
 
 

i

Characterization and bio-evaluation of some indigenous        
legume protein isolates for complementary foods 

 

By 

 

 

Mir Muhammad Nasir Qayyum 

            M.Sc. (Hons.) Food Technology 

 

A thesis submitted in partial fulfillment of the requirements for the degree of 

 

DOCTOR OF PHILOSOPHY 

IN 

FOOD TECHNOLOGY 

 

 

 

 

 

 

NATIONAL INSTITUTE OF FOOD SCIENCE & TECHNOLOGY 

UNIVERSITY OF AGRICULTURE, FAISALABAD 

PAKISTAN 

2012 



 
 

ii

To, 

 

 

The Controller of Examinations, 
University of Agriculture, 
Faisalabad. 
 

 

We, the Supervisory Committee, certify that the contents and form of this thesis 

submitted by Mir Muhammad Nasir Qayyum, Reg. # 96-ag-1829 have been found 

satisfactory, and recommend that it be processed for evaluation by the External 

Examiner(s) for the award of degree. 

 

 

SUPERVISORY COMMITTEE: 
 

 

 Chairman:          

            (Prof. Dr. Masood Sadiq Butt)    

 

 

 Member:           

           (Prof. Dr. Faqir Muhammad Anjum)  

 

 

 

 Member:           

       (Dr. Haq Nawaz)  

 

 

 

 



 
 

iii

Dedicated  

To  

Hazrat Muhammad      
(Peace Be   Upon Him) 



 
 

iv

DECLARATION  

I hereby declare that the contents of the thesis, studies on “Characterization and bio-

evaluation of some indigenous legume protein isolates for complementary foods” are the 

product of my own research and no part has been copied from any published source 

(expect the references, standard mathematical or genetic models/ equations/ formulas/ 

protocols etc). I, further, declare that this work has not been submitted for the award of 

any other diploma/degree. The university may take action if the information provided 

found inaccurate at any stage. (In case of any default the scholar will be proceeded 

against as per HEC plagiarism policy). 

 

 

 

 

                                                            Mir Muhammad Nasir Qayyum 

 

 

 

 

 

 

 

 

 



 
 

v

 
ACKNOWLEDGEMENT 

I feel myself inept to regard the Highness of Almighty ALLAH, my words have lost their 
expressions, knowledge is lacking and lexis scarce to express gratitude in the rightful 
manner to the blessings and support of Allah The Almighty who flourished my ambitions 
and helped me to attain goals. I present my humble gratitude from the deep sense of heart 
to the Holy Prophet MUHAMMAD (Peace Be Upon Him) that without him the life 
would have been worthless. 

I have no words to express my gratitude to my honorable supervisor Prof. Dr. Masood 
Sadiq Butt, National Institute of Food Science and Technology, University of Agriculture, 
Faisalabad for his diligent cooperation and scrupulous support during the entire degree 
program. I expand my deepest appreciation and benedictions to Prof Dr. Faqir 
Muhammad Anjum Director General, National Institute of Food Science and Technology, 
University of Agriculture, Faisalabad for his great help. I also express my appreciation to 
Dr. Haq Nawaz, Associate Professor, Institute of Animal Nutrition and Feed Technology 
for his compassionate attitude and valued suggestions. 

I extend my obligations to my loving parents and siblings, without their moral and 
financial support, I wouldn’t have been at this position today. I am quite thankful to my 
wife, beloved son Mir Mustafa Nasir Khan and nephew Mir Muhammad Ayan for their 
moral support to conduct this research. Extreme love, utmost sincerity and caring 
behavior of my brothers Mir Muhammad Yasir, Mir Muhammad Wasiq and my loving 
sister can never be neglected. I am also grateful to my in-laws for their every kind of 
support during the entire research. Lastly, I am also thankful to my friends for their 
valuable critical discussions and endorsing support throughout research work and 
motivating me at times. 

  

 

Mir Muhammad Nasir Qayyum  

 

 



 
 

vi

                                                            LIST OF ABBREVIATIONS 
 
 
ARM  Aromatic amino acids 
BPI  Broad bean Protein Isolates 
BV  Biological Value 
CF  Crude Fat 
CF  Crude Fibre 
CP  Crude Protein 
CPI  Chickpea Protein Isolates 
df   degree of freedom 
EA  Emulsion Activity 
ES  Emulsion Stability 
FC  Foam Capacity 
FE  Foam Expansion 
FS  Foaming Stability 
h   hour 
HU  Haemagglutinin Unit 
KPI  Kidney bean Protein Isolates 
LAA  Limiting Amino Acids 
LGC  Least Gelation Concentration 
LPI  Lentil Protein Isolates 
NFE  Nitrogen Free Extract 
NPR  Net Protein Ratio 
NPU  Net Protein Utilization 
NSI  Nitrogen Solubility Index 
OAC  Oil Absorption Capacity 
PDCAAS Protein Digestibility Corrected Amino Acid Score 
PER  Protein Efficiency Ratio 
PIR  Protein Isolates Recovery  
RNPR  Relative Net Protein Ratio 
SAA  Sulphur containing Amino Acids 
SDS-PAGE Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis   
SOV  Source of Variation 
SP  Soy Protein 
TD  True Digestibility 
TIU  Trypsin Inhibitor Units 
WAC  Water Absorption Capacity   



 
 

vii

CONTENTS 

 

    

 

 

 

Sr. No. Title Page 

I INTRODUCTION 1 

II REVIEW OF LITERATURE 6 

III MATERIALS AND METHODS 26 

IV RESULTS AND DISCUSSION 38 

V SUMMARY 125 

 RECOMMENDATIONS 131 

 LITERATURE CITED 132 



 
 

viii

LIST OF CONTENTS 

Acknowledgement…………………………………………………………….. i 
List of abbreviations………………………………………………………….. ii 
Contents……………………………………………………………………….. iii 
List of  contents……………………………………………………………….. iv 
List of tables………………………………………………………………….. vii 
List of figures………………………………………………………………… ix 
List of Appendices……………………………………………………………. x 
Abstract……………………………………………………………………….. xi 
1.   INTRODUCTION………………………………………………………... 1 
2.   REVIEW OF LITERATURE…………………………………………… 6 
 2.1. Malnutrition………………………………………………………. 6 
 2.2. Legumes; Nutritional Aspect ………..…………………………… 8 
  2.2.1. Amino Acid Profile………..…………………………… 10 

2.3. Anti-Nutritional Factors………………………………………….. 12 
 2.4. Legume Protein Isolates …………….…………………………… 14 
 2.5. Gel Electrophoresis (SDS-PAGE)……………….………………. 16 
 2.6. Functional Properties………………………....………………….. 17 
 2.7. Bio-Evaluation of Legumes……………………………………… 20 
 2.8. Complementary Foods …………………………………………... 22 
3. MATERIALS AND METHODS………………………………..….......... 26 
 3.1. Materials…………………………………………………………. 26 
 3.2 Preparation of Raw Material ……………………………………... 26 
 3.3. Antinutrients……………………………………………………... 26 
  3.3.1. Haemagglutinin-lectin…………………………………. 26 
  3.3.2. Trypsin Inhibitor……………………………………….. 26 

3.3.3. Phytates ………………………..………………………. 27 
3.4. Inactivation of Anti-Nutrients in Legumes ……………………… 27 

 3.5. Proximate Analysis ………..…………………………………….. 27 
3.5.1. Crude Protein (CP) ……………..……………………... 27 

  3.5.2. Crude Fat (CF)………………......……………………... 27 
  3.5.3. Crude Fiber (CF)……………………………………….. 28 
  3.5.4. Ash Content ……………………………………………. 28 
  3.5.5. Nitrogen Free Extract (NFE)…………………………… 28 

3.6. Preparation of Legume Protein Isolates ………………………….. 28 
 3.7. Protein Isolates Assay ……………………………………………. 28 
  3.7.1. Protein Content ………………………………………… 28 
  3.7.2. Isolate Recovery………………………………………… 28 



 
 

ix

  3.7.3. Protein Yield ………………………….…………………. 28 
3.8. Functional Properties ……………………………………………… 30 

  3.8.1. Bulk Density……………………….…………………….. 30 
  3.8.2. Oil Absorption Capacity ………………………………… 30 
  3.8.3. Water Absorption Capacity ……………………………... 30 
  3.8.4. Foaming Properties…………………….………………… 30 
  3.8.5. Emulsion Properties …………………………………….. 30 
  3.8.6. Nitrogen Solubility Index (NSI)…………………………. 31 
  3.8.7. Least Gelation Concentration (LGC)………….………… 31 
 3.9. Gel Electrophoresis (SDS-PAGE)……….………………………... 31 

3.10. Amino Acid Profile………………………………………………. 31 
3.11. Amino Acid Score ……………………………………………….. 31 
3.12. PDCAAS Value…………………………………………………... 32 
3.13. Bio-Evaluation …………………………………....……………… 32 

3.13.1. Housing of Rats……………………………….………… 32 
  3.13.2. Feed Intake……………………………………………… 33 

3.13.3. Body Weight gain ……………………………………… 33 
3.13.4. Protein Quality Evaluation……………………………... 33 

3.14. Product Development…………………………………………….. 34 
3.14.1. Selection of Legume Protein Isolates…………………… 34 
3.14.2. Complementary Foods………………………………….. 34 

3.15. Analysis of Complementary Foods……………………………….. 34 
3.15.1. Composition…………………………………………….. 34 
3.15.2. Energy Value…………………………………………… 35 
3.15.3. Bulk Density……………………………………………. 35 
3.15.4. Reconstitution Index……………………………………. 35 
3.15.5. Viscosity…………………………………………… …… 36 
3.15.6. Amino Acid Analysis…………………………………… 36 
3.15.7. Amino Acid Contribution……………………………….. 36 
3.15.8. Protein Score…………………………………………….. 36 

3.16. Sensory Evaluation………………………………………………... 36 
3.17. Acceptability Study……………………………………………….. 37 
3.18. Statistical Analysis………………………………………………... 37 

4. RESULTS AND DISCUSSION …………………………………………… 38 
 4.1. Legumes Analysis ………………………………………………….. 38 

4.1.1. Proximate Composition………………………………........ 38 
4.2. Anti-Nutritional Factors……………………………………………. 41 

4.2.1. Phytates………………………………………………….... 41 
4.2.2. Haemagglutinin-lectin ……………………………………. 42 



 
 

x

4.2.3. Trypsin Inhibitor………………………………………….. 43 
4.3. Protein Isolates Recovery, Crude Protein and Protein Yield …. …… 43 
4.4. Functional Properties……………………………………………….. 48 

4.4.1. Bulk Density……………………………………………… 48 
4.4.2. Absorption Properties…………………………………….. 49 
4.4.3. Foaming Properties …………………….………………… 52 
4.4.4. Emulsion Properties………………………………………. 56 
4.4.5. Nitrogen Solubility Index………………………………… 58 
4.4.6. Least Gelation Concentration…………………………….. 58 

4.5. Amino Acid Profile………………………………………………… 63 
4.5.1. Amino Acid Score ………………………………….. …… 68 
4.5.2. PDCAAS Value…………………………………………... 69 

4.6. SDS-PAGE…………………………………………………………. 74 
4.7. Biological Assay……………………………………………………. 74 

4.7.1. Growth Study Parameters…………………………………. 74 
4.7.1.1. Protein Efficiency Ratio………………………… 76 
4.7.1.2. Net Protein Ratio (NPR)………………………… 77 

4.7.2. Nitrogen Balance Study…………………………………… 78 
                              4.7.2.1. True Digestibility (TD)………………………..... 78 

4.7.2.2. Biological Value (BV)…………………………... 79 
                              4.7.2.3. Net Protein Utilization (NPU)…………………….. 79 

4.8. Complementary Food……………………………………………….. 86 
4.8.1. Compositional Analysis……………………………... …… 86 
4.8.2. Energy Value…………………………………………….... 88 
4.8.3. Nutrient Density ……………………………………. ….... 92 
4.8.4. Bulk Density…………………………..………………….. 94 
4.8.5. Reconstitution Index ……………………………………... 94 
4.8.6. Viscosity………………………………………………….. 95 
4.8.7. Amino Acid Profile………………………………….. …… 98 
4.8.8. Amino Acid Score………………………………………… 104 
4.8.9. Amino Acid Contribution………………………………… 106 

4.9. Sensory Evaluation…………………………………………………. 109 
4.10. Acceptability Study………………………………..…………. …… 112 
4.11. Correlation studies………………………………………………… 118 
 4.11.1. Correlation matrix for various characteristics of legumes.. 118 

5. SUMMARY……...…………………………………………………………… 125 
RECOMMENDATIONS………………………………………………………. 131 
LITERATURE CITED………………………………………………………… 132 

APPENDICES………………………………………………………………….. 163



 
 

xi

 LIST OF TABLES 

 

 

 Sr.No. Title Page 

1 Components of various diets used in the study 33 

2 Complementary food formulation 35 

3 Mean squares for proximate composition of legumes  40 

4 Proximate composition (%) of legumes 40 

5 Mean squares for anti-nutritional factors in legumes  44 

6 Anti-nutritional factors of legumes 45 

7 Mean squares for protein isolates recovery and yield 47 

8 Protein isolates recovery and yield 47 

9 Mean squares for bulk density of  legumes protein isolates 50 

10 Mean squares for water and oil absorption of  legumes protein isolates 51 

11 Mean squares for foaming capacity and stability of  legumes protein 

isolates 

54 

12 Mean squares for emulsion activity and stability of  legumes protein 

isolates 

57 

13 Least gelation concentration of  legumes protein isolates 61 

14 Mean squares for essential amino acids of  legumes protein isolates 64 

15 Mean squares for non-essential amino acids of  legumes protein isolates 65 

16 Essential amino acid (g/100g protein) of  legumes protein isolates 66 

17 Non-essential amino acid (g/100g protein) of  legumes protein isolates 67 

18 Amino acid score for  legumes protein isolates 70 

19 Mean Squares for protein deficiency corrected amino acid score 

(PDCAAS)  for legumes protein isolates during the year 2009-10 

71 

20 Mean Squares for protein deficiency corrected amino acid score 

(PDCAAS)  for legumes protein isolates during the year 2010-11  

71 

21 Protein deficiency corrected amino acid score (PDCAAS)  for legumes 

protein isolates during the year 2009-10 

72 

22 Protein deficiency corrected amino acid score (PDCAAS)  for legumes 

protein isolates during the year 2009-10 

72 



 
 

xii

 

23 

 

24 

Mean squares for growth and nitrogen balance study parameters of experimental  

diets (2009-2010) 

Mean squares for growth and nitrogen balance study parameters of experimental 

diets (2010-11) 

81  

 

82 

25 Growth study parameters of experimental diets 83 

26 Nitrogen balance study parameters of experimental diets 84 

27 Mean squares for proximate composition of complementary foods  87 

28 Mean squares for calorific value of complementary foods  90 

29 Percent calorific value of complementary foods 90 

30 Mean squares for per meal calorific value of complementary foods   91 

31 Per meal calorific value of complementary foods  91 

32 Mean squares for nutrient density of complementary foods 93 

33 Nutrient density of complementary foods  93 

34 Mean squares for loose and packed bulk density of complementary foods  96 

35 Loose and packed bulk density of complementary foods 96 

36 Mean squares for reconstitution index and viscosity of complementary foods  97 

37 Reconstitution index and viscosity of complementary foods  97 

38 Mean squares for essential amino acids of complementary foods 99 

39 Essential amino  acids (g/100g protein) of complementary foods 100 

40 Mean Squares for non-essential amino acids of complementary foods 101 

41 Non-essential amino acids (g/100g protein) of complementary foods  102 

42 Amino acid score* (for infants) of complementary foods 105 

43 Contribution of complementary food (C1) to infant’s daily amino acid requirement 107 

  44 Contribution of complementary food (C2) to infant’s daily amino acid requirement 108 

45 

46 

47 

48 

Means squares for sensory response of complementary foods 

Sensory response of complementary foods 

Mean squares for infant acceptability  scores of complementary foods 

Infant acceptability  scores of complementary foods 

110 

  111 

  114 

  114 

  49 Infant acceptability during the study period   115 

50a Correlation matrix between different characteristics of legumes  120 

50b Correlation matrix between different characteristics of complementary foods 123 



