 

Mile 502 1.61 a 1.43 c 0.13 b 

Shinile 1086 1.08 c 2.08 a 0.15 a 

LSD at p < 0.05 - 0.02 0.0094 0.02 

Means followed by the same letter within a column are not significantly 
different at P<0.05. . 

 

The herbal teas were made from leaf and pod of Senna alexandrina through 

decoction in order to set the standard dose based on daily-recommended value of 

total sennoside content calculated as sennoside B. The interaction of decoction time 

(temperature effect on extracting the active constituent) and the concentration of the 

applied herbal maters (solvent saturation effect on extracting the active constituent) 

were determined. The sennoside content of the herbal tea made from senna leaf 

increases with decreasing saturation and increasing decoction time (Figure 4). 

Similarly, the sennoside yield increased with decreasing saturation and decoction 

time of the tea prepared from senna pod (Figure 6).  

 

According to the WHO monograph standard dose of sennoside (20-30 mg 

hydroxyanthracne derivatives calculated as sennoside B per day), herbal tea made 

from 1.5 g of senna leaf powder with in 300 ml of water for 30 minutes decoction 

time was recommended per day (Figure 5).  In the case of senna pod tea, 1.5 g 

powder per 300 ml water for 10 minutes decoction time was recommended twice a 

day (Figure 7). 
 

       

Type Total Sennosides (%) 

Leaf Pod Flower 

Short var. 1.70 a 2.33 a 0.13333 a 

Long var. 1.41 b 1.72 b 0.12000 a 

LSD at p < 0.05 0.1867 0.2665 0.024 



 

209 

 

 

                         Figure 4. Optimization plots of leaf tea                           Figure 5. Contour plots of leaf tea 
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                               Figure 6. Optimization plots of pod tea                          Figure 7.  Contour plots of pod tea 
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           Note: Sen: sennoside (mg); sat: saturation (g/mL); dt: decoction time (min) 

 

Conclusion 
 
From the results of the present study, it was concluded that the active ingredient 

(sennosides content) in senna alexandrina Mill differs with the location where it 

grows, type of var. and part of the plant. For herbal tea consumption, 1.5 g powder of 

senna per 300 ml water decoction for 10 minutes twice a day for the pod and 30 

minutes decoction time once a day for leaf were set as optimum rates.  
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Abstract 

 
In the current study the different solvent extracts of  Prosopis juliflora (stem bark, seed 

and leaf) were evaluated for their insecticidal effects on groundnut aphids (Aphis 

craccivora)  at 1, 2.5, 5, 10 and 15 % concentrations. The study was also focused on 

isolation and characterization of active ingredients of the plant. The analysis of 

bioactive compounds in the plant extracts involved the applications of common 

phytochemical screening assays through chromatographic techniques. Three 

compounds, 4-(2-aminoethyl) phenol (1), 3-O-methyl-chiro-inositol (2) and 4-(2-

aminoethyl) phenoxy)-6-methoxycyclohexane-1, 2, 3, 4-tetraol (3) were isolated from 

the leaves of the methanolic extract. The highest mortality caused by methanol and 

dichloromethane extracts in 12 h was 83.33% against groundnut aphid. Structural 

elucidations of the compounds were performed based on their 
1
H NMR, 

13
C NMR, UV 

and IR spectra.  

 

Introduction 
 
The high diversity of plants in different parts of the world is a potential source of 

useful compounds, which could be extracted and used for various purposes. Primitive 

man has found these extracts efficient as medicines for the relief of pain or alleviation 

of the symptoms of disease, as poisons for use in warfare and hunting and as effective 

agents for euthanasia and capital punishment. They have also been used as narcotics, 

hallucinogens, or stimulants to relieve tedium, or alleviate fatigue and hunger. Many 

of these natural products are still used today usually for the same general purpose 

(Mann, 1995). 

 

Besides, the use of natural products as perfumes, flavoring agents, insecticides, insect 

antifeedants, fungicides, plant growth regulating hormones, molluscicides, etc. has 

been well known long ago. Characterization of new plant compounds is usually 

followed by study of their biological activity and biosynthesis. One of the most 

exciting things that emerged in the last few years is realization of natural products 

that have been considered useless do have functions in the organisms from which 

they originate. It is recognized that many of them have vital roles as mediators of 

ecological interactions, thereby ensuring the continued survival of a particular 

organism. Despite the vast number and structural diversity of metabolites, almost all 

arise by one of the three biosynthetic pathways or by a combination of two or more of 

mailto:fishgebel@yahoo.com
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these pathways, known as the acetate, mevalonate and shikmate pathways (Mann, 

1994). 

 

Prosopis belongs to the family Leguminosae (Fabaceae), sub-family Mimosoideae. It 

contains 44 species (Burkart, 1976) which grow in a wide array of environments and 

are commonly not restricted by soil type, pH or salinity. They grow in semi-arid and 

arid tracts of tropical and sub-tropical regions of the world and are spreading fast 

because the leaves are unpalatable and animals do not digest their seeds (Felker., et 

al. 1981). Most of the species are shrubs or small trees, mainly characterized by the 

presence of thorns and prickles and highly recognized for their properties as 

windbreaker, soil binder, and sand stabilizer, as well as their ability to grow in the 

poorest soils and to survive in areas where other trees cannot do well (Van Klinken 

and Campbell, 2001). One of the species, P. juliflora was introduced in to Ethiopia as 

a biological soil and water conservation agent during the late 1970s. Now it is 

becoming a major threat because of its invasive nature. There are reports indicating 

that P. juliflora is widely distributed in Ethiopia (Abdulahi., et al. 2017, Birhane., et 

al. 2017). However, extracts of P. juliflora are said to be effective against some weed 

species, insects, nematodes, pathogenic bacteria, fungi and viruses. Its leaf extracts 

have been found to inhibit germination in a number of species (Sen and Chawan, 

1970), including the invasive weed Parthenium hysterophorus (Al-Rawahy., et al. 

2003).Therefore, the objective of this study was to investigate the phytochemical 

composition of P. juliflora and insecticidal activities of its extracts against ground nut 

aphid. 

 

Materials and Methods 
 
Chemicals and Instruments 
Some of the chemicals used in this study were HPLC grade (Methanol, 

Dichloromethane, n-hexane, DMSO), while the remaining were analytical grades. 

Fatty acid standards were purchased from Sigma-Aldrich, Germany. All other 

chemicals were purchased from Fisher Scientific, UK. HPLC experiment was 

conducted on Agilent-1260 infinity system with UV Daiod Aray detector. 
1
H and 

13
C 

NMR spectra were recorded on a Bruker Avance 400 NMR spectrometer at 400.13 

and 100.6 MHz, respectively. IR Spectra were recorded on a Perkin-Elmer Spectrum 

65 instrument in the range of 4000-200 cm
-1

. UV spectra were recorded on a UV-T60 

spectrophotometer. 
 
Chromatography 

Analytical TLC was run on Merck Kieselgel 60 F254. Plates were visualized under 

UV light and by spraying with Vanillin 5% H2SO4 in MeOH followed by heating for 

a few seconds. Silica gel 60 (Merck) with particle size 0.063-0.200 (70-230 mesh 

ASTM) was used for column chromatography. 
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Preparation of Plant materials 
The stem bark, seeds and leaves of P. juliflora were collected from Amibara Woreda 

(Afar region) in October 2016. The samples were collected in sterile polyethylene 

bags. The fresh samples were transported in ice box and were preserved in a deep 

freezer until processing. The stem bark of P. juliflora was chopped into small pieces 

and dried at room temperature for two weeks. The dried seeds and stem bark were 

milled using a “knife” mill. The fresh leaves were frozen in liquid nitrogen and 

crushed with a mortar and pestle.  

 

Extraction 
Hydrodistillation, Soxhlet and solvent extraction method extracted the powdered 

plant materials. The crude extracts were evaluated under laboratory condition through 

different concentrations. Based on preliminary evaluation, phytochemical studies on 

methanol leaf extract of P. juliflora was conducted as follow: 

 

The fresh leaves of P. juliflora were cut into small pieces, frozen in liquid nitrogen 

and ground. The ground leaves (5 kg) were soaked in MeOH(8 L) for 72 h at room 

temperature with occasional stirring and shaking. The extracts was then filtered first 

through a fresh cotton plug and then with a Whatman No. 1 filter paper. The solvent 

was then removed by rotary evaporation at 35 °C to afford a dark green crude extract 

(309 g). Solvent-solvent partitioning (Figure 1) was done by using the protocol 

developed by Kupchan and Tsou (Kupchan and Tsou. 1973) and modified by 

Wagenen., et al.  (1993). Thus, the crude extract was dissolved in MeOH (400 mL) 

and defatted by soaking in n-hexane (0.8L) for 48 hwith occasional stirring and 

shaking. The hexane extract was separated and the solvent was removed to afford 

10.7 g of extract. The residue obtained after removal of MeOH was washed with 

DCM (0.8L) and removal of the solvent afforded 8.9 g of the DCM-soluble material. 

The residue was dried to afford 289 g of hexane and DCM-insoluble material. Figure 

1 summarizes the extraction procedure. 

 
Isolation of compounds 
The residue (FR 3, 30g) was applied on a column of silica gel (900g) and eluted with 

DCM-MeOH mixtures of increasing polarity. Fourt nine fractions (each 100 ml) were 

collected as shown in Table 1. Analytical TLC with DCM-MeOH solvent system 

monitored the progress of separation and fractions of similar TLC profiles were 

combined to give twelve fractions (Table 2). 

 

Fraction 6 was further purified by chromatography over a short silica gel (10 g) 

column using .EtOAc: MeOH mixtures of increasing polarity. Thirteen fractions 

(each 10 ml) were collected. From fraction 1 to 5 were collected using EtOAc-

methanol (9:1) solvent system. Fraction 6 eluted with EtOAc: MeOH (8:2) resulted in 

white crystals (31mg), which was identified to be 4-(2-aminoethyl) phenol (1). 

 

Removal of the solvent from Fraction 9' give a residue (989 mg) which was applied 

on a column of silica gel (30 g) and eluted with CHCl3:MeOH mixtures of increasing 
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polarity. Twenty-eight fractions (each 25 mL) were collected. Fraction 13, which was 

eluted with CHCl3: MeOH (7.5:2.5) afforded a white crystalline solid (79 mg) which 

was identified to be 3-O-methyl-chiro-inositol (2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

400 mL MeOH 

Fractionated with n-hexane (800 mL) 

n-hexane soluble fraction 

(upper layer) 

n-hexane insoluble fraction (lower layer) 

 

 

(10.7 g ) n-Hexane extract (FR 1) 

Washed with DCM (800 mL) 

DCM soluble part n-hexane and DCM insoluble  part  

 

(8.9 g) DCM extract (FR 2) 

Crude MeOH extracts (309 g) 

Remove solvent 

 

Remove solvent 

 

(289 g) Residue (FR 3) 

 

Remove solvent 

 

 
                             Figure 1. Schematic representation of partitioning of the crude MeOH extract of leaves of P. juliflora. 
                                   
                                   Table 1. Fractionation of the MeOH extract. 
 

Solvent system Ratio Fractions Volume (mL) 

DCM-MeOH 10.0: 0 1&2 200 

“ 9.5:0.5 3&4 200 

“ 9.0:1 5-10 600 

“ 8.5:1.5 11-15 500 

“ 8.0:2.0 16-21 600 

“ 7.5:2.5 22-26 500 

“ 7.0:3.0 27-34 800 

“ 6.5:3.5 35-39 500 

“ 6.0:4.0 40-47 800 

“ 5.0:5.0 48 100 

“ 0:10.0 49 100 

                                   
                                       Table 2. Weights of combined fractions 
 

Fractions combined Code Weight (mg) 

1&2 1' 29 

3 2' 107 

4-6 3' 307 

7-10 4' 141 

11-13 5' 826 

14-16 6' 234 

17&18 7' 241 

19-21 8' 203 

22-26 9' 989 

27-34 10' 2070 

35-41 11' 1034 

42-49 12' 794 
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 Identification of compounds 

 
4-(2-Aminoethyl) phenol (1). 
White crystalline solid.mp 160-163 °C; Lit mp = 164 °C. UV (λmax, MeOH) 276 

nm.IR υmax(KBr):  3411, 3202, 1613, 1500 ,1229 cm
-1

.
1
H NMR: and 

13
C NMR: The 

detailed information such as names of the compounds, literature value etc., are given 

in the result and  discussion part.  

 
3-O-methyl-chiro-inositol (2) 
White crystalline solid mp158-161°C; UV (λmax, MeOH). No absorption band above 

200 nm.IR υmax (KBr): 3306, 2913, 1500, 1447, 1369, 1325 and 1246 cm
-1

. 
1
H and 

13C NMR The detailed information such as names of the compounds, literature value 

etc., are given in the result and discussion part.  

 

Results and Discussion 
 
Bioassay of extracts of P. juliflora against groundnut aphid 
The insecticidal activities of extracts of P. juliflora were tested against groundnut 

aphid (Aphis craccivora) and insect mortalities in response to application of different 

concentrations were evaluated after 12, 24, 48, 72 and 96 hrs. In triplicates. Results 

of the experiment indicated that rate of mortality of groundnut aphids was highly 

significantly (P < 0.0001) affected by concentration of all the extracts (Table 3).  
 
                            Table 3. Bioassay data of P. juliflora extracts against groundnut aphid (Aphis craccivora). 
 

 Extract Plant part and 
concentration 

Mean mortality 

12 h 24 h 48 h 72 h 96 h 

1  
 
 
 
 
Hydro-
distillate 

Leaves (1%) 3.667ij 8.333bcdef 10.000a 10.000a 10.000a 

2 Leaves(2.5%) 5.333hi 8.000cdef 10.000a 10.000a 10.000a 

3 Leaves(5%) 6.667defgh 9.667ab 10.000a 10.000a 10.000a 

4 Leaves(10%) 7.000cdefgh 9.667abcd 10.000a 10.000a 10.000a 

5 Leaves(15%) 8.333abcdef 10.000a 10.000a 10.000a 10.000a 

6 Stem bark(1%) 3.667ij 9.000abcd 10.000a 10.000a 10.000a 

7 Stem 
bark(2.5%) 

5.333hi 9.333ab 10.000a 10.000a 10.000a 

8 Stem bark(5%) 7.000cdefgh 9.333abc 10.000a 10.000a 10.000a 

9 Stem 
bark(10%) 

8.667abcde 9.333abc 10.000a 10.000a 10.000a 

10 Stem 
bark(15%) 

9.000abcd 10.000a 10.000a 10.000a 10.000a 

11  
 
 
 
 
Soxhlet 
extract 

Leaves(1%) 3.667ij 8.333bcdef 10.000a 10.000a 10.000a 

12 Leaves(2.5%) 5.333hi 8.667abcde 10.000a 10.000a 10.000a 

13 Leaves(5%) 6.000fghi 9.667ab 10.000a 10.000a 10.000a 

14 Leaves(10%) 6.667defgh 9.667abcd 10.000a 10.000a 10.000a 

15 Leaves(15%) 9.333abc 10.000a 10.000a 10.000a 10.000a 

16 Stem bark(1%) 2.333jkl 7.000f 10.000a 10.000a 10.000a 

17 Stem 
bark(2.5%) 

6.333efgh 9.000abcd 10.000a 10.000a 10.000a 

18 Stem bark(5%) 6.667defgh 9.333abc 10.000a 10.000a 10.000a 

19 Stem 
bark(10%) 

7.000cdefgh 9.667ab 10.000a 10.000a 10.000a 

20 Stem 
bark(15%) 

9.667ab 10.000a 10.000a 10.000a 10.000a 

21 Seeds (1%) 5.667ghi 9.333abc 10.000a 10.000a 10.000a 
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22 Seeds(2.5%) 6.000cdefgh 9.333abc 10.000a 10.000a 10.000a 

23 Seeds(5%) 6.333bcdefgh 9.667ab 10.000a 10.000a 10.000a 

24 Seeds(10%) 6.667defgh 9.667ef 10.000a 10.000a 10.000a 

25 Seeds(15%) 6.667fghi 9.667abcd 10.000a 10.000a 10.000a 

26  
 
 
 
 
 
DCM 
extract 

Leaves(1%) 6.667defgh 7.667def 10.000a 10.000a 10.000a 

27 Leaves(2.5%) 7.667abcdefgh 9.333abc 10.000a 10.000a 10.000a 

28 Leaves(5%) 9.333abc 10.000a 10.000a 10.000a 10.000a 

29 Leaves(10%) 9.333bcdefgh 10.000abc 10.000a 10.000a 10.000a 

30 Leaves(15%) 9.667abcd 10.000a 10.000a 10.000a 10.000a 

31 Stem bark(1%) 3.667ij 8.333bcdef 10.000a 10.000a 10.000a 

32 Stem 
bark(2.5%) 

7.000cdefgh 9.000abcd 10.000a 10.000a 10.000a 

33 Stem bark(5%) 7.667abcdefgh 9.000abcd 10.000a 10.000a 10.000a 

34 Stem 
bark(10%) 

10.000a 10.000a 10.000a 10.000a 10.000a 

35 Stem 
bark(10%) 

10.000a 10.000a 10.000a 10.000a 10.000a 

36 Seed(1%) 6.667defgh 10.000a 10.000a 10.000a 10.000a 

37 Seeds (2.5%) 7.000cdefgh 9.667ab 10.000a 10.000a 10.000a 

38 Seeds (5%) 7.667ghi 9.667ab 10.000a 10.000a 10.000a 

39 Seeds (10%) 9.000abcd 10.000a 10.000a 10.000a 10.000a 

40 Seeds (15%) 9.000abcd 10.000a 10.000a 10.000a 10.000a 

41  
 
 
 
 
 