 
 

xiii

 

LIST OF FIGURES 

 
 

 

 

 

 

 

 

Sr. No. Title Page 

1 Systematic flow sheet for legume protein isolates recovery 29 

2 Bulk density of legumes  protein isolates 50 

3 Water and oil absorption of legumes  protein isolates 51 

4 Foaming capacity of legumes  protein isolates 55 

5 Foaming stability of legumes  protein isolates 55 

6 Emulsion activity and stability of legumes  protein isolates 57 

7 Nitrogen solubility (%) of chickpea protein isolates 59 

8 Nitrogen solubility (%) of lentil protein isolates 59 

9 Nitrogen solubility (%) of broad bean protein isolates 60 

10 Nitrogen solubility (%) of kidney bean protein isolates 60 

11 Electrophoretogram of legume protein isolates 75 

12 Growth parameters study  85 

13 Proximate composition of complementary food samples 87 

14 Percentage acceptability of complementary foods by infants 115 

15 Infant acceptability of complementary foods 116 



 
 

xiv

LIST OF APPENDICES 

 

Sr. No. Title Page 

1 Vitamin and mineral mixture used in the study 163 

2 Sensory response of complementary foods 164 

3 Performa for infant acceptability of complementary foods 166 

4 Protein and energy requirement of infants 167 

 

 



 
 

xv

ABSTRACT 
In present investigation, extraction, characterization and bio-evaluation of protein isolates 
from different indigenous legumes i.e. chickpea, lentil, broad and kidney beans were carried 
out to develop complementary foods. In tested legumes, after inactivation of anti-nutritional 
factors, protein isolates were prepared through isoelectric precipitation method. The highest 
protein yield as 80.47±5.71% was estimated in lentil protein isolates (LPI) followed by 
73.14±3.44% in chickpea protein isolates (CPI) and 67.58±3.70% in broad bean protein 
isolates (BPI) while the lowest yield 52.83±3.36% was in kidney bean protein isolates (KPI). 
Moreover, protein isolates were assessed for their functional properties like bulk density, oil 
& water absorption, emulsifying & foaming properties etc. Maximum bulk density was 
revealed in LPI followed by CPI, KPI and BPI. Likewise, higher water absorption capacity 
was recorded in CPI tracked by LPI and BPI whilst the lowest in KPI. Maximum foaming 
capacity (FC) was revealed in BPI followed by KPI and LPI, respectively and the minimum 
in CPI. Electrophorogram through SDS-PAGE showed that legume protein isolates had 
protein bands in the range of 4 to 70kDa. Amino acid quantification was also performed 
with reference to requisite profile for the pre-schoolers. Among the essential amino acids, 
higher lysine content (4.54±0.21g/100g) was found in KPI followed by CPI 
(3.70±0.09g/100g) and LPI (3.66±0.20g/100g) whilst BPI showed minimum values 
(3.51±0.21g/100g). Simultaneously, amino acid scores were also determined with values of 
39.6, 40.0, 40.0 and 56.0 in CPI, LPI, BPI and KPI, respectively. Bio-evaluation of 
respective isolates was performed through growth study parameters. Among the resultant 
protein isolates, the highest values were observed in LPI followed by CPI and BPI while the 
lowest for KPI regarding protein efficiency ratio (PER), net protein (NPR) and relative net 
protein ratio (RNPR), respectively for the year 2009-10. Similarly, nitrogen balance study 
parameters showed the highest values for true digestibility (TD), biological value (BV) & 
net protein utilization (NPU) in LPI tracked by CPI and BPI whereas the lowest values for 
these traits were recorded in KPI. However, BV value was high in KPI as compared to BPI. 
Similar trend for growth and nitrogen balance studies was observed in the next year 2010-
11. On the basis of overall yield, functional properties and bio-evaluation, two best protein 
isolates namely LPI and CPI were selected along with control for complementary foods 
preparation. The prepared formulations based on LPI (C1) and CPI (C2) congregated the 
FAO criteria for supplementary infant foods. The developed weaning foods were analyzed 
for chemical composition, energy value, bulk density, reconstitution index, viscosity and 
amino acid profile. Additionally, gross calorific values were observed as 401.70±20.42, 
401.15±20.50 and 410.16±20.90kcal/100g for C1, C2 and control complementary foods, 
respectively. The essential amino acids were found to be sufficient in lentil and chickpea 
protein supplemented weaning foods. In addition to amino acid quantification for infant 
formulations, amino acid scores were also estimated. In complementary foods, maximum 
calorific value was contributed by fat followed by protein. Formulations in current study are 
capable of delivering 120.22±6.80, 122.49±6.36 and 123.27±6.09kcal per single meal for C1, 
C2 and control, respectively. Hedonic response regarding various sensory attributes also 
showed acceptance towards developed complementary foods. The acceptability appraisal of 
prepared infant formulations was conducted through short term infant feeding trial with the 
help of nursing mothers. The acceptability remained as 61.40 to 65.00% at the initiation of 
study and reached to 80.80 to 83.20% at the end of trial. Correlation studies also showed 
strong association among various variables and refelect their positive and negative 
contributions. The upshots of this project indicated that indigenous legumes have potential 
to yield protein isolates with appreciable functional and nutritional quality for application in 
array of foods with special reference to complementary foods.  



 
 

1

CHAPTER 1 

        INTRODUCTION 

 
Protein energy malnutrition (PEM) is one of the major threats in developing nations 

where population is escalating at an alarming rate. The nutritional survey in Pakistan 

showed protein scarcity in vulnerable segments owing to its non-optimal 

consumption.  It has been reported that about 50% of infants and children morbidity 

and mortality is related to various types of malnutrition (GOP, 2010). In Pakistan, it is 

most prevalent in Baluchistan where 73% of children are undernourished followed by 

69% in NWFP, 64% in Sindh and 51% in Punjab. The existing dilemma of 

malnutrition coupled with increasing rate of population and high cost of animals 

based food demand un-conventional protein sources to enrich the traditional 

formulations (Awan, 2007). 

Protein deficiency is affecting more than 170 million preschoolers and nursing 

mothers in developing Afro-Asian countries. The existing inclination of population 

growth reveals that protein gap may gradually increases in future unless well planned 

measures are not taken to cope with the menace (Powell, 2007). Moreover, provision 

of adequate protein of animal origin is difficult and expensive. An alternative strategy 

for improving nutritional status of the people is to supplement the diet with plant 

proteins. Therefore emphasis has been given to the nutritional evaluation of proteins 

from various plant species (Mubarak, 2005).  

The specific protein deficiency diseases such as Kwashiorkor and Marasmus are 

common in the native children whereas in adults, resulting poor health and growth 

(GOP, 2010). Owing to high cost, health and ethnic issues associated with the 

consumption of animal proteins, consumers are turning towards plant based proteins. 

Additionally, meat protein production is associated with some allied issues like 

inherent inefficient conversion (Nunes et al., 2006). 

Nutritional disparity is a by-product of malnutrition that is more pronounced in 

population of third world countries affecting millions of people. Infants require high 

protein intake as its dynamic role in growth, development of body tissues and 

certainly establishing a sturdy immune system. Insufficient food intake is the major 
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reason of protein scarcity which renders infants more susceptible to infectious 

diseases, general health disorders and retarded body growth. In Pakistan, about eight 

million children of less than five years are malnourished and about 38% are 

underweight (UNICEF, 2006). This alarming quantum of inescapable malady is 

urging the need to explore some unconventional protein sources to overcome the 

challenge. 

Complementary food is fundamental for child health especially during the first year 

where infants end up each day with an increased tissue mass. Inadequacy of 

complementary foods and improper feeding practices are among the major reasons of 

nutrient deficiency in infants of the developing nations. Traditional weaning foods 

often used are lacking in proper energy density, protein, micronutrient concentration 

and quality (Chang et al., 2008). Properly formulated complementary food is 

necessary for the growth and survival of infants (Bond et al., 2005). 

Calorific intake of infants during weaning period varies significantly in different 

socio-economic strata over the globe. Exclusive breastfeeding for the first six months 

provides an ample energy and nutrients to meet bodily requirements of infants. 

Energy gap widen up to 548kcal by 23rd month that should be met through 

complementary foods (Allen, 2003). Weaning or complimentary foods help to transit 

the infant from breast milk to adult diet by expanding the food limits with inclusion of 

semi-solid and solid foods other than breast milk. In particular, amount of protein 

needed from the complementary foods increases about three folds with the 

progression of age from six months to two years (Dewey and Adu-Afarwuah, 2008). 

Throughout the childhood, balanced nutrition plays a key role in growth even in 

disease prevention; proper complementary feeding is vital for optimum growth and 

development (Mennella et al., 2006; Melo et al., 2008). Cereal flours are used as the 

basic ingredient for infant formulations along with dry milk and indigenous legumes 

(Egli et al., 2003). Not only the recipe but also the functional properties and intact 

nutritional profile are imperative for well balanced complementary food (Nasirpour et 

al., 2006). 

Animal proteins are far from the economic reach of low income segments of 

developing countries where two third of population mainly rely on cereals. Locally 

grown cereals with high biological quality serve to assemble energy and nutrition 
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demand but continued and drastic rise in staple cereal prices adding up further 

towards malnutrition. Insufficiency of quality foods and hidden hunger has urged the 

need to utilize indigenous legumes to cope with the problem (FAO, 2008).  

Legumes play an important role in human nutrition as they are rich sources of protein, 

calories, certain minerals and vitamins (Mubarak, 2005). Food legumes are crops of 

the family Leguminosae also called Fabacae. Grain legumes are used as pulse (dhal) 

in Indo-Pak region. Cereal proteins are deficient in certain essential amino acids, 

particularly in lysine (Anjum et al., 2005) whilst legumes have been reported to 

contain adequate amount of lysine (Sai-Ut et al., 2009). It is advisable to enhance the 

protein content of the diet through easily available and accessible plant protein 

sources especially with legumes to improve the nutritional status of the low-income 

group of the population. In order to improve the protein quality, complementary foods 

should be prepared by mixing cereals with the other protein sources (Khattab and 

Arntfield, 2009). 

Pakistan being an agro-based economy produces different type of legumes like 

chickpea, lentil, broad and kidney beans etc. Utilization of legumes in food 

formulations is increasing as they provide optimum nutrition. The nutritional quality 

depends upon specific amino acids and their physiological utilization after digestion, 

absorption and minimal mandatory rates of oxidation. Kidney bean protein (20–30%) 

has shown the balanced amino acid profile however, methionine is the first limiting 

factor (Alsohaimy et al., 2007). Likewise, chickpea is also appropriate source of 

dietary protein with high bioavailability and relatively lower level of anti-nutritional 

factors (Papalamprou et al., 2009).  

Legumes also contain some anti-nutritional factors like phytates that combine with 

metals forming insoluble complexes thus hamper the digestibility and availability of 

nutrients (Abdelrahaman et al., 2007). Heating destroys the naturally occurring anti-

nutritional factors and is employed for reduction of anti-nutrients in the plant based 

foods thus enhances the nutritional value of isolated protein (Seena et al., 2006). 

Recently, utilization of protein isolates extracted from various plant sources have been 

increased with escalating knowledge of their functional properties and nutritive value. 

Legume protein isolates are essential protein fragments having high biological value 

thereby serves as medium to curtail the undesirable situation. One of the best methods 
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of protein isolation is isoelectric precipitation resulting in less protein denaturation 

(Tang and Ma, 2009). In a research investigation, Paul et al, (2008) revealed that 

processed complementary foods have long been proposed as a component of infant 

and young child feeding interventions to mitigate several barriers for optimizing 

complementary feeding in poor areas. In this regard, various studies have been carried 

out to assess the utilization of legumes because of their high protein content 17-40% 

comparing with that of cereals 7-13% and 8-25% in meat (Genovese and Lajolo, 

2001). 

The legume flours have proven functional properties, emulsifying activity and 

stability as compared to soybean flour. These properties are mainly attributed due to 

differences in amount and type of protein in the flour whereas thermal and surface 

active characteristics like foaming are varying depending on the method of 

preparation (Meng and Ma, 2002). Legume proteins also possess functional properties 

that play an important role in food formulation. It includes solubility, water & fat 

absorption capacity and foaming properties. Some functional properties of legume 

proteins are comparable to those that are frequently used like soy and whey in various 

food formulations (Boye et al., 2010a).  

During infancy, balanced nutrition plays a vital role in infant growth and even in 

disease prevention. For the purpose, complementary feeding is necessary for optimum 

growth and development (Mennella et al., 2006; Melo et al., 2008). Meagerness of 

complementary foods and improper feeding practices are among the major reasons of 

nutrient deficiency in infants of the developing nations. Traditional complementary 

foods often used in developing countries are lacking in proper energy density, protein, 

micronutrient concentration and quality (Chang et al., 2008).  

In Pakistan, little efforts have been carried out to address protein energy malnutrition 

through development of specially designed infant formula using indigenous legume 

sources. There is dire need to explore some plant based high protein sources to 

formulate nutritious and economical complementary foods. For the purpose, initial 

trials were conducted on Sprague Dawley rats to find out the extent and suitability of 

legume protein isolates in resultant complementary foods. Furthermore, bio-

evaluation of the extracted protein isolates followed by infants acceptability response 

are limelight of the instant study.  
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The objectives set to be achieved are herein: 

 Extraction and characterization of protein isolates from indigenous legumes 

i.e. chickpea, lentil, kidney bean and broad bean 

 To explore the functional properties and bio-evaluation of extracted protein 

isolates 

 Development of complementary foods from selected protein isolates   
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CHAPTER 2 

REVIEW OF LITERATURE 
 

In the developing countries high population rate, food security threats and rising 

prices of animal proteins have emphasized to explore some new protein sources. 

Owing to these factors, protein energy malnutrition is prevalent among the masses.  In 

this context, legumes are becoming popular as unique protein source. They are good 

source of amino acids especially lysine which is deficient in wheat. Legumes also 

contain dietary fiber and antioxidants that help to prevent various metabolic 

syndromes. In the current research investigation, protein isolates were prepared from 

different indigenous legumes. Further, two best legume protein isolates were selected 

on the basis of overall yield, functional properties and bio-evaluation study. Low cost 

nutrient dense complementary foods were prepared from the selected protein isolates. 

To support and for better understanding of the study, the literature has been reviewed 

under the following headings: 

2.1. Malnutrition 

2.2. Legumes; nutritional aspects 

2.3. Anti-nutritional factors  

2.4. Legume protein isolates 

2.5. Gel Electrophoresis (SDS-PAGE) 

2.6. Functional properties 

2.7. Bio-evaluation of legumes 

2.8. Complementary foods 

2.1. Malnutrition 

Optimum nutrition and health care during early childhood are the basics for achieving 

one of the Millennium Development Goals (MDGs) for child endurance and 

impediment of malnutrition (Lutter, 2003). Complementary feeding begins at 6 

months and continues upto 24 months when moved from limited breastfeeding to 

semi-solid foods. At this stage the nutritional supply of many infants are not properly 
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met thus leading to inception of malnutrition particularly in children under 5 years 

(Daelmans and Saadeh, 2003). Malnutrition is currently widespread in many areas of 

the world. In this context, the most serious nutritional problem is protein energy 

malnutrition (Iqbal et al., 2006). Accomplishment of protein requirements continues 

to be a global issue which heightened concerns about food security and protein 

malnutrition. Generally, fortification of legumes such as pea, chickpea, lentil and 

beans is used to curtail this metabolic syndrome (Boye et al., 2010a). Childhood 

malnutrition is a serious global predicament resulting death of 3.5 million children 

under 5 year age annually (Roux et al., 2010). 

Protein energy malnutrition continues to be a public health problem in the developing 

world (Brabin and Coulter, 2003; FAO, 2004). Poverty and poor feeding practices 

have been attributed as the major factors responsible for the menace (Sachs and 

McArthur, 2005). Protein energy malnutrition generally occurs during the vital middle 

phase when children are shifted from liquid to semisolid foods. During this period, 

because of rapid growth, children need nutritionally balanced calorie dense 

supplementary foods in addition to breast milk. Severe protein energy malnutrition 

results in kwashiorkor and marasmus (Asma et al., 2006).  

In the developing economies, child under nutrition remains persistent and detrimental 

in low income and middle income families although the development of an adequate 

and accessible food product is a cure for this plague (Black et al., 2008). In order to 

alleviate the problem of protein energy malnutrition (PEM) among the infants, several 

studies have been carried out on the formulation and processing of complementary 

foods such as soy ogi (maize and soybean), crayfish ogi (maize and crayfish), maize 

cowpea (maize and cowpea) etc. from locally available food materials (Ijarotimi, 

2006). 

Prevalence rate of protein energy malnutrition is high ranging from 30 to 60% in 

elderly people. The functional consequences of malnutrition are varied often leading 

to an increase isolation and greater dependency that ultimately impaired quality of life 

(Smoliner et al., 2008). Malnutrition refers to both over nutrition, intake in excess of 

requirements and under nutrition consumption less than requirements which is more 

prominent (Green and Watson, 2005). It is defined as a state of nutrient insufficiency 

resulting either inadequate nutrient intake or inability to absorb or use ingested 
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nutrients (Hoffer, 2001). In Australia, a prospective study was conducted in two 

Sydney teaching hospitals and found 30% of patients were at risk of malnutrition 

whilst 6% are malnourished (Middleton et al., 2001). The detection of malnutrition is 

important; extreme consequences may contribute to increase in hospital stay, 

complications and transience (Isabel et al., 2003). 

Current reported factors attributed to malnutrition fall into two main categories: 

personal and organizational. Personal elements can be further subdivided into 

physical and social causes (Reid, 2004; Rosenthal, 2004). As in developmental 

disabilities, children with autism spectrum disorder (ASD) are predisposed to 

malnutrition. Their energy intake is found to be 80% of the recommended daily 

allowance (RDA) thus leading to suffer primarily from protein energy malnutrition 

(Schwarz et al., 2001). 

Children with autism spectrum disorder (ASD) are at greater risk of nutritional 

deficiencies owing to the restrictive diet therapy, abnormal feeding practices, 

restricted repetitive nutritional intake habits, parental own beliefs on nutrition  and 

improper medication (Emond et al., 2010). It is important to detect malnutrition in the 

early life of children effecting growth, cognition and education; influenced by the 

amount, kind and quality of food intake (Gale et al., 2009). 

The most common type of malnutrition is underweight followed by wasting and 

stunting category. Among boys, underweight and stunting are significantly higher 

than girls, while wasting is more prevalent among girls. None of the participants have 

showed evidence of overweight or obesity. The study indicates an overall tendency 

among autistic Omani children towards being malnourished (Al-Farsi et al., 2011).  

In most cases malnutrition is associated with poverty and even in the exceptional 

circumstances an entire population is affected, the poor tend to be the most affected. 

In this scenario, panel of scientists has examined the effects of prenatal and childhood 

malnutrition on child development and health (Susser et al., 2008). 

2.2. Legumes; Nutritional Aspect  

Legumes supply energy, dietary fiber, protein, minerals and vitamins required for 

optimal health (Jacobs and Gallahe, 2004). They are an important source of dietary 
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protein especially in regions where use of animal protein is restricted due to factors 

like unavailability, religious or cultural norms and comparatively high cost of animal 

proteins. Recent research investigations have highlighted the beneficial role of 

legumes including reduced risk of cardiovascular diseases (Flight and Clifton, 2006). 

Different legumes like chickpea and lentil contain 17–30% protein with varying 

amount of essential amino acids (Boye et al., 2010a). 

Beans protein ranges from 23.99 - 35.51%, fat 0.76 - 1.93%, crude fiber 10.52 - 

16.77%, ash 5.13 - 9.19% and carbohydrates 28.18 - 48.41% (Barnali et al., 2010). 

African locust beans contain 30, 15, 4 and 2% of protein, fat, crude fiber and ash, 

respectively (Elemo et al., 2011). Similarly, cashew nut holds moisture content 

5.52%, ash 4.41%, protein 27.31%, fat 34.95%, fibre 1.42% and carbohydrates 

25.39% (Vincent et al., 2009). Similarly, Albizia lebbeck seeds have protein, crude 

fiber, ash and NFE as 27.30, 38.50, 4.20 and 19.40%, respectively (Muhammad et al., 

2010). Earlier, Valencia et al. (2009) reported protein 13%, moisture 9%, fat 9%, ash 

2% and crude fiber 6% in kiwicha. In contrary, tigernut contains moisture, crude 

protein, crude fat, crude fat and ash as 4.69, 4.27, 27.44, 13.35, 2.32 and 47.9%, 

correspondingly (Adekanmi et al., 2009). 

Lentils are one of the most important legume crops in the world owing to their 

nutritional quality. They are rich source of carbohydrates, protein, dietary fiber, 

vitamins and minerals. Their seeds consist of about two-third of carbohydrates and 

24–30% protein. They are also a good source of dietary fiber and ash (Wang et al., 

2009). Lentil protein is high in certain amino acids such as lysine and arginine 

(Longnecker et al., 2002). Likewise, kidney bean (Phaseolus vulgaris L.) consists of 

20–30% protein and has an excellent amino acid profile but low in sulfur-containing 

amino acids especially methionine (Sathe, 2002).  

Later, Sirivongpaisal, (2008) observed that bambara groundnut comprised of 11.4, 

53.1, 6.1, 6.1, 4.4, 0.097 and 0.007% protein, carbohydrate, fat, fiber, ash, calcium 

and  iron, respectively. Currently, Eltayeb et al. (2011) reported protein, fat, ash, 

crude fiber and total carbohydrates as 17.70, 6.58, 4.22, 3.50 and 86.0% in bambara 

groundnut, respectively. Sword beans contain protein 28.39%, lipid 7.84%, fiber 

8.23%, ash 5.63% and carbohydrates 49.91% (Vadivel et al., 2010). In lentil crude 

protein ranges from 24.3 to 30.2% (Wang and Daun, 2006). The nutritional 
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assessment contributes significantly in creating awareness about the usefulness of 

legumes in diet. Chickpea is used in the preparation of numerous conventional foods 

with high protein i.e.18–25% and carbohydrates mainly as starch while lipid content 

is relatively low (Papalamprou et al., 2009). Earlier, Daur et al. (2008) observed that 

chickpea has 19.47 to 21.27% protein and 8.53 to 9.89% fiber content. Among the 

minerals, potassium is the highest 725-1171mg/100g followed by phosphorus 188.3-

252.7 mg/100g and sodium 61.3-100.3 mg/100g.  

Chickpea is bestowed with high level of carbohydrates (41.10–47.42%) and protein 

(21.70–23.40%). Starch is the major carbohydrate fraction representing about 83.9% 

of the total carbohydrates (Alajaji and El-Adaway, 2006). Broad bean is cultivated 

and consumed worldwide and composed of 30.57% crude protein, 3.22% crude 

fat, 2.73% crude fiber, 3.61% ash and 59.87% carbohydrate, respectively (Mortuza et 

al., 2009). Accordingly, globulin is considered as a major protein fraction of broad 

beans accounting for 69.5–78.1% of the total protein (Sathe, 2002). Likewise,  

phenolic content of the  legumes ranged from 11.8 - 25.9 mg /100g, polyphenols 0.32 

- 2.4 mg/100g and triterpenic acids 0.34 - 8.5 mg/100 g (Kalogeropoulos et al., 2010).  

2.2.1. Amino Acid Profile 

Amino acid analysis of beans soaked at moderately acid pH showed a significant 

increase in essential amino acids, especially cysteine.( Nestares et al., 2001). It has 

been observed that Lathyrus flour and respective protein isolates are scarce in sulphur 

containing amino acids i.e. methionine and cysteine (Cavada et al., 2010). 

Legumes have better amino acid profile regarding lysine, leucine, aspartic acid, 

glutamic acid and arginine and provide balanced essential amino acids when 

consumed with cereals and other foods rich in sulphur-containing amino acids and 

tryptophan (Boye et al., 2010a). The acidic amino acids like glutamic and aspartic 

acids are the main amino acids of raw as well as cooked legumes. Except for cysteine, 

methionine and tryptophan, the raw and cooked beans fullfil the FAO/WHO amino 

acid requirement for adults. In legumes, lysine is higher than sulphur containg amino 

acids (Bhagya et al., 2007). Earlier, Agbede et al. (2005) expounded that jack bean C. 

ensiformis has 7.61 aspartic acid, 7.52 serine, 10.9 glutamic acid, 3.02 histidine, 4.29 

glycine, 6.33 threonine, 9.12 arginine, 6.08 alanine, 4.04 tyrosine, 6.03 valine, 6.28 

phenylalanine, 4.35 isoleucine, 7.35 leucine, 5.71 lysine, 1.27 cystene and 1.63 g/16 g 
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N methionine whilst devil bean M. pruriens protein contains 9.55 aspartic acid, 11.8 

serine, 18.0 glutamine, 3.40 histidine, 6.06 glycine, 6.85 threonine, 11.4 arginine, 11.5 

alanine, 8.02 tyrosine, 8.34 valine, 8.70 phenylalanine, 8.76 isoleucine, 8.49 leucine, 

9.31 lysine, 1.83 cysteine and 1.96 g/16 g N methionine.  

Total essential amino acids in Nigerian legume fall between 42.1 to 48.3%. The 

amino acids like arginine, leucine, phenylalanine, histidine, methionine and threonine 

are in sufficient amounts (Olaleke et al., 2006). The percentage ratio of essential to 

total amino acids of S. stenocarpa protein isolates are 45 to 47% that is above than 

36% considered adequate for an ideal protein. Glutamic and aspartic acids are the 

major amino acid in the S. stenocarpa protein isolates (Arogundade et al., 2009). 

Bambara bean flour and respective protein concentrates are high in lysine and leucine 

while deprived in tryptophan and sulphur containing amino acids. The lysine and 

leucine contents are 7.33 and 9.05% for bambara bean flour and 6.98 and 9.71% for 

bambara bean concentrate, respectively. Similarly, glutamic acid (14.74-15.56%) and 

aspartic acid (12.37- 12.81%) are the major non-essential amino acids (Mune et al., 

2011).  

Cooked chickpeas are superior in lysine, isoleucine and total aromatic amino acid 

contents than the FAO/WHO standards. Additionally, chickpea protein is rich in 

essential amino acids such as isoleucine, lysine, total aromatic amino acids and 

tryptophan (Alajaji and El-Adawey, 2006). Methionine + cystine, therionine and 

lucine are the first, second and third limiting amino acids in chickpea. While 

methionine + cystine, therionine and lysine are the first, second and third limiting 

amino acids in microwave cooked chickpea (Arab et al., 2010). The essential amino 

acids profile of broad bean flour is similar to soybean except lower 

methionine/cystine and higher lysine contents (Mortuza et al., 2009). 

In contrary, chickpea contains all essential amino acids in appreciable amounts except 

sulphur containing amino acids and tryptophan (Zia-ul-Haq et al., 2007). Red kidney 

beans  have glutamic acid 10.2g/100g, aspartic acid 9.5g/100g, cysteine 1.2g/100g, 

methionine 1.7g/100g, histidine 3g/100g, alanine 4.4g/100g, glycine 5.2g/100g, 

threonine 3.4g/100g, proline 3.3g/100g, isoleucine 3.7g/100g, tyrosine 3.1g/100g, 

phenylalanine 4.6g/100g, valine 4.1g/100g, serine 3.1g/100g, arginine 6.9g/100g, 
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lysine 7g/100g and leucine 7.2g/100g (Audu and Aremu, 2011). Cowpea is high in 

methionine and threonine. Glutamic acid and aspartic acid are found to be the major 

non-essential amino acids. The essential amino acids are maximum in cowpea while 

maximum non-essential amino acids are found in lentil (Iqbal et al., 2006). Broad 

bean has methionine/cystine as the limiting amino acids. However, all other essential 

amino acids fulfill the children's requirements though the contents are lower than egg 

(Mortuza et al., 2009). In a research investigation, Wang and Daun (2006) revealed 

that tryptophan is the most deficient amino acid and the sulphur-containing amino 

acids are the second limiting factor in lentils.  

The presence of essential amino acids in sufficient amount increases the nutritive 

value of the protein. The data on the amino acid pattern of total seed protein showed 

that tryptophan is the first limiting amino acid in lentils (amino acid score 64) 

followed by the sulphur containing amino acids with amino acid score of 83 (Wang 

and Daun, 2006). Microwave treatment does not impart any negative effect on the 

amino acid profile however, degree of dry heat processing is critical for essential 

amino acids (Gurumoorthi et al., 2008; Hadjipanayiotou and Economides, 2001). 

2.3. Anti-Nutritional Factors 

The anti-nutrients like trypsin inhibitors, phytic acid, saponins, heamagglutinins and 

tannins are some of the undesirable components in legumes that could hinder 

utilization of protein and carbohydrate. Inactivation of these anti-nutrients is vital to 

enhance the nutritional quality and sensory acceptability of beans and in turn helps to 

effectively exploit their potential as food and animal feed. Different processing 

methods such as boiling, hydration and germination are used to inactivate the anti-

nutrients (Shimelis and Rakhshit, 2007). Legumes exhibit several anti-nutrients such 

as flatulence causing protease inhibitors, saponins, tannins, lectins, phytic acid and 

lathyrogen that diminish nutrient consumption and intake of food (Jain et al., 2009). 

Trypsin inhibitor activity in black gram varied from 76.8 and 82.6 units/g. Saponins 

content ranged from 9.2 - 21.4 mg/g with mean value 14.3 mg/g. Phytic acid varied 

from 1.7 - 9.0 mg/g whilst mean phytic acid content of 5.6 mg/g (Suneja et al., 2011). 

The legume, jack bean C. ensiformis contain phytin content 11mg/100 g while the 

phytin-phosphorus is 3.1 mg/100 g. All the processing methods inactivate the lectins 

while cooking totally inhibits the trypsin inhibitor activity (Agbede et al., 2005).  
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Tannins hinder the functionality of some enzymes like trypsin, amylase and lipase by 

forming insoluble complexes with protein and divalent ions such as Fe2+ and Zn2+ 

thereby reducing their absorption in the body. The total polyphenols concentration is 

1.0, 0.52-0.85 and 0.35-0.75% for the raw, soaked and toasted tigernut, respectively. 

The alkaloid content of raw soaked and toasted tigernut are 2.63, 2.29-2.55 and 1.93-

2.30%, respectively (Adekanmi et al., 2009). The ‘oze’ seeds comprised of eleven 

anti-nutritional factors. Other then total phenols and trypsin inhibitors (37.3TIU/100g) 

all the remaining anti-nutrients concentrated in the hull rather than edible portion. All 

anti-nutrients except phytates and oxalates are removed by malting (Nwosu, 2011). 

Anti-nutritional compounds reduce food intake and nutrient utilization as well as 

lower the nutrient value of grain legumes. They may occur naturally like 

glucosinolates in mustard and rapeseed while trypsin inhibitors and hemaglutinins in 

legumes (Duranti, 2006; Gilani et al., 2005). 

Cowpea contains anti-nutritional factors like protease, lectin, phytic acid and tannins 

that are injurious to health (Preet and Punia, 2000). Mucuna beans have prominant L-

dopa content (7.0g/100), total phenols 7.1g/100, trypsin inhibitor activity 5.1TIU and 

phytates 0.9g/100. All processing methods except roasting decrease L-dopa by > 95% 

(Mugendi et al., 2010). 