MeOH 
extract 

Leaves(1%) 9.333abc 10.000a 10.000a 10.000a 10.000a 

42 Leaves(2.5%) 9.333abcdefgh 10.000a 10.000a 10.000a 10.000a 

43 Leaves(5%) 9.333abc 10.000a 10.000a 10.000a 10.000a 

44 Leaves(10%) 9.333abc 10.000a 10.000a 10.000a 10.000a 

45 Leaves(15%) 10.000a 10.000a 10.000a 10.000a 10.000a 

46 Stem bark(1%) 8.667abcde 10.000a 10.000a 10.000a 10.000a 

47 Stem 
bark(2.5%) 

9.333abc 10.000a 10.000a 10.000a 10.000a 

48 Stem bark(5%) 9.000abcdefg 10.000a 10.000a 10.000a 10.000a 

49 Stem 
bark(10%) 

9.667ab 10.000a 10.000a 10.000a 10.000a 

50 Stem 
bark(15%) 

9.667abcdef 10.000a 10.000a 10.000a 10.000a 

51 Seeds(1%) 6.000fghi 9.667ab 10.000a 10.000a 10.000a 

52 Seeds(2.5%) 8.333abcdef 9.667ab 10.000a 10.000a 10.000a 

53 Seeds(5%) 9.333abc 9.667abc 10.000a 10.000a 10.000a 

54 Seeds(10%) 9.333abcd 9.667abc 10.000a 10.000a 10.000a 

55 Seeds(15%) 9.667ab 9.667ab 10.000a 10.000a 10.000a 

56  
 
 
Control 

1% 1.333jkl 1.333ghi 1.667cde 2.000cd 3.000bc 

57 2.5% 1.667jkl 1.667ghi 2.000bcd 2.333bc 3.000bc 

58 5% 1.667jkl 1.667ghi 2.000bcd 2.333bc 3.000bc 

59 10% 2.000jkl 2.333gh 2.667b 2.667b 3.000bc 

60 15% 2.667jk 2.667g 2.667b 2.667b 3.333b 

61 DMSO 2.000jkl 2.333gh 2.333bc 2.333bc 2.333de 

62 blank 0.667kl 0.667i 1.000ef 1.6667de 2.333de 

63 distilled water 0.667kl 0.667i 1.000ef 1.6667de 1.667fg 

Mean 5.742 7.227 5.742 7.227 7.733 
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CV(%) 7.345 5.017 4..345 3.017 2.211 

LSD(0.05) 2.348*** 1.518*** 2.348*** 1.518*** 0.899*** 

Figures followed by the same letter (s) within a column are not significantly different 

at P ≤ 0.05. ***= very high significant difference, DMSO= dimethyl sulfoxide,. CV = 
coefficient of variance; LSD = least significant difference 

 

The results presented in Table 3 summarize the bioassay of the extracts of P. juliflora 

that promoted significant mortality (Ghosh., et al. 2012) for at least a given 

concentration when compared to the control. Insecticidal activities higher than 50% 

at any tested concentration were considered significant. The highest mortality of 

groundnut aphid was recorded for 1% concentration in 24 hrs. At this concentration, 

the groundnut aphids encountered total death. There were significant correlations 

between mortality of groundnut aphid, type of plant extract and its concentration. 

Hence, highly significant differences were observed between different extracts and 

concentrations. This means that aphid mortality is greatly affected by plant extract 

concentration and type of extract used. 
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Figure 2. Mean mortality rates of groundnut aphids exposed to different extracts at the 

lowest concentration (1%) after 12 h. 
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Figure 3. Mean mortality rates of groundnut aphids due to extracts from different parts of P. juliflora 
at the lowest concentration (1%) after 12 h. 

 

Figure 3 shows the mean mortality rates of groundnut aphids at the lowest 

concentration. Among the treatments, methanol extract from both leaves and stem 

bark caused death largely. On the other hand, among the extracts of seeds, DCM 

extracts killed aphids largely compared to other extracts. In this study, the highest 

recorded of mortality was due to leaf extracts. As shown in Figure 3, at the lowest 

concentration (1%) the MeOH extract of leaves of P. juliflora showed the highest 

insecticidal activity after 12 h of treatment application. 

 

The LC50, LC95,LT50 and LT95 values were obtained through probit analysis.(Ashford 

and Sowden 1970) .The LC50 values showed that MeOH extracts of all parts of the 

plant had higher efficacies at the lowest concentration. The DCM extract of stem bark 

was the least active while the MeOH extract of the leaves was the most active 

compared to the others. 
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  Table 4. Efficacy of P. juliflora stem bark, seed and leaf extracts against groundnut aphids for lethal 
concentration LC50 and LC95 at the shortest time (12 h) and for lethal time LT50 and LT95 at the 
smallest concentration (1%) after treatments. 

 

Extraction 
method 

Plant part Curve equation, 
M= yC+ b 

Lethal concentration 
(%) 

Lethal time (h) 

LC50 LC95 LT50 LT95 

Hydro- 
distiliation 

Seeds - - - - - 

Stem bark M=14.000C+11.334 2.76 5.98 1.46 4.76 

Leaves M=10.999C+18.004 2.91 7.00 1.63 4.77 

Soxhlet 
extraction 

Seeds M=2.667C+52.000 HS 16.12 HS 4.54 

Stem bark M=15.335C+2.660 3.09 6.02 2.44 4.89 

Leaves M=12.666C+11.336 3.05 6.61 1.63 4.77 

DCM extraction Seeds M=6.666C+52.004 HS 6.45 HS 4.25 

Stem bark M=15.666C+14.004 2.30 5.17 1.63 4.77 

Leaves M=7.666C+54.670 HS 5.26 HS 4.70 

MeOH 
extraction 

Seeds M=8.334C+51.996 HS 5.16 HS 4.44 

Stem bark M=2.334C+83.998 HS 4.71 HS 3.12 

Leaves M=1.334C+89.328 HS 4.25 HS 1.25 

HS= out of the range (highly significant), M =  mortality , y =  slope , C =  concentration,  b =  
y-intercept 

 
Phytochemical investigation of the leaves of P. juliflora 
In the course of this work, attempts were made to isolate and characterize secondary 

metabolites from the leaves of P. juliflora. Thus, three compounds were isolated by 

using silica gel column chromatography and characterized by spectroscopic 

techniques as described below. 

 
Characterization of Compound 1 
Compound one had a melting point of 160-163 °C. Its UV spectrum in MeOH 

displayed an absorption maximum (λmax) at 276 nm, which is characteristic of a 

phenolic nucleus (Sayed, et al. 2006). The IR spectrum (KBr) indicated the presence 

of an aromatic ring (1613, 1500, 1229 cm
-1

), a hydroxy group (3202 cm
-1

) and an 

amine (3411 cm
-1

). 

 

The 
1
H NMR spectrum of compound 1 (Table 8) showed doublets at δ 7.10 and 6.79 

(J = 8.0 Hz) integrating for two protons each due to aromatic protons on a 1,4-

disubstituted benzene ring. Two triplets were observed at δ 3.12 and 2.87 (J = 8.0 Hz) 

integrating for two protons each indicating the presence of two adjacent methylene 

groups, presumably attached to the aromatic ring at one end and to an electron 

withdrawing group on the other.  
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Table 5. Comparison of 1H NMR data of compound 1 with literature values (in D2O). 

 

Proton Comp. 1 
(δppm) 

Literature (Sato., et al. 1970), (Samsonova., et al. 
2004) 

(δppm) 

2, 6 7.12 
(2H, d, J= 8.0 Hz, H-2 and 2’) 

7.24 

3, 5 6.79 
(2H, d, J=8.0 Hz, H-3 and 3’ ) 

6.90 

1’ 2.87 
(2H, t, J=8.0 Hz, H-6) 

2.94 (2H) 

2’ 3.12 
(2H, t, J=8.0 Hz, H-5 ) 

3.16 (2H) 

 

The 
13

C NMR spectrum (Table 6) of compound 1 showed six carbon resonances of 

which four are in the aromatic region and the remaining two are in the aliphatic 

region. The DEPT-135 spectrum revealed that the signals at δ 129.4 and 115.3 are 

due to aromatic methine carbons while the signals at δ 40.9 and 32.4 are due to 

aliphatic methylene carbons. The quaternary carbon signals appeared at δ156.4, 

127.0. The 
13

C NMR spectrum together with the 
1
H NMR spectrum allowed for 

the assignment of the signal at δ 129.4 to the two equivalent aromatic carbons 

C-2 and C-6. The signal at δ 115.3 can be attributed to C-3 and C-6 ortho to 

an electron-donating group at C-4. It is thus evident that the side chain is 

attached to C-1 whose carbon resonance appeared at δ 127.0. 
 

Table 6. Comparison of 13C NMR data of compound 1 with literatures (Sato., et al. 1970), 
(Samsonova., et al. 2004) values (in DMSO-d6). 

 

Carbon Comp. 1 
(δppm) 

Literature (Sato., et al. 1970), 
(Samsonova., et al. 2004) 

(δppm) 

1 127.0 127.2 

2,5 129.4 129.4 

3, 6 115.3 115.4 

4 156.4 156.2 

1’ 32.4 30.6 

2’ 40.9 38.7 

 

The UV, IR and NMR data allowed for the identification of comp. 1 as4-(2-amino 

ethyl) phenol. Comparison of the 
1
H and 

13
C NMR data of comp. 1 with those 

reported for 4-(2-amino ethyl) phenol in the literature (Sato., et al. 1970) 

(Samsonova., et al. 2004) revealed that the two compounds are identical. 

 

 

                                                                   Figure 3. Structure of compound 1. 
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Characterization of Compound 2 
Compound two had a melting point of 158-161°C. The UV spectrum of two in 

MeOH did not show any absorption band above 200 nm, which indicated that there 

are no chromophores, and that it might be a saturated hydrocarbon. The IR spectrum 

(KBr) indicated the presence of hydroxyl groups (3306 cm
-1

). An aliphatic C-H 

stretching band appeared at 2913 cm
-1

, O-C stretching band was observed at 1500 

cm-1 while bands between 1246, and 1447 cm
-1 

are due to bending vibration of O-C 

group. 

 

The 
1
H NMR spectrum of compound 2 (in D2O) showed nine proton resonances 

between δ 3.25 and 3.88 indicating that all of the carbon atoms to which the protons 

are attached are oxygenated. The proton resonances at δ 3.88, 3.70, 3.67, 3.62, 3.55, 

and 3.24 integrated for one proton each due to methine protons, while the signal at δ 

3.46 integrated for three protons and is due to a methoxy group. The 
1
H NMR 

spectrum recorded in DMSO-d6 (Table 7) showed five additional proton resonances 

at δ 4.73 (d), 4.69 (d), 4.54 (d), 4.49 (d), 4.35 (d) which integrated for one proton 

each. These signals disappeared upon addition of drops of D2O and therefore revealed 

the presence of five hydroxyl groups. 

 

The 
13

C NMR spectrum of two showed seven carbon resonances between δ 60.1 and 

84.2. The DEPT-135 spectrum revealed that the signal at δ 60.1 is due to a methoxy 

group while the remaining carbon resonances are attributable to methine carbons. 

 

It was evident from the spectroscopic data generated for compound 2 that it is a 

polyhydroxylated hydrocarbon. From the 
1
H, 

13
C and DEPT-135 NMR spectra, the 

molecular formula C7H14O6 could be deduced for compound 2. The rings plus double 

bonds calculated for this molecular formula is 1. This, coupled with the spectroscopic 

data, clearly suggested the presence of only one ring in compound 2. It was also 

evident that the ring is six-membered. 

 

Based on the above experimental data, compound 2 was identified to be 3-O-chiro-

inositol (Figure 4). The HH COSY and HSQC spectra established correlations, which 

agreed with the proposed structure. Comparison of the 
1
H and 2D NMR data of 2 

with those reported in the literature (Della Greca., et al. 2007)
, 
(Abraham.,  et al. 

2005)
 
for 3-O-methyl-chiro-inositol revealed a very close resemblance. 
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                                                                         Table 10. 1H NMR (400.13 MHz) data of   D2O.                    
 

 

 

 

        
 

Table 11.13C NMR (100.6 MHz) data (δppm) of compound 2 in 
compound 2 in DMSO-d6. 

                                               

Proton Comp. 2 Literature (Della Greca., et al. 
2007), (Abraham.,  et al. 2005) 

1 3.70 3.89 

2 3.62 3.62 

3 3.24 3.25 

4 3.46 3.35 

5 3.67 3.73 

6 3.88 3.91 

7 3.55 3.58 

 

 
                                                                  Figure 4. Structure of compound 2. 

 
Characterization of Compound 3 
Compound three had a yellowish color and melting point of 175-180 °C; Lit mp = 

178 °C. The characteristics of compound 3 were the combination of the two 

compounds. 

 
Conclusion 
 
The present study was conducted to evaluate the insecticidal activities of extracts of 

P. juliflora against groundnut aphids (Aphis craccivora). All extracts of P. juliflora 

showed high percentage mortality at 1% concentration in 24 h against groundnut 

aphids. Extracts of the plant showed significant insecticidal activity at 0.001% level 

of confidence. Thus, P. juliflora has the potential to be used as a bio-insecticide. As 

part of this research, phytochemical analysis was conducted on the MeOH extract of 

the leaves of P. juliflora and three compounds, namely, 4-(2-aminoethyl) phenol (1), 

3-O-methyl-chiro-inositol(2)and4-(2-aminoethyl)phenoxy)-6-methoxycyclohexane-

1,2,3,4-tetraol (3) were  isolated and characterized. In general, it was observed that P. 

juliflora is a rich source of flavonoids, alkaloids and saponins. A more rigorous 

Carbon Comp. 2 

1 72.4 

2 71.3 

3 84.2 

4 73.0 

5 70.5 

6 72.9 

7 60.1 
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bioactivity guided phytochemical work on P. juliflora might lead to the isolation and 

characterization of novel secondary metabolites with insecticidal properties. 
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Abstract 
 
In the present study, efficiency of two catalysts (TiO2 and TiO2 supported on zeolite) for 

the photocatalytic degradation of textile wastewaters from textile industries were 

evaluated. Textile wastewater (collected from Akaki and Sebeta) and methyl Orange 

were used as a dye sample. Commercial nano-size TiO2 and TiO2 supported on zeolite 

were used as catalysts for the photocatalytic reaction. The source of light used to 

activate the reaction was a 150 W UV lamp. UV-Vis spectra of the sample solution 

withdrawn from the reactor were recorded using a Perkin-Elmer spectrum 65 

UV/Vis/NIR double beam spectrophotometer. Multivariate Curve Resolution statistical 

analysis combined with an Alternating Least Squares algorithm (MCR-ALS) proved to 

be an efficient method to resolve the different intermediates present during the 

photocatalytic degradation of the pollutants and to provide information about their 

evolution with time. Methyl orange dye photo degradation at pH 3 showed different 

intermediate and concentration profiles than at pH 6. The evolution of intermediates 

from textile wastewater photo degradation could also be resolved by this method. From 

the concentration profile or the reactants, a kinetic study was done and results revealed 

that all the photo degradation reactions followed a first order kinetics. When TiO2 

supported on Zeolite was used, reactions were slower. That is probably due to a 

mechanism of adsorption or desorption while TiO2 gives an enhanced photocatalytic 

activity. 

 
Introduction 
 
In Ethiopia, most of the textile industries are built around the nearby rivers like Akaki 

and Mojjo so that they can discharge their wastewater into the rivers without any 

difficulty. The environmental effects of these textile dyes become sever and affect the 

quality and production of agricultural commodities. Even though some textile 

industries treat their textile wastewater before they discharge into the rivers, the 

treatment process is not much efficient to remove the toxic dyes since the nature and 

stability of these dyes is difficult to degrade completely by using conventional 

treatment methods. The technologies used for colour removal can be divided into 

three categories: biological, chemical and physical (Sahu et al., 2013). Traditional 

physical techniques include adsorption, reverse osmosis and ultrafiltration among 

others. However, these physical processes simply transfer the pollutants from one to 

another medium causing secondary pollution. Biological processes (Dos Santos et al., 
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2007) involving microbiological or enzymatic decomposition and biodegradation are 

not effective due to the stability of dye molecules (Río et al., 2012). Chemical 

processes include precipitation, chemical oxidation processes and heterogeneous 

photocatalytic oxidation.  

 

From these techniques, heterogeneous photocatalytic oxidation process is proposed as 

an interesting alternative to conventional methods (Fujishima and Honda, 1972; 

Hoffmann et al., 1995). This is the most efficient and environmentally friendly 

technology which scientists recently are highly encouraged and working on it. Among 

the catalysts used in photocatalysis of dyes, titanium dioxide (TiO2) is the most 

common and efficient one. It is relatively inexpensive, non-hazardous and stable 

(Hoffmann et al., 1995; Fujishima et al., 2000). Moreover, it can be easily supported 

onto other solid matrixes to increase the reusability (Guesh et al., 2016; Kuwahara et 

al., 2011). Photo degradation mechanism is complex (Ajmal et al., 2014), though its 

efficiency to remove toxic textile dyes from textile wastewater is very high. When the 

UV-Vis radiation is applied, the photoelectron is promoted from the filled valence 

band of TiO2 to the empty conduction band. Then, the excitation process leaves a 

photo generated hole (h
+
)

 
on the valance bond. Holes and electrons can migrate to the 

surface of TiO2 particles and serve as redox sources that react with adsorbed reactants 

such as H2O, O2 and dye molecules, leading to the formation of superoxide radical 

anions, hydrogen peroxide and hydroxyl radicals that can oxidize the dye molecules.  

There are many factors affecting TiO2 catalysed photo degradation processes, such as 

initial load of the sample, amount of catalyst or temperature. pH of the solution has 

also a complex effect on photocatalytic oxidation rates (Ajmal et al., 2014; 

Stasinakis, 2008; Shin et al., 2015).  Reaction rates are generally different if the 

molecule of colorant is in its acidic or alkaline form.  

 

The evolution of dye concentration as a function of reaction time is usually evaluated 

by UV-Vis adsorption, since as reaction proceeds; the colour of the sample 

disappears. However, discolouration does not mean complete degradation. Dyes 

generally are formed by chemically stable moieties (aromatic rings). Some fragments 

obtained from incomplete degradation can still be toxic and they may not absorb 

within the visible range. As a result, the absence of colour is not a good criterion to 

consider the treated water free of pollutants. In order to ensure the efficiency of the 

wastewater treatment it is therefore necessary to design a method to determine the 

progress of the reaction and to analyse the intermediates formed. Such method must 

be easy, non-expensive and rapid enough to allow a real-time monitoring. 

Chromatography coupled with mass spectrometry has been proved to be a powerful 

technique to determine the intermediates during photocatalytic degradation of 

different dyes (Baiocchi et al., 2002; Dai et al., 2007; Bansal et al., 2010; Fernández 

et al., 2011) but these techniques are time consuming and samples usually require 

pre-treatment. A quicker and easier approach  to record UV-Vis spectra and resolve 

the intermediates is using chemometric methods such as multivariate curve 

resolution-alternating least-squares (MCR-ALS), and evolving factor analysis (EFA) 

(Fernández et al., 2011; Fernández et al., 2012; Fernández et al., 2013). 
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MCR-ALS has been successfully applied to study the photocatalytic degradation of 

model dyes and mixtures. It has allowed example to resolve the time evolution of 

different intermediates during degradation of Acid Yellow 9 (Fernández et al., 2011) 

and the effect of several factors on the degradation kinetics (Fernández et al., 2012). 