Broad beans contain more polyphenols than common bean samples being bound to 

globulins. Nevertheless, protein bound polyphenols are reduced after cooking 

(Carbonaro et al., 2000). In broad beans, tannins ranged from 1.95-2.87g eq. catechin 

(CE) kg-1, polyphenols 4.81-7.21g/kg, phytate 12.7 to 14.3 mmol/kg, trypsin inhibitor 

activity 4.12–4.38 TIU/ mg and haemaglutinating activity from 51.3- 57.2 HU/ kg 

(Almeida et al., 2008). The presence of high level of dietary trypsin inhibitors from 

soybean, kidney bean, or other grain legumes may cause substantial reduction in 

protein and amino acid digestibility in experimmental rats (Gilani et al., 2005).  
Phytic acid content varies from 6.2 to 8.8g/kg dry matter in lentil varieties with a 

mean value of 7.7 g/kg dry matter (Wang and Daun, 2006) whereas, trypsin inhibitor 

activity ranges from 1.91 to 2.77 mg/g sample and mean tannin contents are 4.7g/kg 

dry matter (Wang et al., 2009). Cooking eliminates anti-nutritional factors like trypsin 

inhibitor, haemagglutinin activity, tannins, saponins and phytic acid in chickpea 

(Alajaji and El-Adawey, 2006). Tropical grain legumes such as faba bean, kidney 

bean, jack bean and grass pea contain several anti-nutritional compounds, some are 
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hepatotoxic and neurotoxic. The major anti-nutritional compound in mucuna bean is a 

non-protein amino acid, 3, 4-dihydroxy-L-phenylalanine L-dopa (Mugendi et al., 

2010). 

The phytic acid concentration in the pea, cowpea, lentil, kidney bean, and chickpea 

are 9.02, 6.83, 11.5, 10.99, and 8.40 mg/g, respectively. Radiation treatment at dose 

levels of 5, 7.5 and 10 kGy considerably reduce the phytic acid content of peas by 8.9, 

11.4 and 17.2%, respectively. Similarly, reduction of phytic acid in cowpea is 8.6, 

11.4 and 14.8 whilst in lentil 15.1, 25.2, 32.7%; kidney beans by 7.5, 14.2 and 6.9%; 

chickpea by 6.5, 11.5 and 20.2%, respectively (El-Niely, 2007). 

In rice bran, trypsin inhibitor, haemagglutinin-lectin and phytates are the main anti-

nutrients (Tangendjaja et al., 2006). Heat labile anti-nutrients can competently be 

denatured using high temperature either with wet or dry heat. Anti-nutrients diminish 

protein and amino acid digestibility up to 50% in the digestive tract (Gilani et al., 

2005). Phytates (1,2,3,4,5,6-hexaphosphate of myoinositol) bind metals forming 

insoluble complexes thus stop the absorption and availability of nutrients 

(Abdelrahaman et al., 2007). Furthermore, they decrease the bio-availability of 

several minerals, vitamins and amino acids mainly lysine, methionine, arginine and 

histidine.  

Haemaglutinin-lectins are the toxic proteins present in rice bran, agglutinates 

mammalian red blood cell metabolites. Haemaglutinins are gloubulin protein while 

lectins are glycoprotein in nature (Sridhar and Seena, 2006). Thermal processing 

denatures the naturally occurring anti-nutrients and extensively been used for 

reducing the nutritional inhibitors in plant based foods thus increase the nutritional 

value of protein products (Seena et al., 2006).  

2.4. Legume Protein Isolates 

Isoelectric precipitation (IEP) is frequently used technique for the extraction of 

legume proteins (Boye et al., 2010b). Earlier, Rangel et al., (2004) indicated that 

cowpea protein isolates (CPI) were obtained by isoelectric precipitation from defatted 

cowpea meal. Proteins are isolated from chickpea flour by isoelectric precipitation 

technique, protein content ranged from 84.8-87.8% (Paredes-Lopez et al., 2006). In 

chickpea, globulins fraction is 41.79% followed by albumin, glutelin and prolamin i.e. 

16.18, 9.99 and 0.48%, respectively (da-Silva et al., 2001). Later, Mondor et al., 2009 



 
 

15

concluded that isoelectric precipitation is effective to produce protein concentrates 

with low phosphorous and phenolic contents. 

High pressure treatment causes intense surface hydrophobicity of protein isolates due 

to unfolding and reorganization of local proteins (Wang et al., 2008). Legumes 

dietary fiber affect gastrointestinal function and are associated with distinct 

physiological response including water holding capacity, viscosity, fermentability and 

the ability to bind bile acids (Schneeman, 2001). 

Protein isolates with meek flavor are used in wide range of applications including 

complimentary foods, remedial ingredient for cancer cure and cardiovascular diseases 

(Davis, 2004). Extrusion cooking changes the textural attributes of whey protein 

isolates (Tunick and Onwulata, 2006). Cold gel derivatized whey protein hydrolysates 

have well-defined functional properties as compared to local whey protein isolates 

(Resch and Daubert, 2002; Firebaugh and Daubert, 2005). Whey-soy based protein 

isolates showed superior foaming properties as they have ability to absorb rapidly air 

water medium (Sorgentini and Wanger, 2002). 

Germ protein isolates are abundant in lysine and minerals but lacking in cystein; used 

to manufacture lysine rich cereal based products (Zhu et al., 2006). Hemp (Cannabis 

sativa L.) protein isolates showed better amino acid profile but poor functionality 

thereby decreases its utilization (Tang et al., 2006). Nevertheless, enzymatic 

hydrolysis accelerates its food use (Yin et al., 2007). Chickpea and white bean protein 

isolates have high free radical scavenging activity and thermal stability; maintain their 

bioactivity after rigorous heat treatment (Arcan and Yemenicioglu, 2007). 

Extracted milkweed protein has similar amino acid profile to that of soybean flour 

with superior functional properties can be used as thickener and emulsifier (Hojilla-

Evangelista et al., 2009). Composite protein enriched flour is prepared by adding pea 

protein isolates in cereal flours. Rheological properties of resultant flour are altered by 

changing the ingredient concentrations in formulation and enzymatic treatment 

(Marco and Rosell, 2008). Application of heat treatment escalates nitrogen solubility 

index of broad bean proteins (El Fiel et al., 2003). Cupuassu (Theobroma 

grandiflorum) protein isolates have good functional properties characterized by high 

nitrogen solubility, foaming and emulsion ability (Carvalho et al., 2006). 

Enzymatically modified sesame (Sesamum indicum L.) protein isolates have higher 
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solubility and emulsion properties as compared to untreated isolates (Bandyopadhyay 

and Ghosh, 2002).  

Heat treated white bean and chickpea are used for protein extraction; thermally stable 

extracted proteins retain their bioactivity even after intensive heat treatment (Arcan 

and Yemenicioğlu, 2007). Defatted macadamia (Macadamia integrifolia) flour is rich 

in protein (30.40-36.45%) and carbohydrate; posseses better foaming capacity and 

other functional properties however, its molecular structure does not support a stable 

foam (Jitngarmkusol et al., 2008). 

2.5. Gel Electrophoresis (SDS-PAGE) 

In cowpea, globulins comprised of least 16 protein bands and the most noticeable fall 

within the molecular mass ranging from 44 to 63kDa. Araujo et al. (2002) revealed 

similar band pattern for globulin fractions of cowpea; most of the bands lies between 

49 to 63 kDa. Gel filtration chromatograms of the Mucuna bean protein isolates 

delineated major protein fractions with molecular weight of 15 and 40kDa while gel 

electrophoresis showed molecular weight of 17.3 and 36kDa (Adebowale et al., 

2007).  

In adzuki bean the main band seems at molecular weight of 45–50kDa. A high 

molecular weight protein greater than 60kDa also exists in the crude extract. Heat 

processing is directly affecting the protein pattern in the adzuki bean. The protein 

bands with apparent molecular weight of 50kDa are reduced when heated at 90oC 

(Klomklao et al., 2010). The main bands in Phaseolus lunatus protein isolate are 

concentrated at 25.6, 26.8 and 37kDa whilst some bands are at 53 and 79.4kDa 

(Ancona et al., 2009).  

Pea protein electrophoretogram depicted bands ranging from 99 to 11.8kDa that are 

initiated mainly from legumin and vicilin as 11S and 7S globulins, respectively 

(Shand et al., 2007). Cranberry bean, light red kidney bean and the dark red kidney 

bean demonstrated bands with molecular weight of 63kDa while white, pink, pinto, 

great northern and small red bean protein isolates displayed at slightly lower 

molecular weight of 60kDa. Light red kidney beans showed intense bands at around 

35kDa. Recent research investigation indicated that pink bean, pinto and small red 

beans exhibited intense bands with a molecular weight of 27kDa. Nonetheless, extra 
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bands at 74 and 80 kDa are also found in small red bean (Rui et al., 2011). Similarly, 

staining showed a wide range of protein molecules approximately from 36 to 97kDa 

with main polypeptides i.e. 36, 45 and 55kDa are found in the whole protein. 

However, when protein is isolated; small fractions are removed. The major part of 

isolated protein from red kidney and navy beans is belonging to 50kDa whilst 55kDa 

is the major protein exists in the adzuki bean. Globular proteins are the most 

important portion in all legumes. Proteins with the molecular weight of 97kDa have 

low band intensity while the protein bands at 50kDa for red kidney and navy beans 

and 55kDa for adzuki bean are dependent on the isolation process (Sai-Ut et al., 

2009). 

Protein isolates in chickpea illustrated bands of both 7S and 11S protein subunits with 

major bands at 20–34 and 43–72kDa. Soy glycinin had at least four major polypeptide 

bands at 29, 38, 55 and 63.5kDa (Gamage et al., 2011). Earlier, Leon et al. (2007) 

observed that kidney beans have at least 12 proteins (globulins and albumins) with 

molecular weight ranging from 21 to 86kDa in the hardened and 16 to 86kDa in the 

fresh bean protein isolates. The main proteins are phaseolin or globulin G1 with a 

molecular weight of 49kDa being the most abundant (36 to 46%) followed by the 

phytohemaglutinin group including proteins of 22, 25, 26 and 31kDa. Previously, 

Paredes-Lopez et al. (2006) indicated that chickpea protein isolates had molecular 

weight distribution from 14.9 to 84.2kDa.  

2.6. Functional Properties 

Bambara groundnut flour and respective protein isolates having water absorption 

capacity i.e. 281.35 and 221.83%, respectively. Likewise the highest foaming capacity 

of resulting isolates is 210% at pH 9.0 whilst the highest foaming stability is observed 

at pH 6 after 120min. The highest emulsion stability (ES) is 70% after 48h at pH 3. 

Gelation of bambara flour and protein isolates of 20% (w/v) is 8 and 18%, 

respectively (El-tayeb et al., 2011). 

In cowpea, bulk density ranged from 0.69 to 0.80g/dm3. Water and oil absorption 

capacities varied from 1.89 to 2.15 and 1.95 to 2.31mL/g, respectively. Swelling 

power values ranged from 265 to 268% while foam capacity varied from 10 to 21mL 

(Appiah et al., 2011). Oil absorption capacity of jack bean flour, mucuna bean flour 

and bambarra groundnut flour is 1.7, 1.6 and 1.3mL/g, respectively. Water absorption 
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capacity of flour increases between ionic strength of 0–0.2M however, decreases with 

further increase in ionic strength (El-tayeb et al., 2011).  

Foaming stability is higher as the concentration of flour solution increases and 

maximum values of 80.5, 74.7 and 77min are observed for jack bean, bambarra 

groundnut and mucuna bean flours at 10% flour concentration. Mucuna bean flour has 

highest foaming capacity  of 68% at pH 2 while jack bean and bambarra groundnut 

flours have highest values of 50 and 61%, respectively at pH 10 (Adebowale and 

Lawal, 2003). 

Safflower protein isolate have water and oil absorption capacities of 2.22mL H2O/g 

protein and 2.77mL oil/g protein, respectively. Least gelation concentration is 20g/ kg 

at pH 2, 6, 8 and 10 but 100g/ kg at pH 4. Emulsifying properties are also affected by 

pH; emulsifying activity and stability are 82.5 and 100% at pH 6, respectively. The 

highest foaming capacity of 126% is observed at pH 2 (Ulloa et al., 2011). 

In marama bean flour heating considerably diminishes protein solubility and 

emulsifying capacity whilst water absorption capacity is enhanced. Nevertheless, 

foaming capacity is not affected by heating (Maruatona et al., 2010).  

Cashew nut protein isolates have higher water and oil absorption capacities 2.20mL/g 

and 4.42mL/g, respectively, emulsifying stability index 447%, foam capacity and 

stability 45 and 55%, respectively, and least gelation capacity 13.5% (Ogunwolu et 

al., 2009). Likewise, water absorption capacity, oil absorption capacity, foaming 

capacity, foam stability, emulsifying activity and protein solubility of mungbean 

ranged from 1.03 to 2.78g/g, 1 to 3.38 mL/g, 33 to 67.50%, 56 to 20%, 1.77 to 3.30 

m2/g and 28.7 to 65.52%, respectively (Li et al., 2010). 

The bulk density of black and red kidney bean flours ranged from is 0.515 and 

0.556g/ml, respectively. The small red kidney bean flour had the highest water 

absorption capacity (2.65g/g flour) while black bean flour showed the lowest i.e. 

2.23g/g flour. Emulsion capacity & stability and foaming capacity & stability were 

varied significantly. The highest apparent viscosity, 0.462 Pas was examined for small 

red kidney bean flour whereas black bean flour exhibited the lowest value of 0.073 

Pas at 30g/100 mL water content in the flour dispersion (Siddiq et al., 2010). 

Similarly, kabuli chickpea protein isolates have higher oil absorption capacity and 

lower water absorption capacity corresponding to desi chickpea protein isolates. 
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Foaming capacity of protein isolates increases with the increase in concentration. Oil 

absorption capacity of 2.08–3.96g/g is recorded for protein isolates prepared from 

chickpea varieties (Kaur and Sing, 2007). 

Oil absorption capacity of broad bean prepared by isoelectric precipitation is 1.6g/g 

higher than pea 1.2g/g and soy 1.1g/g protein isolates. Water absoption capacity of 

broad bean protein isolate is reported as 1.8g/g. The emulsifying activity of chickpea 

protein isolates is 63.7% whereas foam stability is 59.2%. Nonetheless, least gelation 

concentration is recorded as 140g/L (Boye et al., 2010a). 

 Kaur and Singh (2007) revealed least gelation concentration for various chickpea 

protein isolates ranging from 14 to 18%. Functional properties of extracted protein 

isolate i.e. solubility and emulsification is influenced linearly with increasing process 

temperature as a result of rearrangement of protein structure. High pressure treatment 

enhances surface hydrophobicity of protein isolates due to unfolding and 

rearrangement of proteins (Wang et al., 2008). Protein isolates of kidney beans are 

investigated for physico-chemical and structural properties. The results showed that 

moderate heating increases protein solubility, emulsifying and foaming activities 

while extensive heating diminishes these characteristics (Tang and Ma, 2009).   

Least gelation concentration, water and fat absorption capacities are 8.00, 83.86 and 

79.43%, respectively. Foaming capacity and foaming stability are 57.19 and 29.78% 

in broad bean. Furthermore, Mortuza et al. (2009) showed that malted-based blends 

have higher water absorption capacity and lower emulsification property whilst the oil 

absorption differed non-significantly. The addition of malted maize to cowpea 

significantly affected the gelation value of the mixture.  

Protein isolates from kabuli chickpea exhibited lower water absorption capacity 

(2.34g/g) than those obtained from desi chickpea cultivars. Oil absorption capacity of 

protein isolates ranged between 2.08 and 3.96g/g. Least gelation concentration for 

various chickpea protein isolates varied from 14 and 18%. Foaming capacity of 

protein isolates from different chickpea cultivars lies between 30.4 to 44.3% (Kaur 

and Singh, 2007). Kidney beans have proven high functional properties, e.g. gelation 

capacity, emulsifying activity and emulsion stability relative to soybean flour (Tang 

and Ma, 2009). Interestingly, micronisation of cowpeas severely affected the 
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functionality of protein, resulting in loss of foaming capacity (Mwangwela et al., 

2007). 

2.7. Bio-Evaluation of Legumes 

The nutritional potential of protein isolates is of prime importance for health care 

specialists; for efficacy purpose, rat bioassay has widely been used. Bio-evaluation of 

protein depends upon protein efficiency ratio (PER), net protein ratio (NPR) and 

relative net protein ratio (RNPR) while nitrogen balance study includes true 

digestibility (TD), biological value (BV) and net protein utilization (NPU) as 

described by Seena et al. (2006). Food ingested by experimental animals varies with 

protein level in the diet and the amount they need for metabolic and physiological 

functions (White et al., 2000). Generally, protein efficiency ratio greater than 2.0 

indicates good quality of protein (Sakanata et al., 2000).  

Processing techniques not only influence the extraction yield but the quality of protein 

too. Protein bioavailability is also dependent on processing technology (Lalles and 

Jansman, 1998). Protein concentrates from chickpea (Cicer arietinum) have protein 

efficiency ratio of 1.86 and relative net protein ratio of 77.4% (Ulloa et al., 2006).  

The biological value, net protein utilization, protein efficiency ratio and feed 

efficiency ratio of the formulated samples are significantly higher than traditional 

weaning food. However, the values are lower than the commercial available infant 

complementary formula (Ijarotimi, 2008). The valus for average true protein 

digestibility for cowpea, navy bean and control diets are 73.7 to 87.5%, 62.6 to 78.2% 

and 98.1%, correspondingly (Jackson, 2009). 

The true digestibility (TD), biological value (BV) and net protein utilization (NPU) of 

raw beach bean flour and casein are 42.26 vs. 90.8, 37.55 vs. 88.94 and 16.88 vs. 

80.76, respectively (Seena et al., 2005). Significantly, the in vivo digestibility of 

kidney bean protein is 72.4% that is not affected by cooking. In contrast, the 

digestibility of broad bean protein is decreased from 86.5 to 60.6% by thermal 

treatment (Carbonaro et al., 2000).  Considering the importance of baby foods, Essien 

et al. (2010) conducted a research trial on three traditional Nigerian complementary 

foods and revealed higher BV values of 86.10±6.78, 84.30±0.62 and 72.70±5.34%, 

respectively. NPR and PER of rats fed on Nutrend (diet) are significantly higher than 

local diets while rats on the basal diet has a negative PER value of -1.02±0.68. 
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Similarly, African yam bean protein isolates have high true digestibility. NPR, PER, 

protein retention efficiency (PRE), net protein value (NPV), nitrogen efficiency ratio 

(NER) and RNPR of the ungerminated seeds are significantly lower than those of 

germinated seeds however, their NPU is not differed significantly (Francis et al., 

2009). Previously, Bhagya et al. (2006) observed an increase in PER, NPR, protein 

retention efficiency PRE, TD, BV and NPU in cooked Canavalia cathartica than raw 

form.  

Likewise, Alajaji and El-Adawey, (2006) revealed that PER was enhanced 

considerably by cooking. Rangel et al. (2004) explicated that diet containing cow pea 

protein isolates showed a positive nitrogen balance, NPR of 0.7 and digestibility of 

87%. Afterwards, Ingbian and Adegoke (2007) delineated that soybean blended foods 

have PER of 1.6–2.19 that is higher than 0.2 to 1.5 for groundnut enriched products. 

Adjusted protein efficiency ratio (A-PER) are 1.86 and 2.14 for chickpea protein 

isolates and isolates plus methionine, respectively. RNPR is 77.4% for the isolate and 

81.3% of ANRC-casein supplemented isolate (Ulloa et al., 2006). Likewise, Vadivel 

et al., (2010) elucidated PER (2.66), TD (73.35%), BV (70.51%), NPU (56.48%) and 

UP (39.16%) in experimental diet enriched with sword beans. 

The SSF (solid state fermentation) process increased the protein digestibility, protein 

efficiency ratio, net protein retention, calculated protein efficiency ratio and protein 

digestibility corrected amino acid score in chickpea (Bejarano et al., 2008). Protein 

efficiency ratio, true digestibility, biological value, net protein utilization and 

utilizable proteins of gila bean seeds are significantly improved by autoclaving 

treatment compared to other processing methods such as cooking and roasting 

(Vadivel et al., 2008). 

In a research exploration, PER 0.26-0.43, NPU 79.8-83.1 and BV 0.62-0.73 of 

complementary food prepared from sorghum and African yam bean have been 

reported (Ijarotimi O.S, 2006). Cooked bean diet resulting in higher TD, BV and NPU 

values than raw bean diet of Canavalia maritime (Bhagya et al.,2009). PER, TD, BV, 

NPU and utilizable proteins of velvet bean proteins are significantly improved by 

autoclaving compared to other processing techniques (Vadivel and Pugalenthi, 2007). 

The enhancement of PER of processed legume seeds at maximum radiation dose of 

10kGy is recommended for food preservation (El-Niely, 2007). Protein bioavailability 

is assessed by growth and nitrogen balance studies (Ekanayake et al., 2000). Food 
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products are tested through in vivo assay to estimate their inherent potential for 

growth and normal metabolic activity. The protein efficiency signifies protein quality 

intended for human use especially for growing infants (Gropper et al., 2005).  Protein 

efficiency ratio more than 2.0 showed good quality of protein (Sakanata et al., 2000). 

Cooking increases protein digestibility of legumes without any hazardous effect on 

nutritional quality (Naveeda and Prakash, 2004). Coconut protein isolates have PER 

2.48 and protein digestibility 94.02% as compared to full fat and defatted coconut 

meal with values of 1.98 - 2.18 and 88.75 - 89.30 for respective traits (Mepba and 

Achinewhu, 2003).  

Bioactivity of whey protein isolates increases with enzymatic and thermal treatment; 

hydrolysates indicating high angiotension converting enzyme (ACE) inhibitory 

activity and capable of reducing arterial blood pressure (da Costa et al., 2007). Protein 

samples of mangrove legume after roasting and pressure cooking induce NPR of 

1.32±0.04 and 1.43±0.06, respectively with that of casein i.e. 2.62±0.08, whereas BV 

for the diets are as 46.68±2.43, 48.31±1.58 and 87.96±0.57%, respectively (Seena et 

al., 2006). Wheat supplementation with legume flour or isolates resulted in nutrient 

rich food for infants and elderly people. Prepared complementary food with the 

combination of ingredients resulting in NPU and PER vaues of 68.2±1.9% and 

2.8±0.1 respectively, compared with that of control diet i.e. 73.5±1.8% and 3.0±0.01 

(Baskaran et al., 2001). Protein efficiency ratio of extruded corn soy based 

supplementary food (3.39±0.02) is closer to control value (3.31±0.14) owing to rich 

nutrient profile thereby supporting better growth in test animals (Baskaran and 

Bhattacharaya, 2004). Earlier, Babajide et al. (2001) indicated that pre-gelatinized 

cassava based complementary food with malted sorghum and sprouted soy expounded 

BV of 79.75±0.38 as compared to 80.89±0.42 of cerelac with no side effects. 

2.8. Complementary Foods 

It is necessary to encourage complementary feeding practices through easy 

accessibility and utilizing cheap native high quality complementary foods (Anigo et 

al., 2009). Protein energy malnutrition occurs during the critical interim phase when 

children are moving from liquid to semi-solid or fully adult foods. During this period, 

baby needs nutritionally balanced, calorie dense complementary foods other than 

mother’s milk because of increasing nutritional requirements (Umeta et al., 2003).  

When infants are up to six months of age, the supply of energy and certain nutrients 
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from breast milk is not sufficient to meet their requirements. Thus, complementary 

foods with relatively high energy and nutrient density must be provided after six 

months of age till the baby is ready to eat the food (Gibbs et al., 2011). Nutrition and 

formulation of complementary foods gained high attention by the nutritionists and 

formulators than other food products. Absorbance of nutrients from infant food in 

gastrointestinal tract is as important as the adequacy of nutritional elements 

(Fernandez et al., 2002). Protein content may varied with roasting, enzymatic 

treatment and drum drying that are used for infant food preparations however, in vitro 

protein digestibility is not affected by the type of processing (Perez-Conesa et al., 

2002).  

The complementary period is the most important one in the life of infants and 

preschoolers. During this period covering from 4–6 months up to 3 years, breast milk 

alone could not meet the rising nutritional requirements. In response, complementary 

foods are usually given to infants (Egounlety, 2002). Pre-gelatinization of tuber crop 

flour prior to incorporation alters product texture with superior functional and sensory 

properties.  Moreover, it is also useful to instinctive starch as readily available 

carbohydrates for complimentary blends of cereal flours and protein isolates 

(Bukusuba et al., 2008; Jisha et al., 2008). Corn-soy based extruded flour along with 

plantain has fair texture and water absorption capacity that is helpful to obtain desired 

viscosity of the resultant product (Njoki and Faller, 2001; Baskaran and 

Bhattacharaya, 2004).  

Legumes are used as vital ingredient in complementary foods to improve their 

nutritional quality and amino acid profile (Zanna and Milala, 2004). Cereal flours are 

used as the basic ingredient for infant formulations along with dry milk and 

indigenous legumes (Egli et al., 2003). Interestingly, not only the recipe but the 

functional properties and intact nutritional status are also important for 

complementary food production (Nasirpour et al., 2006). Among legumes, lentil is 

used alone or supplemented with cereal diets to manufacture protein enriched 

complementary foods (Al-Kaisey et al., 2000).   

Complementary food fortified with lipid based nutrient supplement has numerous 

benefits as it does not need any major alteration in dietary practices thus  allows the 

infant to obtain  full dose of micronutrients with high acceptability (Adu-Afarwuah et 

al., 2008). Array of complementary foods comprised of milk ingredients, protein 
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isolates and amino acid fortified formulas are available commercially (Nasirpour et 

al., 2006).  

In developing countries, complementary foods are made from cereals or root crops. 

Imported foods are not generally used by low income rural families due to high cost. 

To enhance the quality of children’s diet in Southern Ethiopia, two complementary 

foods are manufactured based on corn and an indigenous root crop (Enset 

ventricosum) called kocho. There is also a possibility that kidney beans and pumpkin 

pulp are incorporated to enhance the protein quality and vitamin A level of weaning 

food (Abebe et al., 2006). 

Department of health in UK recommended to start complementary foods from 6 

months of age to onward though many mothers give complementary foods before this 

period (Bolling et al., 2007). The micronutrients of the food samples when compared 

with industrially treated cereals, showed that though some contents could supply 

considerable quantity of energy and nutrients but they are scarce in calcium and 

vitamin C that are vital for infants (Henry-Unaeze, 2011).  

It has been observed that growth and bone mineral contents are higher in infants 

feeding on nutrient enriched preterm formula as compared to those who rely on 

standard infant formulation (Carver et al., 2001). In developing countries, 

complementary foods are mainly prepared from cereals with animal proteins being 

used as supplements. However, because of the high cost of animal protein attempts 

have been made to look into alternative sources especially from plants (Obatolu and 

Cole, 2000).  

 Fernandez et al. (2002) explicated that complementary foods with soy based formula 

have the highest amount of essential fatty acids and protein though they did not meet 

the  recommended daily allowance (RDA) of calcium and zinc. Complementary foods 

are vital source of micronutrients for infants; iron, zinc, phosphorus, magnesium, and 

calcium are identified as important micronutrients and must be supplied through 

feeding practices (Onabanjo et al., 2008).  

Infancy is a time of rapid transition from a diet of virtually nothing but milk (either 

breast milk or infant formula) to a varied diet from nearly all food groups being 

consumed on a daily basis by most of the infants (Grummer-Strawn et al., 2008). 

Complementary food mixtures are prepared with maize using extrusion cooking. 
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Furthermore, the maize is fortified with cowpea and soybean at a ratio of 45:35 and 

55:25%, respectively (Obatolu and Cole, 2000). Breast feeding is highly 

recommended for the first six month of infants afterwards complementary feeding is 

necessary. In contrary to developing nations, industrially produced high quality food 

is an integral part of the daily diet of the infants and toddlers in developed world 

(Melo et al., 2008). 

Rice based hydrolyzed formula is used to nourish infants showing cow milk allergy 

that render them susceptible to illness (Chandra, 2002; Fiocchi et al., 2006). 

Homemade complementary foods are beneficial source of macro and micronutrients 

to infants (Mosha et al., 2000). Special infant foods are used as carrier of therapeutic 

ingredients aiming to get numerous health benefits. Legumes are used as a vital 

ingredient in complementary foods to improve their nutritional quality and amino acid 

profile (Jirapa et al., 2001; Zanna and Milala, 2004). It has been observed that blend 

of cereals, legume and starchy staple makes a nutritive formulation rich in minerals 

and protein (Nnam, 2000).  

Similarly, pearl millet, cowpea and groundnut flour mixture are processed into 

complementary food with moderate shelf life and low microbial load, addition of malt 

adds taste and flavor too (Badau et al., 2005). Likewise, fermented or roasted maize 

flours are fortified by different legumes to improve the protein quality and formulate 

inexpensive complementary foods (Sanni et al., 2001; Osundahunsi and Aworh, 

2002).   

Maize, peanut and soy blend has high hedonic response observed through ‘Home Use 

Test’. However, color of the final blend varies with operating temperature and 

moisture (Plahar et al., 2003). The blends varied in protein content from 17.5-20% 

and lipid 7.8-9.1% due to differences in raw materials and are capable of fulfilling 

about one-third of daily infant requirements (Mensa-Wilmot et al., 2003). Mineral 

availability and dietary fiber content of infant foods depend on the product design 

including type and relative proportion of ingredients and their processing (Olivares et 

al., 2001). 
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CHAPTER 3 

MATERIALS AND METHODS 

 
3.1. Materials 

Chickpea, lentil, broad and kidney beans were procured from the Pulses Research 

Institute, Ayub Agricultural Research Institute, Faisalabad. Cereal flours (wheat, 

maize and rice) and remaining ingredients of the complementary food were purchased 

from local market, Faisalabad. Reagents were procured from Merck (Merck KGaA, 

Darmstadt, Germany) and Sigma-Aldrich (Sigma-Aldrich Tokyo, Japan).  

3.2. Preparation of Raw Material 

Initially chickpea, lentil, broad and kidney beans were cleaned to remove dust and 

other foreign materials.  

3.3. Antinutrients 

Antinutrients present in the legumes causes hindrance in the bioavailability of certain 

dietary components. The samples were homogeneously mixed with calcium 

hydroxide solution (20%w/w) to analyze the antinutrients present in legumes. 

Accordingly, standard procedures were adopted for haemagglutinin-lectin activity, 

trypsin inhibitor and phytates.  

3.3.1. Haemagglutinin-Lectin 

Haemagglutinin lectin activity was estimated by Rabbit Erythrocyte Agglutination 

Test (Benedito-de and Barber, 1978). Lectin activity was determined in 

haemagglutinin units (HU) as indicated by Tan et al. (1983). 

3.3.2. Trypsin Inhibitor 

Legume samples were mixed with 0.05N HCl in a Sorvall Omni Mixer (Ivan Sorvall, 

Inc., Newtown). The resultant slurry was centrifuged (M-3k30, Sigma, Germany) 

followed by addition of trichloroacetic acid (TCA) to the supernatant and 

recentrifuged. After neutralization, the enzyme inhibitory response was assessed 

(Decker, 1977). 
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3.3.3. Phytates 

Phytic acid content of legume samples was determined by following the protocol of 

Haug and Lantszch (1983). Prepared samples were heated with acidic ammonium 

iron-III sulphate solution of known concentration. The reduction in iron content of 

supernatant was indicated as phytate content using 2,2 bipyridine at wavelength 

519nm through spectrophotometer (CE 7200-7000 series, Cecil, UK). 