However, reports about application of such methods in real wastewaters are scarce. In 

this paper, MCR-ALS treatment was applied to UV-Vis spectra to study the 

efficiency and reaction path of two TiO2-based catalysts in two different pH media 

for the photo degradation of Methyl Orange (MO) and wastewaters from a textile 

industry in Ethiopia.  

 

Materials and Methods 
 
Textile wastewater (collected from Akaki and Sebeta) and methyl Orange (reagent 

grade, BDH Chemicals Limited, Poole, England) were used as a dye sample. 

Commercial nano-size TiO2 and TiO2 supported on zeolite were used as catalysts for 

the photocatalytic reaction. Solutions of 0.1 M H2SO4 and 0.1 M NaOH were used to 

adjust the pH. TiO2 supported on zeolite (8.5% TiO2) catalyst was prepared in our 

laboratory by suspending the zeolite in a solution of titanium (IV) but oxide dissolved 

in a mixture of 2-propanol and water with volume ratio of 1:10:2 (Ti(OBut)4 : 

CH3CHOHCH3 : H2O) then calcined in air at 400 ºC for 3 h (Guesh et al., 2016).  

 

The batch reactor is a cylindrical vessel made of quartz glass with a capacity of 0.75 

litres. A magnetic stirrer continuously stirs it and it has an outlet to sample the 

reacting mixture and to purge the oxygen flow. The source of light is a 150 W UV 

lamp (Heraeus medium pressure mercury lamp) that is surrounded by a cooling jacket 

by water recirculation. The lamp and jacket are immersed into the reacting solution. 

A solution of 20 mg/L of Methyl Orange (MO) was initially prepared and adjusted to 

a value of pH such that upon addition of catalyst the final pH was either 3 or 6. MO 

has a transition pH interval of 3.1-4.4 so pH was chosen to explore the reactivity of 

MO in acidic and basic forms.  

 

In a typical experiment, 0.045 g of TiO2 was suspended into 750 mL of MO solution 

in the reactor. When TiO2/Zeo was used, 0.5 g was added instead in order to keep 

constant the amount of active TiO2. A small flow of O2 was bubbled into the solution. 

The suspension was stirred for 30 min before irradiation was applied in order to let 

any adsorption process to occur. The first sample was taken immediately before the 

lamp was immersed and then at different time intervals. For each measurement, the 

volume of the sample taken was 10 ml. The withdrawn samples were centrifuged for 

20 min and the supernatant was carefully separated from the precipitate. The UV-Vis 

spectra were then recorded using a Perkin-Elmer spectrum 65 UV/Vis/NIR double 

beam spectrophotometer using 1 cm path-length quartz cells.  

 

The method described by Guesh et al., (2016) was followed for the degradation 

experiments of wastewaters; however, it was found difficult to determine the 

concentration since the composition of the water was not known. Total organic 

carbon for the starting wastewater had been previously determined as 34.2 mg/L 
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(Guesh et al., 2016). The statistical treatment was done by MCR-ALS algorithm 

using MATLAB 7.8. From the singular value decomposition data, the number of 

significant components was set to 4. The data matrix D (m×573) was constructed 

with columns representing absorbance between 228 and 400 nm inclusive. Rows 

correspond to spectra at the different time intervals (m). MCR-ALS consists on 

decomposing the matrix D as:  
D = C·S

T
 + E (1) 

Matrix S (573×4) contains information about the spectra profiles, i.e. for each 

component. C (m ×4) is the profile of concentration that is the concentration of each 

component in every sample taken at different times. Equation 1 is resolved iteratively 

to minimize the residual matrix E. Initial estimation for C was taken as the EFA 

profiles. The MCR-ALS algorithm was applied constrained to non-negativity for the 

concentration and spectral profiles. For reactions of wastewater, the number of 

components resolved was three.  

 

Results and Discussion 
 
Degradation of methyl orange 
Discolouration of MO during the photo catalysis process using TiO2 catalyst was 

effectively performed within the first hour, since the solution had lost a significant 

intensity of orange colour. Figure 1 shows the UV-Vis spectra of MO degradation at 

different times of reaction using TiO2 at pH = 3 and 6 and TiO2/Zeo at pH = 3. The 

characteristic absorption peak intensity for the sample decreases with increasing 

reaction time. After 240 min of UV irradiation, the absorption peak is totally 

removed when pure TiO2 is used as catalyst. However, when using TiO2/Zeo the 

decrease of the intensity for the UV-Vis spectra is slower than when using pure TiO2 

catalyst. It must be taken into account that the absorbance at t = 0 min is significantly 

lower when using the supported catalyst. That is because the zeolite is a porous 

structure with a high surface area. Then, it adsorbs part of the MO within its structure 

decreasing its concentration in solution (Guesh et al., 2016).  



 

229 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 1. UV-Vis spectra for the photocatalytic degradation 
of 20 mg/L MO solution at a) pH = 3 with commercial 
TiO2 catalyst, b) pH = 6 with commercial TiO2 
catalyst, c) pH = 3 with TiO2 supported on zeolite 
catalyst. 
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Figure 2 to 4 show the concentration and spectral profiles for the species involved in 

MO photo degradation resolved by MCR-ALS. They display the typical behaviour of 

a reaction in different steps. Concentration of MO (black lines) decreases while 

several intermediate compounds appear at different times and degrade at different 

rates. Intermediate 1 and Intermediate 2 (red and blue lines, respectively) appear at 

shorter times, followed by Intermediate 3 (green line) that appears at a longer time. 

Spectrum of intermediate 1 has a similar shape than MO with their maxima in the 

visible region but shifted to lower wavelengths. Intermediate one then will contribute 

to the colour of the sample. Intermediates 2 and 3 absorb mainly in the region of UV.  

 

  a) 

 

 

b) 

 

Figure 2. Profiles of the chemical species involved in the photooxidative degradation of MO at pH = 3 using TiO2 catalyst 
obtained by MCR-ALS, a) concentration profile and b) spectral profile. 

 

a) 

 

b) 

 

 
Figure 3. Profiles of the chemical species involved in the photooxidative degradation of MO at pH = 6 using TiO2 catalyst 
obtained by MCR-ALS. a) Concentration profile and b) spectral profile. 
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a) 

 

b) 

 

Figure 4. Profiles of the chemical species involved in the photooxidative degradation of MO at pH = 3 using 
TiO2 supported on zeolite as catalyst obtained by MCR-ALS. a) concentration profile and b) spectral 
profile 

 

However, some differences are observed depending on the reaction conditions. 

Spectral profiles for Intermediate 1 at pH = 6 show absorbance at lower wavelengths 

than pH = 3 indicating that photo degradation 3 follows a different path because the 

reactant and the first intermediate have different structures. Spectral profiles for 

Intermediate 2 show also significant differences, at pH = 6 it absorbs preferentially in 

the UV region.  

 

From the concentration profile, the degradation process was completed within shorter 

time when using TiO2 catalyst than TiO2 supported on zeolite (Figure 4). The 

concentration profile for MO does not disappear until 300 min when using TiO2/Zeo 

while concentration of Intermediates 1 to 3 gradually increases with time. It seems 

that the reaction time was not sufficient to start degrading them since their 

concentration stay at low values.  

 

The results obtained in this work agreed with other reports found in literatures. GC-

MS analysis of the photo degradation of MO (Baiocchi et al., 2002; Dai et al., 2007) 

showed that in the first steps, oxidation intermediates similar to MO and is detected 

and they absorb UV-Vis at lower wavelenghths. These intermediates are originated 

from two possible mechanisms: demethylation of the -N (CH3)2 moiety of MO and 

OH attack to an aromatic ring. If the MO is originally in its red form (pH > 4.4), 

quinonoid intermediates are also possible (Dai et al., 2007). Three intermediates from 

the photo degradation of Acid Yellow 9 were also detected by UV-Vis and MCR-

ALS statistical treatment and their concentration and spectral profiles follow 

behaviour similar to those in this work (Fernández et al., 2011). According to them 
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Acid Yellow 9 is oxidized to an intermediate of similar structure that is subsequently 

split into two smaller aromatic compounds (fragments from the breaking of the azo 

bond). The same seems to be happening in our case. Intermediate 1 seems to be a 

molecule that has a similar structure than the starting reactant. Intermediates 2 and 3, 

however have a UV-Vis profile significantly different to MO, which may indicate 

fragments that keep a certain degree of aromaticity but with very different structure 

(Fernández et al., 2011). 

 
Degradation of wastewater 
Photocatalytic degradation of a wastewater from a textile industry in Ethiopia using 

TiO2 and TiO2/Zeo was reported previously (Guesh et al., 2016). Discolouration of 

wastewaters was evaluated by monitoring the maximum in the UV-Vis spectra. In 

this work, the spectra was analysed in more detail by applying MCR-ALS algorithm. 

UV-Vis spectra of the reacting mixture at different times using TiO2 and TiO2/Zeo 

are shown in Figure 5a and 6a, respectively. A MCR-ALS treatment was done to 

these spectra to resolve them into different intermediates. Figures 5b and 6b show the 

corresponding concentration profiles. Again, the behaviour is typical of a reaction in 

different stages as the degradation of MO. Wastewater concentration (black line) 

decreases quickly with time while a first intermediate appears (red line) in the first 

minutes of the reaction that starts to decrease again after 240 min of reaction, 

presumably to a second intermediate (blue line).  