3.4. Inactivation of Anti-Nutrients in Legumes  

Inactivation of antinutrients in the selected legumes was carried out following the 

method of Shimelis and Rakshit (2007). Legume samples (100g) were soaked at 

room temperature for 12 h (overnight) in distilled water (pH 6.9) and sodium 

bicarbonate solution (0.05%, pH 8.2). The seed-to-solution ratio was 1:3 (w/v). The 

unabsorbed liquid was drained off, treated seeds were dipped twice in distilled water. 

After soaking for 12 h, the seeds were rinsed with distilled water and cooked (water = 

two times the weight of soaked seeds) followed by cooking of pre-soaked seeds was 

performed at 97 °C. The cooking water was drained off, and the seeds were rinsed 

twice in distilled water, crushed and lyophilized at temperature -60°C under vacuum 

0.03 bar (Freeze dry system, Christ, Germany). The lyophilized samples were ground 

(60mesh) and stored in air tight bottles at 4°C for further analysis. 

3.5. Proximate Analysis 

Legume samples were analyzed for crude protein (Method no. 46-30), crude fat 

(Method no. 30-25), crude fiber (Method no. 32-10), ash (Method no. 08-01) and 

nitrogen free extract (NFE) on dry weight basis following their respective protocols 

mentioned in AACC (2000).  

3.5.1. Crude Protein (CP) 

Nitrogen content in legume samples was determined by Kjeltech Apparatus (Model: 

D-40599, Behr Labor Technik GmbH Germany). The protein percentage was 

measured by multiplying nitrogen with conversion factor 6.25 (Shih et al., 1999). 

3.5.2. Crude Fat (CF) 
Crude fat content was estimated using Soxtec System (Model: HT2 1045 Extraction 

Unit, Hoganas, Sweden) with continuous refluxing of respective sample using solvent 

n-hexane. 
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3.5.3. Crude Fiber (CF) 

Crude fiber content of legumes was measured by digesting the sample in 1.25% 

H2SO4 and 1.25% NaOH solution through Raw Fiber Extractor (Velp scientifica, 

Italy). 

 3.5.4. Ash Content 

For each legume, ash contents were estimated by burning 3g sample in a Muffle 

Furnace (MF-1/02, PCSIR Pakistan) at 550ºC. 

3.5.5. Nitrogen Free Extract (NFE) 

NFE was calculated according to the following expression: 

NFE = 100 – (% Crude Protein+ % Crude Fat+ % Crude Fiber+ % Ash) 

3.6. Preparation of Legume Protein Isolates  

Protein isolates were prepared following the method of Makri et al. (2005) as 

mentioned in Fig1. The flour of different legumes was defatted with n-hexane 

followed by dispersion in distilled water (1/10) and pH adjusted at 9.5. After 

centrifugation (4000rpm) for 20min, supernatant will be collected. Later, the 

supernatant was adjusted to pH 4.5 for protein precipitation recovered by 

recentrifugation then neutralized and freeze dried. 

3.7. Protein Isolates Assay  

3.7.1. Protein Content  

The nitrogen percentage was measured by Kjeltech system and the protein was 

calculated by multiplying percent nitrogen with conversion factor 6.25. 

3.7.2. Isolate Recovery 

Recovery of legume protein isolates was estimated as weight of protein isolates attained after 

isoelectric precipitation per 100g weight of respective legume (Wang et al., 1999). 

3.7.3. Protein Yield   

Protein yield was calculated by the following formula using isolate recovery, protein content of 

isolate and parent legume (Wang et al., 1999).  

Yield = Isolate recovery × Isolate protein (%) × 100 

                                                                   Legume protein (%) 
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Figure1: Systematic flow sheet for legume protein isolates recovery 
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3.8. Functional Properties  

3.8.1. Bulk Density 
Bulk density was determined by pouring 50g sample into 100mL graduated cylinder 

and shaked gently to attain constant volume. The result for bulk density was reported 

as g/mL (Siddiq et al., 2010). 

3.8.2. Oil Absorption Capacity  

Oil absorption capacity was measured by mixing 0.5g of respective legume sample in 

6ml of corn oil in centrifuge tube. The dispersion was stirred to dissolve the sample in 

oil. After keeping for a period of 30min, the tube was centrifuged for 25min at 3000g. 

The separated oil was removed by pipette and the tubes were inverted for 25min to 

deplete the oil before reweighing (Kaur and Singh, 2007). 

3.8.3. Water Absorption Capacity  

Water absorption was determined by mixing 3g of sample in 25mL of distilled water. 

The solution was stirred followed by centrifugation for 25min at 3000g. The resultant 

supernatant was decanted, excess moisture was removed and reweighed (Kaur and 

Singh, 2007).  

3.8.4. Foaming Properties 

Foaming properties were measured by mixing 1g of protein isolate with 50mL of 

distilled water and transferred to 250mL graduated cylinder. The foam formed was 

indicated as the foaming capacity (mL/100 mL). The final observation was made after 

60min for determining the foam stability (Siddiq et al., 2010). 

3.8.5. Emulsion Properties   

Emulsifying properties were measured by mixing 0.5g of protein isolate with 3mL of   

distilled water followed by addition of 3mL of oil and vigorously shaken for 5min by 

magnetic stirrer (Gallenham, England). The resulting emulsion was centrifuged at 

2000g for 30min. The volume of the emulsified layer divided by whole slurry and 

multiplied by 100 resulted in the emulsifying activity (mL/100mL). To determine the 

emulsifying stability, the homogenized mixture of protein isolate, water and oil were 

heated at 80oC followed by centrifugation at 2000g for 30min. It was calculated as 

volume of the emulsifying layer divided by heated slurry multiplied by 100, reported 

as mL/100 mL (Siddiq et al., 2010). 
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3.8.6. Nitrogen Solubility Index (NSI) 

To determine the nitrogen solubility index (NSI), protein solutions were formed with 

deionized water and pH was adjusted within the range of 2 to 12 (0.01N HCL or 

NaOH solutions). Samples were agitated for 30min (120rpm, 30ºC) followed by 

centrifugation (2000g). Nitrogen content of supernatant was measured and nitrogen 

solubility index was estimated as percentage (Shand et al., 2007). 

3.8.7. Least Gelation Concentration (LGC) 

For determining the least gelation concentration of respective legume protein isolate, 

dispersions of 2, 4, 6, 8, 10, 12 and 14g of protein isolate per 100ml water were made 

in 5ml of distilled water in test tubes and heated for 1 h in a water bath at 95±1oC. The 

heated dispersions were cooled to 10± 1oC. It was based on visual observation 

whether any drop from the emulsion slipped out to the top or not in inverted tubes. 

The results were expressed as no (−), complete (+), or partial (±) gelation. The partial 

gelation depicted as a result of broken or irregular-shaped drop (Siddiq et al., 2010).  

3.9. Gel Electrophoresis (SDS-PAGE) 

Resultant legume protein isolates were solubilized in sample buffer (250µL). The 

electrophoresis was performed using 12.5% separating and 4% stacking gel on Bio-

Rad Mini Protean 3 System (Bio-Rad Laboratories, Hercules, CA, USA). The loaded 

gels were run at constant voltage (60V) for 2.5 h till the front dye shifted thouroughly 

far down the gel. Staining of gels was carried out by using Coomassie Brilliant Blue 

(CBB) and destained with methanol water mixture (Tang and Sun, 2011). 

3.10. Amino Acid Profile 

Amino acids profile of legume protein isolates was performed according to Adeyeye 

and Afolabi (2004) by injecting calculated volume of the supernatant of the prepared 

samples using Amino Acid Analyzer (Model: L-8500 A, Hitachi, Japan) at 254nm 

however, for tryptophan samples were hydrolyzed in the presence of Ba(OH)2, 

isolated through gel filtration and colorimetrically analyzed. 

 3.11. Amino Acid Score  

Amino acid score of legume protein isolates was observed for aromatic amino acid 

(Phenyl-alanine + tyrosine), histidine, isoleucine, leucine, lysine, sulfur containing 
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amino acid (methionine + cysteine), threonine, tryptophan and valine using amino 

acid requirement for preschoolers (WHO/FAO/UNU, 2007; Gurumoorthi et al., 

2008). 

3.12. PDCAAS Value 

Protein digestibility corrected amino acid score (PDCAAS) was measured using the 

true digestibility of the respective legume isolates and the lowest value from the 

amino acid score by following expression (Kannan et al., 2001). 

 PDCAAS (%) = True Digestibility × lowest amino acid score 

3.13. Bio-Evaluation 

Bio-evaluation of legume protein isolates was conducted by feeding respective diets 

to different groups of Sprague Dawley rats along with control (casein and soy) and no 

protein diet (Table 1). Composition of vitamin and mineral mixture added in the diet 

is mentioned in Appendix I. Commercial soy protein isolate had protein content 

93.48% whereas for casein 96.35%. The diets were made iso-nitrogenous by 

maintaining the protein content of 10% level. Likewise, vitamin and mineral mixture 

was added. Nitrogen free mixture used in the instant study comprised of corn starch, 

sucrose and cellulose (Eggum, 1973). 

3.13.1. Housing of Rats  

For bio-evaluation study, thirty five male Sprague Dawley rats were purchased from 

the National Institute of Health (NIH), Islamabad and housed in the Animal Room of 

the National Institute of Food Science and Technology (NIFSAT), University of 

Agriculture, Faisalabad. The rats were divided into seven groups, five in each. The 

groups were fed on respective diets for a period of 10 days. The temperature (23±2ºC) 

and humidity (50±5%) were maintained throughout the experimental period with 12-

hr light-dark cycle. Spilled diet, feces and urinary excretion were gathered throughout 

the study. At the termination of trial, overnight fasted rats were decapitated and their 

bodies were oven dried. 
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Table 1.  Components of various diets used in the study 

Diet Constituents CPI 
 diet 

LPI 
diet 

BPI 
 diet 

KPI  
diet 

Soy  
diet 

Casein 
diet 

No 
Protein 

diet 

CPI 11.70 0.0 0.0 0.0 0.0 0.0 0.0 

LPI 0.0 14.02 0.0 0.0 0.0 0.0 0.0 

BPI 0.0 0.0 14.39 0.0 0.0 0.0 0.0 

KPI 0.0 0.0 0.0 16.36 0.0 0.0 0.0 

Soy Protein 0.0 0.0 0.0 0.0 10.69 0.0 0.0 

Casein (g) 0.0 0.0 0.0 0.0 0.0 10.37 0.0 

Corn oil (g) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Mineral mixture (g) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Vitamin mixture (g) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

N-free mixture (g) 77.30 74.98 74.61 72.64 78.31 78.63 89.00 

Total diet weight  (g) 100 100 100 100 100 100 100 
* All the diets contain 10% protein 
CPI – Chickpea protein isolates 
LPI – Lentil protein isolates 
BPI– Broad bean protein isolates 
KPI– Kidney bean protein isolates 

3.13.2. Feed Intake 

Feed intake of experimental groups was calculated on daily basis by eliminating 

spilled diet from the total diet consumed during the entire experiment (Wolf and 

Weisbrode, 2003). 

 3.13.3. Body Weight Gain 

Gain in body weight of each group was calculated for growth index owing to 

respective protein diet (Seena et al., 2006).  

3.13.4. Protein Quality Evaluation 
Net Feed intake and body weight achieve were employed to determine growth study 

parameters like protein efficiency ratio (PER), net protein ratio (NPR) and relative net 

protein ratio (RNPR). The spilled diet, feces, urinary outputs and dried rat bodies 

were analyzed for nitrogen content to estimate nitrogen balance study traits such as 

true digestibility (TD), biological value (BV) and net protein utilization (NPU) 
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following the procedure of Ingbian and Adegoke (2007). The whole trial was repeated 

again for validity of the results. 

3.14. Product Development 

3.14.1. Selection of Legume Protein Isolates 

Two best protein isolates were selected on the basis of overall yield, functional 

properties and bio-evaluation for further utilization in the complementary foods. 

3.14.2. Complementary Foods 

Selected legume protein isolates were combined with rest of the ingredients for 

formulating complementary foods (Table 2). Nevertheless, control formulation was 

also prepared based on commercial soy protein. The nutrient dense formulation used 

multiple flour mix phenomenon following the instructions of Espinola et al., (1998). 

Accordingly, Pregelatinized sweet potato flour was used as starchy source along with 

some other cereal flours i.e. wheat, rice and maize. 

After peeling, sweet potato pieces were cut into 1cm width and steamed in autoclave 

(10PSI, 5min). Later, treated pieces were oven dried at 70ºC. The dried pieces were 

crushed and sieved for uniformity in pre-gelatinized flour. Likewise, ingredients such 

as cereal flours (wheat, rice and maize), pregelatinized potato flour and protein 

isolates were blended in proportion as mentioned in (Table 2) to form a dry mix. 

Similarly, vegetable oil and Ronoxan A alongwith dry mix were drum dried gently 

(drum drier, 18inch dia. and 24inch length; Overtorn, Mathes Corporation, Indiana) at 

4-5rpm, 3.5kg/cm2 steam pressure. The resultant flakes were cooled at ambient 

temperature followed by grinding and mixing with rest of the ingredients including 

sugar, milk powder and vitamin/mineral mixture. The developed complementary 

foods were packed in light and moisture resistant aluminum foil bags and sealed with 

lab scale sealer (F-200, Impulse sealer). 

3.15. Analysis of Complementary FOODS 

3.15.1. Composition 

Complementary foods were analyzed for moisture, ash, crude protein, crude fat and 

nitrogen free extract (NFE) following their respective methods (AACC, 2000). 
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Table 2. Complementary food formulation 

Ingredients C1 C2 Control 

Sweet potato flour 22.51 23.32 24.21 

Wheat flour 12.78 12.78 12.78 

Rice flour 11.11 11.11 11.11 

Maize flour 5.56 5.56 5.56 

SP* 0.0 0.0 4.40 

LPI 5.19 0.0 0.0 

CPI 0.0 5.45 0.0 

Whole milk powder 24.28 24.28 24.28 

Sugar 8.89 8.89 8.89 

Vegetable oil 8.33 8.33 8.33 

Ronoxan A 0.01 0.01 0.01 

Vitamin-mineral mixture 0.10 0.10 0.10 
C1 – Complementary food based on LPI 
C2 – Complementary food based on CPI  
*Soy protein  
 

3.15.2. Energy Value 

Complementary foods as whole and per meal basis were estimated for gross energy 

using Oxygen Bomb Calorimeter (C-2000, IKA WERKE) following the guidelines of 

AOAC (2006). The protein and fat energy were estimated by physiological fuel 

values adopting Atwater’s conversion factors (4x%Protein, 9x%Fat) considering the 

protocol of Passmore and Eastwood, (1986). Additionally, nutrient density for 

respective macromolecules was calculated per 100kcal (FAO/WHO, 2006). 

3.15.3. Bulk Density 

Bulk density was determined by pouring 50g sample into 100ml graduated cylinder. 

The result for bulk density was reported as g/mL (Siddiq et al., 2010). 

3.15.4. Reconstitution Index 

Complementary food samples were blended with boiling water for 90sec and shifted 

to 250mL volumetric cylinder. The volume of deposited material was checked after 

10min as reconstitution index (Osundhunsi and Aworh, 2002). 
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3.15.5. Viscosity 

Viscosity of complementary foods slurry (40%) was measured by Rapid Visco 

Analyzer (Newport scientific, RVA surper 4, Australia) following the method of 

Bukusuba et al.  (2008).   

3.15.6. Amino Acid Analysis 

Complementary foods were probed for the quantification of amino acids according to 

the respective procedure (Adeyeye and Afolabi, 2004).  

3.15.7. Amino Acid Contribution 

The amino acid requirement was calculated on an average basis for 1-2year infants 

(Reeds and Garlick, 2003; WHO/FAO/UNU, 2007). The percent daily amino acid 

contribution from complementary food was estimated by the method of Egounlety et 

al. (2002).  

3.15.8. Protein Score 
Essential amino acid score was recorded for developed complementary foods 

following the instructions of WHO/FAO/UNU, (2007) for preschoolers, the lowest 

score was expressed as Protein score (Plahar and Hoyle, 1991).  

3.16. Sensory Evaluation 

Complementary foods i.e. C1 and C2 and control were evaluated for various sensory 

traits by trained taste panel using 15cm unstructured line for visual and taste 

characteristics (Meilgaard et al., 2007). The questionnaire comprised of three parts; 

questions for dry mix like visual parameters of color and texture; informations for 

visible traits for reconstituted complementary foods such as ease of preparation, 

smoothness and thickness whilst in the third portion asked about taste attributes like 

sweetness, taste, flavor and the overall acceptability. Periodic evaluation was carried 

out in the Sensory Evaluation Laboratory of NIFSAT, University of Agriculture, 

Faisalabad. For the purpose,   complementary foods were distributed in transparent 

cups, labeled with random codes along with warm water for reconstituting the 

complementary foods. Panelists were also provided with water to clear the taste 

between the samples evaluation. The samples were provided randomly to rate their 

acceptance by marking a cross on the line for all sensory traits. The data thus obtained 

was converted to numerical scores using metric scale. 



 
 

37

3.17. Acceptability Study 

Infants acceptability for complementary formulations was accomplished by short term 

feeding trial (Thathola and Srivastava, 2002). Complementary foods were given to the 

three groups of selected nursing mothers, ten in each, along with a questionnaire for 

fortnight study to record their infant acceptability response at four intervals i.e. 1st, 5th, 

10th and 15th day. Respondent mothers were randomly chosen from the Faisalabad 

district, having at least one infant of 6-24 months at the time of assessment with no 

obvious sign of handicap and regular consumer of traditional complementary food. 

Questionnaire was formulated based on five point hedonic scale; 1 = rejected, 2 = 

accepted only if hungry, 3 = moderately accepted, 4 = accepted, 5 = highly accepted. 

Short lecture sittings for respective mothers were planned in native language (Urdu 

and Punjabi) before starting the trial to provide know how regarding food preparation 

and record the infant feedback. Mothers were also requested to note general health 

features of their infants during entire study (Mosha and Vincent, 2004).  

 3.18. Statistical Analysis 

The collected data was statistically analyzed using Statistical Package (Costat-2003, 

Co-Hort, v 6.1.). Accordingly, level of significance was estimated by analysis of 

variance techniques (ANOVA) using completely randomized design (CRD). Means 

were further compared through Duncan Multiple Range test (Steel et al., 1997).  
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CHAPTER 4 

RESULTS AND DISCUSSION 
 

Protein is one of the important components of diet performing diversified role 

especially in growth, repair and maintenance of human body. Among plants sources, 

legumes are one of the major contributors of protein. Accordingly, the present 

research was designed to isolate protein from different indigenous legumes i.e. 

chickpea, lentil, broad and kidney beans following characterization of respective 

isolates for food application. In tested legumes, inactivation of anti-nutrients was 

carried out before protein extraction. Moreover, protein isolates were assessed for 

functional properties i.e. bulk density, oil & water absorption, gelation, emulsifying & 

foaming properties and amino acid profile. The amino acid score was also observed 

with reference to requisite profile for pre-schoolers. Bio-evaluation of these isolates 

was assessed by growth parameters i.e. protein efficiency ratio, net protein ratio & 

relative net protein ratio whereas nitrogen balance study comprised of true 

digestibility, biological value & net protein utilization using Sprague Dawley rats. On 

the basis of overall yield, functional properties and bio-evaluation, two best protein 

isolates were selected along with control for complementary food preparation. The 

developed weaning foods were analyzed for chemical composition, energy value, bulk 

density, reconstitution index, viscosity and amino acid. Alongside, sensory evaluation 

and infant acceptability response were also performed by short term infant feeding 

trial with the help of nursing mothers. The under discussion parameters and their 

results are elaborated in the coming section:  

4.1. Legumes Analysis  

4.1.1. Proximate Composition 

Proximate assay is an important criterion to assess the overall composition and 

nutritional status of any ingredient intended for food use. In this context, legume 

flours were analyzed for different quality attributes such as moisture, crude protein, 

crude fat, crude fiber, ash and nitrogen free extract (NFE). Mean squares for 

proximate composition (Table 3) showed significant variations among legume 

samples for moisture, crude protein, crude fat, crude fiber and ash content whereas, 

NFE showed non-momentous differences. Proximate profiling (dry weight basis) 
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indicated that moisture content ranged from 8.01±0.38 to 12.97±0.71% in different 

tested legumes. Crude protein content differed significantly, however, the value for 

this parameter remained high in lentil (31.12±1.68%) followed by chickpea 

(22.83±1.07%), broad bean (22.61±1.24%) and kidney bean (20.09±0.52%). The 

maximum crude fat was observed in chickpea (5.43±0.26%) that differed significantly 

from other legumes having values for this trait as 0.81±0.11 to 2.67±0.15%. Crude 

fiber and ash content ranged from 2.46±0.13 to 6.78±0.17 and 2.62±0.31 to 

3.85±0.10%, respectively (Table 4) whilst, NFE ranged from 52.63±2.22 to 

57.67±1.48%. 

Present findings regarding proximate composition are in conformity with values 

described in previous literature; however, slight variations may be due to varietal 

differences and environmental conditions. Chemical composition of lentil was also 

analyzed by Suliman et al. (2006) and observed that moisture, protein, fat, fiber and 

ash were 7-10, 32-33, 1-2, 2-4 and 2-3%, correspondingly in defatted samples of 

respective legume varieties. In another research, relative composition of moisture, 

protein, fat and ash of chickpea remained as 9, 23.08, 6.65 and 3.21%, respectively 

(Aurelia et al., 2009). Similar results were expounded by Ma et al. (2011), they 

reported protein 24.47%, fat 4.67% and ash 2.72%. 

Current results for broad bean samples are also in similitude with the findings of 

Tsoukala et al. (2006) found that moisture, crude protein, crude fat and ash were 14, 

26.7, 1.6 and 2.8%, respectively in different legumes. The data pertaining to present 

study are closely associated with the work of Mortuza et al. (2009), they delineated 

30.5, 3.22 and 3.61% crude protein, crude fat and ash contents, respectively. 

 Similarly, Sai-Ut et al. (2009) observed that moisture, protein, fat, ash and fiber were 

10.42, 17.37, 1.46, 4.14 and 7.86%, respectively in kidney bean. In array of 

investigations, variations in proximate composition of different legumes as lentil, 

chickpea and kidney bean have been observed owing to different environments, 

genotype and analytical methods. It was further reported that protein content was 

sensitive to rainfall, light intensity, length of growing season, day duration, 

temperature and agronomic practices (Bampidis and Christodoulou, 2011). As far as 

present study is concerned, the variations are attributed to utilization of indigenous 

varieties. Earlier, Zia-ur-Rehman and Shah (2005) worked on beans and legumes as a  
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Table 3. Mean squares for proximate composition of legumes  

SOV df Moisture Crude protein Crude fat Crude   fiber   Ash   NFE    

Legumes  3 14.109** 69.177** 11.001** 10.419** 0.836** 15.688ns 

Error 8 0.467 4.104 0.024 0.066 0.037 14.387 

Total 11       

** Highly significant; ns Non-significant  
 NFE=Nitrogen free extract 
 
 
 
Table 4. Proximate composition (%) of legumes  

Legumes Moisture Crude protein Crude fat Crude fiber     Ash    NFE 

Chickpea 8.01±0.38b 22.83±1.07b 5.43±0.26a 3.50±0.16b 3.04±0.14b 57.19±2.69 

Lentil 9.14±0.78b 31.12±1.68a 0.81±0.04c 3.68±0.43b 2.62±0.31c 52.63±2.22 

Broad bean 12.97±0.71a 22.61±1.24b 2.67±0.15b 2.46±0.13c 2.90±0.16bc 56.39±3.08 

Kidney bean 9.15±0.24b 20.09±0.52b 2.46±0.06b 6.78±0.17a 3.85±0.10a 57.67±1.48 
Means sharing the same letter in a column are not significantly different 
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source of protein, fiber, starch and other nutritional components. They elucidated that 

legumes provide good quality protein that acts as major contributor amongst phyto-

proteins. Conclusively, from nutritional point of view, tested legumes as lentil, 

chickpea, kidney & broad bean had good without any evident rise in lipid profile. It is 

obviousfrom the present exploration that legumes are nutritionally beneficial in terms 

of protein availability.  

4.2. Anti-Nutritional Factors 

Legumes may contain a wide range of constituents that have adverse effects on 

digestive enzyme activity, binding minerals and ultimately deteriorate nutrition and 

health. Protease inhibitors in various legumes as soybean, lima bean, common bean 

and chickpea have ability to retard proteolytic enzyme activity. Lectins are polymeric 

proteins present in common beans that bind to monosaccharide in glycoproteins of the 

cell membrane, causing lesions in the intestinal mucosa and reduced nutrient 

absorption (Ma et al., 2011). In this context, phytates, haemagglutinin-lectin and 

trypsin inhibitors were analyzed for their anti-nutritional perspectives in tested 

legumes. 

4.2.1. Phytates 

Phytic acid is chelator of important minerals as calcium, magnesium, iron and zinc 

etc. It interferes with their absorption & utilization and thereby contributes to mineral 

deficiency (Vasagam and Rajkumar, 2011). Mean squares for phytates of legume 

samples are described in Table 5. It is evident from the statistical results that phytate 

contents differed significantly in the treatments before and after heating.  

Means in Table 6 indicated that maximum phytates were present in kidney bean 

(21±0.54mmol/kg) followed by broad bean (20.50±1.12mmol/kg), lentil (3.50±0.21 

mmol/kg) and chickpea (1.00±0.05mmol/kg). Heat treatment dissociated phytate 

complex effectively thereby reducing phytate content in legume samples. After heat 

treatment, maximum value for this attribute was observed in kidney bean 

(6.54±0.17mmol/kg) followed by broad bean (4.73±0.26mmol/kg), lentil 

(0.73±0.03mmol/kg) and chickpea (0.31±0.01mmol/kg). Current findings are in 

agreement with Almeida et al. (2008), who observed that broad bean contains tannins 

ranged from 1.95 to 2.87g, polyphenols from 4.81 to 7.21g/kg, phytate from 12.7 to 

14.3mmol/kg and trypsin inhibitor activity from 4.12 to 4.38TIU/mg. The maximum 
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reduction of phytates in chickpea is observed by autoclaving, followed by boiling and 

microwave cooking (El-Adawy, 2002).  

Interaction of phytates with metals forms insoluble complexes resulting in impaired 

protein solubility and subsequent lower absorption (Abdelrahaman et al., 2007). 

Moreover, dehusking, germination, cooking and roasting have been shown to produce 

beneficial effects on nutritional quality of legumes. The commonest process of 

preparing pulses for consumption at the household level is to cook especially boiling 

in water. The levels of anti-nutrients were reduced by boiling of dry Indian bean 

(Vadivel and Janardhanan, 2000). 

Earlier, it was reported 38 & 41% reduction of phytic acid in white & brown tepary 

beans, respectively. Whereas, 53, 7 & 16% reduction was observed in fava, cow pea 

& chick pea, respectively after boiling. Phytic acid is documented to block absorption 

not only of phosphorus, but also other minerals such as calcium, magnesium, iron and 

zinc. It is also inversely associated with the absorption of lipids and protein (El-

Adawy, 2002). 

4.2.2. Haemagglutinin-Lectin 

Heat labile haemagglutinin is growth depressant even at lower level in foods and 

tends to be toxic at higher concentration (Liener et al., 1994). Mean squares for 

haemagglutinin-lectin of legume samples are depicted in Table 5. It is obvious from 

the statistical results that haemagglutinin-lectin content was affected significantly 

before and after heating. Means in Table 6 revealed that maximum haemagglutinin-

lectin content were present in broad bean (48.50±2.65activity/mg) followed by lentil 

(20.45±1.83activity/mg), chickpea (5.25±0.25activity/mg) and kidney bean 

(1.90±0.05activity/mg).  

It has been observed from the current study that heat treatment decreased 

haemagglutinin-lectin significantly. Highest decrease for this trait occurred in broad 

bean (10.90±0.60activity/mg) followed by chickpea (1.09±0.05activity/mg), lentil 

(0.89±0.05activity/mg) and kidney bean (0.88±0.02activity/mg) in Table 6. These 

results are in conformity with Almeida et al. (2008), they illustrated that 

haemagglutinin-lectin activity ranged from 51.3 to 57.2HU/kg. Moreover, there was a 

marked reduction in lectin activation owing to raw material heating. Germination and 

soaking reduce haemagglutinin-lectin in broad bean (Alonso et al., 2000). Microwave 
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heat treatment significantly reduces haemagglutinin-lectin activity in beans and 

legumes (El-adawy, 2002). However, in a previous study, it was not detected in 

protein isolates probably due to the slight protein mobilization that occurred at 

alkaline pH values (Fernandez-Quintela et al., 1997). 

4.2.3. Trypsin Inhibitor  

Among anti-nutrients, trypsin inhibitor has received core attention and reported to 

cause growth depression, poor feed efficiency and inhibiting digestive enzymes 

(Bahnassey et al., 1986). However, they can be inactivated at elevated temperature 

(Liener et al., 1994). Mean squares in Table 5 indicated significant variations in 

trypsin inhibitor activity before and after heating in different legume samples. Means 

showed that maximum trypsin inhibitor activity was in chickpea (10.50±0.49TIU/mg) 

followed by lentil (7.50±0.37/mg) and kidney bean (4.01±0.10TIU/mg). However, 

minimum value for this trait was observed in broad bean (3.35±0.18TIU/mg) as 

shown in Table 6. The highest decrease in trypsin inhibitor was detected in chickpea 

(2.00±0.09TIU/mg) followed by kidney bean (1.95±0.05TIU/mg), broad bean 

(1.07±0.06TIU/mg) and lentil (0.51±0.03TIU/mg).  

The current findings are in agreement with Olivera-Castillo et al. (2007), they 

recorded perceptible decrease in trypsin inhibitor in dry heated cowpea meal. 

Previously, it was reported that heat treatment readily inactivates trypsin inhibitor in 

rice bran (Tashiro and Ikegami, 1996). Microwave, dry and moist heat treatments are 

capable of reducing trypsin inhibitor (Deolankar and Singh, 1979). Likewise, Seena et 

al. (2006) used the pressure cooking and roasting technique on indigenous legumes 

and found that trypsin inhibitor activity was minimum in treated samples. Present 

research results are in agreement with El-Adawy (2002) that reduction in trypsin 

inhibitor activity depends on heating conditions provided to legumes. In a study, 

soaking of dry Indian beans for 12h reduced trypsin inhibitor activity, phytates and 

total polyphenols upto 51, 35 and 43%, respectively. Soaking of mung bean in plain 

water for 12h also lowered trypsin and polyphenols that was attributed to leaching out 

into water in concentration gradient (Ramakrishn et al., 2008).  