 

The concentration profiles obtained when using TiO2 supported in zeolite as catalyst 

show a very similar profile but the first stage (MO  Intermediate 1) seems to be 

slightly slower whereas the second stage (Intermediate 1  Intermediate 2) goes 

faster.  

 

a) 

 

b) 

  

 
Figure 5. a) UV-Vis spectra for the photocatalytic 

degradation of real wastewater using TiO2.  
 b) Concentration profile of   the components resolved by MCR-ALS. 
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          a) 

 

  
 

b)  

 

Figure 6. a) UV-Vis spectra for the photocatalytic 
degradation of  real wastewater using TiO2/Zeo.  
b) Concentration profile of the components resolved by MCR-ALS.  

 

These results show that it is possible to analyse the progress of a degradation reaction 

of wastewaters using a UV-Vis spectrophotometry data coupled to MCR-ALS 

statistical treatment. Since all spectroscopic instruments like H
1
-NMR, C

13
-NMR, IR, 

MS and UV-Vis has to be applied to study the type and intensities of each 

intermediates formed during photocatalytic degradation process, this can be 

simplified by chemometrics methods which only UV-Vis data is required and MCR-

ALS statistical tool can be used to resolve the intermediates. The fact that this 

procedure is quick and inexpensive opens new possibilities for real-time 

monetarization in photocatalytic degradation of wastewater coming from textile 

industries. 

 
Kinetic study 
Monitoring the absorbance at the maximum of the peak is not a rigorous method to 

study the kinetics of any degradation because the spectra measured consists of a 

mixture of intermediates including the starting reactant; these intermediates may 

absorb at similar wavelengths and bias the absorbance value for the reactant. 

However, once the contribution of the different components to the UV-Vis spectra 

has been resolved, it is possible to carry out a rigorous study of the kinetics of 

reaction for the photo degradation of MO. The evolution of the concentration of MO 

with respect to time can be obtained from the concentration profiles obtained by 

MCR-ALS; assuming the absorbance at t = 0 corresponds to 20 mg/L for the 

reactions using pure TiO2.  
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For the first stage (MO  Intermediate), since there are no other reactants involved 

and the rest of the parameters that can affect the reaction (irradiation, catalyst 

concentration, etc) do not vary, the MO degradation can be postulated to follow a 

general pseudo n-degree kinetics equation:  

n

MOn
MO Ck

dt

dC
    (2) 

Plots of ln CMO vs t followed a linear trend so the order of the kinetics was n = 1 for 

the three MO degradations. Figure 7 shows the MO concentration obtained from the 

concentration profiles of MCR-ALS and the fitting to a 1
st
 order kinetics equation by 

using the data obtained for Figure 1. For the degradation of wastewater, the 

concentration of the dye cannot be determined in absolute units but k1 can be 

obtained from concentration in arbitrary units by fitting lnC/C0 vs t. The calculated 

kinetic constants are shown in Table 1.   

 
                                               Table 1: Rate constants for the degradation of MO and wastewater. 
 

Reactant Catalyst pH k1 (min-1) 

MO TiO2 3 0.0375 

MO TiO2 6 0.0196 

MO TiO2/Zeo 3 0.0052 

Wastewater TiO2 n.m. 0.0068 

Wastewater TiO2/Zeo n.m. 0.0062 

 

 

Figure7: Kinetics for the photodegradation of MO using (––): TiO2 at pH = 3; (–

–): TiO2 at pH = 6; (––): TiO2/Zeo at pH = 3 from the data used for 
Figure 1.  
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The kinetic constant for the degradation of wastewater using supported catalyst is 

slightly lower than using TiO2, unlike what it is observed if only absorbance is 

monitored (Guesh et al., 2016). This is consistent to the concentration profile shown 

in Figure 6 where the concentration of Intermediate 1 is significantly lower when 

using TiO2/Zeo and this intermediate also absorbs in UV-Vis. The reaction for the 

step MO  Intermediate 1 at pH = 3 is faster as shown in Table 1. Comparing the 

reaction of degradation of MO at pH = 3 using different catalysts the supported 

catalyst degrades MO slower that the neat TiO2. One must take into account however; 

there is a first stage of adsorption that decreases significantly the initial concentration 

of MO. Also the equilibrium of adsorption or desorption of MO onto zeolite may 

affect the speed of reaction. Degradation of wastewater is generally slower than 

degradation of MO; probably the dyes in the wastewater are more stable to photo 

degradation than MO. In addition, the wastewater contains mixtures of different dyes, 

the efficiency of the degradation depends on the type and structure of the dye 

material and each type of dye may have its optimized pH value. 

 
Conclusion 

 
Photocatalytic degradation of textile wastewater using TiO2 was effective at the 

optimized pH by applying UV irradiation to pass through the sample. Multivariate 

curve resolution-alternating least squares method (MCR-ALS) was successfully 

applied to resolve the intermediates of the photocatalytic degradation of methyl 

orange and real wastewaters of a textile industry in Ethiopia using TiO2 and TiO2 

supported on zeolite as catalysts. pH values of 3 and 6 were evaluated for 

comparison. The concentration profiles are typical of a reaction in steps. For the MO 

degradation, the spectral profiles suggest that the first step yields an intermediate 

with a similar structure than MO followed by intermediates with a certain degree of 

aromaticity but much less coloured. Probably fragments from breaking the azo bond. 

The photo degradation follows a different mechanism depending on the pH. A kinetic 

study was done from the concentration profile of the reactants. All the reactions 

followed pseudo 1
st
 order kinetics. Reactions using TiO2/Zeo are generally slower but 

the zeolite support contributes with an adsorption/desorption mechanism while TiO2 

catalyst gives an enhanced photocatalytice activity.  
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Abstract 
 
In this study, crop based NIRS calibration of proximate composition analysiswas, 

therefore, validated for soybean, wheat and maize, aiming at routine application of the 

model for screening materials at different stages of breeding. Results of the study 

showed that the coefficient of determination (R
2

V) ranged between 0.72 and 0.98, which 

indicated that there was a good relationship between measured and NIR predicated 

values, and standard error of prediction (SEP) was between 0.04 and 0.59, showing the 

robustness of NIRS calibrations. Except for crude fat in maize, which was less than 2, 

all relative percent deviation (RPD) values for other parameters ranged between 2.26 – 

6.31, indicating higher performance of the equations for routine laboratory analysis. 

Therefore, these findings suggest that NIRS can be used in crop improvement programs 

and food formulation research to quickly and cheaply estimate nutritional composition 

of the tested crops. 

 
Introduction 
 
Knowing the nutritional compositionof food grains, such as wheat, maize and 

soybean is important, since nutrient content is a major quality criterea for selection of 

crop genotypes (Prasad et al., 2016).  

 

Conventionally,nutritional compositions, like protein and fat contents, of grain and 

other plant parts are analyzed by Kjeldhal and soxhlet methods, respectively, which 

are complex, labor intensive, chemical consuming and generally expensive. In 

contrast, NIRS (Near-infrared reflectance spectroscopy) is safe, non-destructive, 

efficient, and economical and environment friendly. It can be used for simultaneous 

determination of multiple traits from a single scan and is, therefore, ideal for rapid 

but comprehensive evaluation of nutritional quality of plant materials. The 

application of NIRS technique for the quantitative analysis of nutritional composition 

of food grainsis nowadays widely accepted in crop improvement programs to reduce 

the use of laborious and more resource demanding conventional laboratory analytical 

methods (Prasad et al., 2003). 
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NIRS is a secondary technique that combines spectroscopy and mathematics to 

rapidly produce indirect, quantitative estimates of concentrations of OH-, NH-, CH-, 

or SH-containing compounds(Rosales bet al., 2011).Even though NIRS method is 

simple, fast and less costly for routine laboratory analysis, the initial investment to 

develop a calibration model is high. Therefore, the common strategy would be to use 

global plant-based calibration developed By a Company with reliable NIRS database 

for various cereals, pulse and oil crops and bakery products (Foss AN52, 2011. 

 

The calibration models contain a mixture of data from ground and unground grain 

samples over a wide range of concentration, which could be used for the 

determination of six parameters (fat, moisture, protein, crude fiber, ash and starch). 

However, before directly using these calibration models, there is a need to validate 

and check their suitability and performance to predict biochemical constituents in our 

materials (Foss AN52, 2011). Therefore, the objective of this study was to evaluate 

and validate global plant-based calibration for the determination of nutritional 

composition of soybean, maize and wheat for routine use of NIRS in laboratory 

analysis. 

 

Materials and Methods 
 
Plant material and sample preparation 
Grain samples of 20 - 50 genotypes of each commodity were collected from the 

active breeding programs at Melkassa, Ambo, Bako, Pawe, and Kulumsa Agricultural 

Research Centers (for maize, soybean and wheat, respectively) and used for the 

validation of NIRS calibrations. The samples were selected in a way that would cover 

the range of concentration of the analytic of interest 50 - 100 seeds of each crop were 

ground using cyclone mill with 1 mm sieve (1094 cyclotec, FOSS). A sub-sample of 

the flour obtained from each sample was analyzed with reference analysis methods 

and the remaining was used for NIRS analysis.  

 
Near infrared reflectance spectroscopy analysis  
Ground samples were scanned in duplicate by NIRS spectrophotometer (FOSS NIR 

System, spinning model) using small ring cups with Foss Plant-based feed ingredient 

calibrations based on spectra from 400 – 2500 mm. Then, the predicted values for ash 

(%), moisture (%), crude fat (%) and crude protein (%) were recorded for external 

validation. 
 

Chemical analysis to obtain the reference values 
All the chemical analyses were done using Association of official Analytical Chemist 

(AOAC 2000) methods. Determination of protein content was done using Kjeldhal 

method (%) N multiplied by 6.25). Moisture content was determined using oven 

drying method and total ash was determined using furnace at 550 
0
C. Crude fat 

content was determined using soxtec extraction system (Soxtec 8000, Foss). 
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Mathematical procedures for validation 
Independent validation of NIRS calibration involves determination and evaluation of 

coefficient of determination of validation sets (R
2
v), which is the fraction of variance 

of the reference values explained by the variance of NIRS determinations and 

standard error of prediction (SEP), which is standard deviation (SD) between NIRS 

and reference determinations for validation sets, and RPD (relative performance 

deviation). This is the ratio of SD of the reference determinations to SEP (Rosales et 

al., 2011). 

 

Accordingly, the SEP and R
2
v were calculated for the validation set. In addition, the 

ratio of SD to SEP was determined, as the quality and robustness of a NIRS 

calibration can be judged by the SEP and SD to SEP ratio (RPD less than 2 indicates 

an unsuitable calibration, between 2 and 3 is satisfactory for screening purpose. In 

addition, above 3 is assumed suitable for routine laboratory analysis (Rosaleset al., 

2011).  

 

Results and Discussion 
 
Maize 
The result showed that R

2
V value of validation ranged between 0.72 – 0.98, which 

indicate that there is a good relationship between measured and NIRS predicated 

values, as R
2

V greater than 0.6 is acceptable. The SEP value was between 0.04 – 0.59, 

showing the robustness of NIRS equation for predicting proximate composition of 

maize. Except for crude fat, which was less than 2, all RPD values ranged between 

2.26 – 6.31, indicating higher performance of the equations (as RPD value of 2.0 – 

3.0 considered to be appropriate for screening and greater than 3 very satisfactory)for 

routine laboratoryanalysis in crop improvement programs (Rosales et al., 2011).  

 
Table 2: Mean and range of reference values (%) and external validation statistics for CP, CF, MC and TA 

Contents in Maize grains. 
 

Parameter N Range (%) Mean (%) SD R2
V SEP SD/SEP 

Crude protein (CP) 30 7.8 – 11.28 10.17 0.85 0.87 0.31 2.70 

Crude fat (CF) 20 3.65 – 5.46 3.74 0.48 0.72 0.26 1.82 

Moisturecontent (MC) 40 9.53 – 12.98 10.96 0.97 0.98 0.15 6.31 

Total ash (TA) 26 0.73 – 1.23 1.08 0.14 0.90 0.04 3.17 

SD: standard deviation, R2
V: coefficient of determination of validation sets, SEP: standard error 

of prediction, SD/SEP: SD to SEP ratio 
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Figuer 1 : Comparision of reference analysis values and NIR pridiction 
(a) crude protein, (b)crude fiber (c) moisture content and (d) 
total ash content in maize 

 
Soybean 
The R

2
V value of validation was 0.86 for both crude protein and oil contents of 

soybean, which indicates that there is a good relationship between measured and 

NIRS predicated values, (as R
2
V> 0.6 is considered acceptable). The SEP value for oil 

was 0.59 and for protein was 1.09, showing the robustness of NIRS equations for 
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predicting crude protein and oil contents of the crop. In addition, RPD values were 

2.27 and 2.57 for protein and oil contents respectively, indicating higher performance 

of the equations (as RPD values of 2.0 – 3.0 are acceptable and > 3 Very satisfactory) 

for routine laboratoryanalysis in screening soybean genotypes based on oil and 

protein contents (Rosales et al., 2011). 

 
Table 3: Range and mean reference values (%) and external validation statistics for crude protein  and oil 

contents in soybean grain. 
 

Parameter N Range (%) Mean (%) SD R2
V SEP SD/SEP 

Crude protein 25 31.27 - 41.80 36.35 2.48 0.86 1.09 2.27 

Oil (on dry 
matter basis) 

22 17.89 - 23.63 20.78 1.51 0.86 0.59 2.57 

SD: standard deviation, R2
V: coefficient of determination of validation sets, SEP: standard error of prediction 
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 Figuer 2 : Comparision of reference analysis values and NIRS 

pridiction for: (a) crude protein and (b) oil content of 
soybean 

 
Wheat 
R

2
V values of validation for wheat crude protein and ash content were 0.96 and 0.86, 

respectivelly.This result indicates that there is a good relationship between measured 

and NIRS predicated values, (where R
2
V values >0.6 are considered acceptable). The 

SEP for protein was 0.32 and for ash was 0.06, showing the robustness of NIRS 

equation. The RPD values were 5.05 and 2.26 for protein and ash content, 

respectively, indicating satisfactory performance of the equations (RPD values of 2.0 

– 3.0 are acceptable and > 3 considered very satisfactory) for routine laboratory 

analysis in screening wheat lines for different end uses, such as pasta and bread. 

 
 Table 4: Range and mean reference values (%) and external validation statistics forcrude protein (CP) and 

total ash(TA) contents ofwheat grains 
 

Parameter N Range Mean SD R2
V SEP SD/SEP 

Crude protein (CP) 36 8.64 – 14.34 11.47 1.64 0.96 0.32 5.05 

Total ash (TA) 27 1.10 – 1.58 1.35 0.13 0.86 0.06 2.26 

SD: standard deviation, R2
V: coefficient of determination of validation sets, SEP: standard error of prediction 
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Figuer 3 : Comparision of reference analysis values and NIR 
pridiction for : (a) crude protein and (b) total ash content 
of wheat grains 

 

Conclusion 
 
Performance of the calibration models in predicting validation sets was evaluated 

using mathematical procedures for each crop and parameter. Accordingly, the values 

of R
2

V, SEP and RPD fell in acceptable ranges and showed the existence of a close 

agreement between the measured and NIRS blind-predicted values of selected 

parameters of soybean, maize and wheat. Therefore, these findings suggest that NIRS 

can be used in crop improvement programs and food formulation research to quickly 

and cheaply estimate nutritional composition of the tested crops. 
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Abstract 
 

With the development of QPM in recent years, which has approximately twice 

tryptophan (Trp) and lysine (Lys) concentrations compared to normal maize, it is 

believed that the problem of protein deficiency in maize would be considerably 

alleviated, if the concentration of both amino acids is regularly monitored in the 

breeding program as their biosynthesis is controlled by several factors. However, the 

conventional analytical method (wet chemistry) of determination of Trp and Lys 

concentration in maize grains would definitely requires chemical and reagents and take 

longer time. The objective of this study was, therefore, to evaluate the effectiveness and 

efficiency of Near–Infrared Reflectance Spectroscopy (NIRS) method in determining 

tryptophan content of QPM, which would help to enhance the QPM breeding program 

by partially replacing more expensive and time-consuming wet chemistry method of 

analysis. Grain samples of two hundred sixty-eight maize genotypes were used to 

develop NIRS models for Tryptophan content. Standard error (SE) and coefficient of 

determination for the calibration were found to be 0.007 and 0.76, respectively. When 

the NIRS model was subjected to external validation with 40 S2 maize lines from QPM 

breeding population, the standard error of prediction (SEP) for validation and 

coefficient of determination between data generated by NIRS and the wet chemistry 

method were found to be 0.008 and 0.84, respectively.  
 
Introduction 
  
Maize is among the major cereals produced and consumed in Ethiopia. The crop 

grows in various agro-ecologies of the country and, thus, its breeding program has 

been focused on increasing stability and yield potential regardless of its nutritional 

quality under different abiotic and biotic stress conditions. However, in the past few 

years, attempt has been made in bio-fortification programs to increase the nutritional 

quality of maize for human and animal consumption (Montes et al., 2006). Quality 

protein maize (QPM) is a type of maize with pronounced amounts of two essential 

amino acids, lysine (Lys) and tryptophan (Trp), and provides increased nutritional 

value for protein-deficient populations who depend upon maize as a staple food 

(Aldo et al., 2011). 

 

It has been reported that multiple genes control and modify the protein quality of 

QPM (Gibbon and Larkins, 2005) and, hence, Trp and/or Lys monitoring is required 

to ensure and maximize genetic gain in the breeding programs (Krivaneket al., 2007). 
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Most QPM breeding programs routinely monitor Trp and/or Lys concentrations in 

protein by colorimetric methods or high-performance liquid chromatography (HPLC) 

(Nuritet al., 2009). Although the colorimetric method is less complex than HPLC, it 

requires more than 20hr to complete analysis because of overnight digestion 

procedures (Nuritet al., 2009). These chemical analysis methods have limitations, 

including costs, time, and method robustness (Aldo et al., 2011). 

 

On the other hand, Near-Infrared Reflectance Spectroscopy (NIRS) is a technique 

that combines spectroscopy and mathematics to produce rapidly indirect and 

quantitative estimates of concentrations of OH-, NH-, CH- or SH-containing 

compounds. In comparison to wet chemistry procedures, NIRS requires none or 

simple sample preparation methods and is a rapid and relatively inexpensive 

technique that facilitates the analysis of several traits simultaneously(Melchinger et 

al.,1986), where spectral data are correlated with values of biochemical components 

obtained by standard methods. However, NIRS is an indirect method that requires 

development and validation of calibrations by analysis of a large number of samples 

covering the range of variability for each trait and with uniform distribution between 

extreme values (Shenk and Westerhaus, 1991). 

 

Aldo et al., (2011) have developed NIRS calibrations for protein, lysine and 

tryptophan contents using 276, 756 and 424 maize samples, respectively, collected 

from mid altitudes and tropical environments of Africa and Mexico, and the results 

showed that NIRS data were accurate enough to screen QPM genotypes from normal 

maize population in the breeding program. Even though both lysine and tryptophan 

concentrations increase in QPM materials, only tryptophan is analyzed on a routine 

basis, as of both amino acid values are highly correlated (Vivek et al., 2008).  

 

Breeding programs devoted in developing QPM materials are being implemented in 

Ethiopia, and these programs require robust, fast, and inexpensive laboratory 

methods to screen the materials from normal maize population. To this end, 

currently, the colorimetric method is widely used and no NIRS model developed yet 

for the determination of Trp content for screening of QPM materials in Ethiopia.  

 

The objective of this work was therefore, to develop and validate NIRS models for 

Tryptophan content based on samples collected from low moisture stress, mid 

altitude and high land QPM breeding programs in the country. 

 

Materials and Methods 

Sample collection and preparation 
Grain samples of 268 maize genotypes, consisting of 38 from low moisture stress 

area (Melkasa Agricultural Research Center). 137 from mid altitude (Bako 

Agricultural Research Center) and 63 from high land (Ambo Agricultural Research 

Center) areas were harvested in 2015 and 30 samples with high, medium and low 

tryptophan content were collected from Maize Nutrition Quality Laboratory (MNQL) 
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of CIMMYT in Mexico and used for the development of NIRS calibration. Besides, 

40 samples were also selected for external validation of the developed calibration, 

making the total number of samples in the trial 308. Each sample was split in to two 

and each half was sent to MNQL for wet chemistry analysis, while the remaining 

halves were milled using cyclone mill (Tecatorcyclotec, Foss) with 1 mm sieve and 

stored in glass cup for NIRS analysis. 

 
NIRS analysis 
Two to three grams of each milled sample was scanned by NIRS monochromatic 

model FOSS 6500 (FOSS NIRSystems, Inc., Silver Spring, Denmark) using small 

ring cups (internal diameter of 35 mm and depth of 8 mm). Spectra were collected 

between 400 and 2500 nm, registering log of the absorbance values (1/R) at two nm 

intervals for each sample. 

 
Wet chemistry analysis 
Tryptophan content of the samples was determined at MNQL using colorimetric 

method as described by Nurit et al. (2009). Ten samples were included as an internal 

standard to verify the accuracy of the method.  

 
Mathematical procedures for calibrations and validation 
Calibrations were performed using a modified partial least squares (MPLS) 

regression of Win ISI (FOSS). Calibration statistics included the following 

parameters: standard deviation of the population (SD), coefficient of determination 

(R
2
), standard error of calibration (SEC),and standard error of cross-validation 

(SECV).  For validation, standard error of prediction (SEP) and coefficient of 

determination of validation (R
2
v) (the fraction of the variance of the reference values 

explained by the variance of NIRS determinations) were calculated. In addition, the 

ratio of SD to SEP was determined, as the quality and robustness of a NIRS 

calibration can also be judged by the SEP and SD/ SEP; where SD/SEP ratio less 

than 2 indicates an unsuitable calibration (Montes et al., 2006). 

 

Results and Discussion 
 
Reference analysis and sample distribution 
Results of the reference analysis showed that the standard error for laboratory value 

was found to be 0.004. Reference values for samples in the calibration set were 

distributed over a range of 0.02 – 0.12 %. This is so because both normal and QPM 

maize samples were included in the analysis, as QPM has more than 0.07% Trp 

(Aldo et al., 2011). 

 
NIRS calibration development 
Twenty calibrations (Cal) were developed using modified partial least squares 

(MPLS) regression, cross-validation techniques, different data pre-treatment and 

spectra transformation and of which those three with better calibration statistics were 

selected for independent validation.  
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NIRS calibration equations, developed on the basis of 242, 236 and 240 samples for 

Cal 1, Cal 2 and Cal 3, respectively, had high coefficients of determination for 

calibration (R
2
c = 0.72 - 0.76) and slightly lower coefficients of determination for 

cross-validation (R
2
cv = 0.65 - 0.69) (Table 1). 

 
         Table 1: Reference Values, NIRS Calibration, and Cross-Validation Statistics for Trp, in the Calibration Set of Maize 

 

Calibrations N Range Mean SD R2c SEC R2cv SECV 

Cal 1 242 0.02 - 0.10 0.060 0.015 0.76 0.007 0.68 0.0084 

Cal 2 236 0.02 - 0.11 0.060 0.015 0.74 0.007 0.69 0.0087 

Cal 3 240 0.02 - 0.12 0.061 0.015 0.72 0.008 0.65 0.0090 

SD = standard deviation. R2c = coefficient of determination in calibration. SEC = standard error of calibration.  R2 
cv = coefficient of determination in cross-validation.SECV = standard error of cross-validation. 

 
Besides, the difference between R

2
c and R

2
cv was also minor, indicating that the 

calibrations were homogeneous (Aldo et al., 2011). The values of SEC and SECV 

were small and comparable with the standard error of the reference method that was 

0.004. These results were in agreement with the result obtained by Aldo et al.(2011) 

at CIMMYT Maize Nutrition Quality Laboratory in Mexico.  

 
External/independent validation 
An independent validation of the calibrations was carried out for Cal 1, Cal 2 and Cal 

3 using 40 samples from the high land and mid altitude QPM breeding programs. The 

coefficients of determination for independent validation (R
2
 v) were larger than 

measured for the cross-validations (Table 2). Except for Cal 1, which was 1.9, the 

SD/SEP ratio for Cal 2 and Cal 3 were 2.25 and 2.3, respectively, indicating that the 

calibration is satisfactory as it falls within the range of 2 - 3. Hence, both SD/SEP 

ratio and R
2
v value for Cal 2 show that reliable selection of maize genotypes through 

determination of tryptophan content is possible by NIRS method. 
 

      Table 2: External Validation Statistics of the NIRS Calibrations for Trp Contents in Maize 

 

Calibration N Range Mean SD R2V SEP SD/SEP 

Cal 1 40 0.033 - 0.098 0.062 0.019 0.789 0.010 1.9 

Cal 2 40 0.033 - 0.098 0.062 0.018 0.830 0.008 2.3 

Cal 3 40 0.033 - 0.098 0.062 0.018 0.790 0.008 2.3 

SD = standard deviation. R2 v = coefficient of determination in validation. SEP = standard error of 
prediction. 

 

The ratio of SD to SEP for validation of the calibration was 2.3, which is in 

agreement with the result reported by Aldo et al. (2011). Samples used to develop the 

calibrations included a wide range of materials from low land, mid-altitude and high 

land areas to ensure broad applicability of the NIRS models. Therefore, these 

calibrations seem quite reliable and applicable for diverse maize genotypes grown 

under different agro-ecology.  
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Conclusion 
  
Overall performances of the developed calibrations for determination of tryptophan 

content of maize grains indicated that NIRS method could be confidently used and 

provide a fast and simple option for screening of thousands of samples in each 

breeding cycle. Besides, it appears to be cheaper and cost effective, as extractions and 

chemical reactions are not required in the process as the case with wet chemistry 

method. However, it is recommended to verify the accuracy of extreme values by 

chemical analysis, especially for very advanced breeding materials. 

 

References 
 
Aldo R,G Luis, O Ezequiel, I Catalina, and P Natalia.2011. Near-Infrared Reflectance 

Spectroscopy (NIRS) for Protein, Tryptophan, and Lysine Evaluation in Quality Protein 

Maize (QPM) Breeding Programs. J. Agric. Food Chem., 59, 10781– 10786. 

Gibbon B and B Larkins.2005. Molecular genetics approaches to developing quality protein 

maize. Trends Genet. 21, 227–233. 

Krivanek AF,H De Groote, N Gunaratna, A Diallo, and D Friesen.2007. Breeding and 

disseminating quality protein maize (QPM) for Africa. Afr. J.  Biotechnol., 6. 312–

324. 

Montes J, H Utz, W Schipprack, B Kusterer, J Muminovic, C Paul, and AE Melchinger. 

2006. Near- infrared spectroscopy on combine harvesters to measure maize grain dry 

matter content and quality parameters. Plant Breed. 125, 591–595. 

Melchinger AE, G Schmidt, and H Geiger.1986. Evaluation of near infra-red reflectance 

spectroscopy for predicting grain and stover quality traits in Maize. Plant Breed.  97. 

20–29. 

Nurit E, A Tiessen, K Pixley,and N Palacios-Rojas.2009.  A reliable and inexpensive 

colorimetric method for determining protein-bound tryptophan in maize kernels. 

J.Agric. Food Chem. 57. 7233–7238. 

Shenk J and M Westerhaus.1991. Population definition, selection, and calibration 

procedures for near infrared reflectance spectroscopy. Crop Sci. 31. 469–474. 

Vivek B, A Krivanek, N Palacios-Rojas, S Twumasi-Afriyie, and  A Diallo.2008. Breeding 

Quality Protein Maize (QPM): Protocols for Developing QPM Cultivars. Mexico, D.F.: 

CIMMYT. pp.105. 

 

  



 

250 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
  

 



 

251 

 

                                                                                                                                                        
 

 

 

 

 