4.3. Protein Isolates Recovery, Crude Protein and Protein Yield 

Legumes are potential source of high profile protein that can be isolated by isoelectric 

precipitation with appreciable yield. Accordingly, protein contents of the selected 
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 Table 5. Mean squares for anti-nutritional factors in legumes  

SOV df Phytates 
(Before treatment) 

Phytates 
 (After treatment) 

Haemagglutinin-lectin 
activity 

(Before treatment) 

Haemagglutinin-lectin 
activity 

(After treatment) 

Trypsin inhibitor 
activity 

(Before treatment) 

Trypsin 
inhibitor  activity 
(After treatment) 

Legumes  3 460.730** 37.220** 1804.995** 98.975** 43.995** 2.083** 

Error 12 0.316 0.018 2.217 0.072 0.299 0.007 

Total 15      

** Highly significant 
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Table 6. Anti-nutritional factors of legumes 

Legumes 
Phytates  
mmol/kg 

(Before treatment) 

Phytates 
mmol/kg 

(After treatment) 

Haemagglutinin-
lectin activity/mg 
(Before treatment) 

Haemagglutinin-
lectin activity/mg 

(After treatment) 

Trypsin inhibitor 
activity/mg 

(Before treatment) 

Trypsin 
inhibitor  

activity/mg 
(After treatment) 

Chickpea 1.00±0.05c 0.31±0.01d 5.25±0.25c 1.09±0.05b 10.50±0.49a 2.00±0.09a 

Lentil 3.50±0.21b 0.73±0.03c 20.45±1.83b 0.89±0.05b 7.50±0.37b 0.51±0.03c 

Broad bean 20.50±1.12a 4.73±0.26b 48.50±2.65a 10.90±0.50a 3.35±0.18c 1.07±0.06b 

Kidney bean 21.00±0.54a 6.54±0.17a 1.90±0.05c 0.88±0.02b 4.01±0.10c 1.95±0.05a 

Means sharing the same letter in a column are not significantly different 
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legumes were assessed to analyze their recovery and yield. The mean squares for 

protein isolates recovery, crude protein and protein yield (Table 7) explicated 

significant variations among resultant isolates. However, mean values for protein 

recovery and yield have been depicted in Table 8. Maximum protein isolates recovery 

(29.58±1.49g/100g) was revealed in lentil protein isolates (LPI) followed by 

(20.70±0.97) in chickpea protein isolates (CPI) and (19.68±1.08g/100g) in broad bean 

protein isolates (BPI). Nevertheless, the lowest protein isolates recovery was 

(14.60±0.38g/100g) in kidney bean protein isolates (KPI). Maximum crude protein 

(84.66±6.48.00%) was in isolates of LPI followed by CPI (80.67±3.80%), BPI 

(77.64±4.25%) and KPI (72.69±3.87%). The highest protein yield (80.47±5.71%) was 

recorded in LPI whilst, 73.14±3.44 and 67.58±3.70% for CPI and BPI, respectively. 

However, the lowest yield of 52.83±3.36% was observed in KPI. 

Present results regarding recovery of legume protein isolates are in harmony with the 

findings of Khan et al. (2011) showing 16.84±0.22 to 18.32±0.29g/100g recovery of 

protein isolates. Protein yield of KPI is smaller than LPI owing to protein–protein 

interactions. The results are also matched with the findings of Rodriguez-Ambriz et 

al. (2005), they found appreciable protein isolates yield in Lupinus campestris 

legume. The present results of protein isolates yield from chickpea and lentil are in 

accordance with the findings of Boye et al. (2010b) as they observed 69.1% yield in 

chickpea. Maximum crude protein was observed for lentil protein isolates. 

 In another research by Arcan and Yemenicioğlu (2007), protein yield in aqueous 

extract from heat treated chickpea and white beans remained 54 and 50%, 

respectively. The current findings are in harmony with previous literature. Earlier, it 

was reported that grass pea contained 83.3–92.1% protein isolates that depends on 

solvent used during extraction. Moreover, field pea yielded 59-65%, whereas protein 

content of isolates ranged from 91-98%.  During pigeon pea characterization, 49.7–

63.6% protein yield was recorded for various isolates (Chavan et al., 2001). The 

results are in agreement with the findings of Suliman et al. (2006), they the lowest 

value for KPI is in resemblance with the findings of Leon et al. (2007), reported 71% 

crude protein content. Proteins are isolated from chickpea flour by isoelectric 

precipitation technique ranged from 84.8 to 87.8% (Paredes-Lopez et al., 2006). 

 In a study, chickpeas and lentil were assessed for their protein content using alkaline 

extraction followed by acid precipitation. Contrarily, it was observed that chickpea  
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Table 7. Mean squares for protein isolates recovery and yield 

SOV df Protein isolates recovery Crude protein Protein yield 

Legumes  
proiten isolates  3 116.274** 76.458** 411.341** 

Error 8 3.613 33.979 29.407 

Total 11    
** Highly significant 
 

 
 
 

Table 8. Protein isolates recovery and yield 

Legumes  
protein  
Isolates 

Protein isolates recovery 
(g/100g legume) 

Crude Protein 
(%) 

Protein yield 
(% legume protein) 

CPI 20.70±0.97b 80.67±3.80ab 73.14±3.44ab 

LPI 29.58±1.49a 84.66±6.48a 80.47±5.71a 

BPI 19.68±1.08b 77.64±4.25ab 67.58±3.70b 

KPI 14.60±0.38c 72.69±3.87b 52.83±3.36c 

Means sharing the same letter in a column are not significantly different 

CPI= Chickpea protein isolates 
LPI= Lentil protein isolates 
BPI= Broad bean protein isolates 
KPI= kidney bean protein isolates 
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flour yield higher protein content than that of lentil. Nevertheless, chickpea showed 

balanced amount of essential amino acids with respect to FAO guidelines (Alsohaimy 

et al., 2007). 

In the nutshell, legume protein isolates or concentrates with significant yield are 

important to incorporate in protein based products development. Thereby, have 

tendency to be used as an alternative in the preparation of novel foods. Moreover, 

protein isolation from indigenous legumes can share the burden of protein demand 

among the masses. 

4.4. Functional Properties 

Functional properties are physicochemical characteristics that affect product behavior 

during and after processing. The functional properties of protein are mainly dependent 

upon the imperative components of food systems including oil, water and air. Protein 

plays a vital role as surface active agent and on functionality that depends on film 

forming ability, emulsifying efficiency and ability to inhibit coalescence. Interaction 

of protein with water is an essential factor to determine the solubility behavior along 

with viscosity and gelling whilst, interaction with oil and gas indicates the 

emulsifying and foaming properties. 

Considering the functionality perspectives, proteins play a crucial role in the 

manufacturing of food products. Proteins contribute to solubility, emulsification, 

foaming ability, gelling characteristics and oil absorption, thus influencing functional 

properties. In response to changing physicochemical processing environments, 

proteins individually and in combination with other ingredients may cause meaningful 

interactions leading to diversified functional properties in the end product.  

4.4.1. Bulk Density 

Bulk density specifies packaging behavior of product that depends on combined effect 

of some incorporated factors like particle size, distribution, inter particle forces and 

strength of contact points. Mean squares for bulk density of various legume protein 

isolates showed significant variations (Table 9). 

Maximum mean value for this trait revealed in LPI (1.12±0.03g/cm3) that was 

momentously high from remaining isolates. Bulk density remained non-significant for 

CPI, KPI and BPI with values as 0.68±0.05, 0.49±0.04 and 0.47±0.02g/cm3, 
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respectively (Figure 2). The lesser bulk density in these isolates might be due to 

differences in textural porosity that leads to lower bulk density whereas, in LPI 

refinement of particle size eased the proper settling of isolate thus enhanced the bulk 

density.  

The present results regarding bulk density of LPI are in concord with the observations 

of Suliman et al. (2006), they reported bulk density of 1.14g/mL. In case of chickpea 

the results are similar to the findings of Aguilera et al. (2009), bulk density recorded 

as 0.91g/mL. Moreover, results of broad bean are in accordance with Butt and Batool 

(2010), they observed value for the attribute as 0.53g/cm3. The present findings for 

kidney bean are in agreement with the results of Siddiq et al. (2010) reflecting bulk 

density 0.52g/mL. High bulk density of a powdered food is desirable for packing 

since it allows more weight to be contained in limited volume (Asma et al., 2006). 

4.4.2. Absorption Properties 

Protein has both hydrophilic and hydrophobic properties thereby emulsified with oil 

and water in various foods. Mean squares (Table 10) for water and oil absorption 

capacity of tested legume isolates showed significant variations.  

Means for absorption properties are depicted in Figure 3. It has been observed that 

high absorption capacity (WAC) of CPI (2.24±0.22mL/g) tracked by LPI 

(1.66±0.04mL/g) and BPI (1.26±0.06mL/g) might be owing to occurrence of polar 

amino acids at primary cites of protein-water interface. A decrease in WAC of KPI 

(0.39±0.03mL/g) can be due to conformational changes in protein. The water and oil 

absorption capacity represents the ability of binding water and oil molecules under 

imperfect water and oil conditions, respectively. The oil absorption capacity (OAC) of 

legume protein isolates ranged from 1.76±0.04 to 3.54±0.27mL/g. The oil binding 

properties of protein isolate regulates its degree of contact with oil.  

In this context, CPI and KPI samples exhibited strong oil molecules binding as that of 

BPI and LPI samples; possibly due to more non-polar side chains leading to increased 

oil absorption by binding hydro-carbon chains. Previously, WAC values as low as 0.6 

and as high as 4.9 g g-1 have been reported in a number of studies for protein isolates. 

Moreover, studies on chickpea, pea, faba bean and lentil, indicated that type of pulses 

and variety may have effect on WAC (Kaur and Singh, 2007). Water absorption 

results in swelling that depends on the concentration of protein, starch and fiber. 
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Table 9: Mean squares for bulk density of legumes protein isolates  

SOV df Bulk density  

Legumes  
protein isolates 4     0.431** 

Error 10 0.044 

Total 14  

** Highly significant 
 
 
 
 
 
 
 

 
Figure 2: Bulk density of legumes protein isolates 
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Table 10: Mean squares for water and oil absorption of legumes protein isolates  

SOV df Water absorption Oil absorption 

Legumes protein 
isolates 4     2.177**    2.380** 

Error 10 0.012 0.049 

Total 14 
  

** Highly significant 
 
 
 
 
 
 

 
 

Figure 3: Water and oil absorption of legumes protein isolates 
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 Starch is known to exhibits relatively high swelling power in water and when it is 

combined with the swelling abilities of proteins and fiber, starch can contribute supe-

rior swelling ability. Thus, legume protein isolates impart a significant role in water 

absorption capacity and swelling properties (Torruco-Uco and Betancur-Ancona, 

2007). 

The current findings of LPI for this trait are in agreement with Suliman et al. (2006), 

illustrated WAC as 1.9mL/g. In case of chickpea, instant results are in accordance 

with Aguilera et al. (2009), noted 3.20mL/g for WAC. Whereas, broad bean water 

absorption capacity was correlated with Li et al. (2010) who explicated 2.10g/g for 

this trait in mungbean protein isolates (MBPI). In another research Sai-Ut et al. 

(2009), observed kidney bean WAC 0.40g/g.  

The instant results of oil absorption capacity (OAC) of legume protein isolates are in 

agreement with Suliman et al. (2006), Singh et al. (2008), Li et al. (2010) and Sai-Ut 

et al. (2009), they estimated OAC as 1.90, 2.75, 2.06 and 3.42g/g for LPI, CPI, MBPI 

and KPI, respectively. The mechanism of fat absorption involves physical entrapment 

of oil. Thus, particle size, legume flour composition, moisture content and 

microstructure are some of the factors that can influence OAC. Additionally, different 

protein compositional profile and amount of non-polar amino acid residues as well as 

differences in conformational features and starch-protein-lipid binding could 

contribute to differences in oil retention characteristics in legume proteins (Lazou and 

Krokida, 2010). 

4.4.3. Foaming Properties 

The foaming ability of proteins is usually expressed in terms of foam expansion (FE) 

or foam capacity (FC) indices that represent relative volume of a protein solution 

increase, resulting by air incorporation. Foaming properties are sign of whipping 

ability of protein isolates. Food foam of gas bubbles, confined by thin liquid films, 

created by enclosure of air by whipping in a continuous liquid or semi solid phase 

(Sikorski, 2002). Mean squares for foaming capacity showed significant variations 

while, foaming stability behaved non-significantly among different legume protein 

isolates (Table 11). The maximum foaming capacity (FC) was exhibited by BPI 

(50.58±2.38mL) followed by KPI (29.80±2.42mL) and LPI (25.68±0.58mL) whilst 

the minimum in CPI (22.62±1.73mL) as depicted in Figure 4. Similarly, the highest 
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foaming stability (FS) was found in LPI (60.48±1.37min) whereas, the lowest value 

was recorded in KPI (30.54±2.48min) as illustrated in Figure 5. Foam obtained from 

BPI was denser due to more interaction at air-water interface. The high value of 

foaming capacity and specified rise in hydrated foams were observed in BPI while 

decline for this attribute was noted in KPI and LPI. However, relatively noticeable 

reduction was recorded in CPI owing to protein denaturation during processing and 

lack of elasticity due to disulfide bonds. 

 Protein molecular properties for foam formation and stability are different. Foaming 

capacity depends on diffusion of protein at air-water interface by unfolding its 

structure whilst, foaming stability is dependent on creation of thick cohesive layer 

around the air bubble (Damodaran, 1997). Heating can ruin foaming properties of 

plant based foods (Jitngarmkusol et al., 2008).  

The current findings regarding FC of LPI are in agreement with Suliman et al. (2006), 

they revealed FC of 22.67mL. In case of chickpea the results are similar to Aguilera et 

al. (2009), who expounded value for this trait as 24%. Contrarily, broad bean results 

are lower than Mortuza et al. (2009) observed FC i.e. 57.19% owing to varietals 

variations. The present investigations for kidney bean are in accordance with Sai-Ut et 

al. (2009), showing FC value 33%. It was also observed that FS of legume protein 

isolates are in harmony with Suliman et al. (2006) and Mortuza et al. (2009), 

illustrated FS in LPI 62.34% and BPI 29.78%. Recently, Boye et al. (2010b) 

expounded that the method of pea or lentil protein recovery does not influence 

significantly the foaming capacity of isolates that ranged from 98-106%.  

Previously, Alamanou and Doxastakis (1997) elucidated higher FC values of lupin 

protein isolate, obtained by ultrafiltration, compared to that of isoelectric precipita-

tion. It was observed that presence of legume polysaccharide molecules by 

ultrafiltration method may form a complex with the adsorbed protein molecules. 

Additionally, that stabilizes the foam through enhancement of steric repulsion 

interaction forces operating between neighboring bubbles. Makri and Doxastakis 

(2006) studied the foaming properties of protein extracted from dry bean in the form 

of a concentrate and reported their dependancy on the method of preparation and pH  
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Table 11: Mean squares for foaming capacity and stability of legumes protein 
isolates 

SOV df Foaming capacity Foaming stability 

Legumes protein 
isolates 5 470.406** 1.244ns 

Error 12 20.314 1035.953 

Total 17 
  

** Highly significant;  
ns Non-significant  
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Figure 4: Foaming capacity of legumes protein isolates 
 
 
 
 
 
 
 

 
    Figure 5: Foaming stability of legumes protein isolates 
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of the system.  Earlier, Pozani et al. (2002) reported that a relatively short heat 

treatment may result in an improvement of both foaming ability and foam liquid 

stability of legume protein.  

4.4.4. Emulsion Properties 

Proteins, being the surface active agent, form and stabilize emulsion by forming 

electrostatic repulsion on oil droplet surface. Mean squares showed significant 

variations among different legume protein isolate samples regarding emulsion activity 

and stability (Table 12). 

Legume protein isolates showed emulsion activity (EA) ranging from 21.73±1.6-

72.84±1.64% and was highest in LPI. There were non-momentous variations between 

BPI and KPI. Likewise, maximum emulsion stability (ES) was in LPI 43.35±0.98% 

followed by CPI 39.41±3.02% and KPI 33.71±2.74%, however, the lowest value was 

noted in BPI i.e. 19.75±0.93% as illustrated in Figure 6. Moreover, casein revealed 

highest emulsion activity as compared tested legumes protein isolates. Emulsion 

stability (ES) of protein signifies its quality antagonism towards emulsion breakdown.  

Emulsion properties of protein may differ with hydrophobicity, molar mass, 

conformational stability and physicochemical factors as pH, ionic strength and 

temperature. Heat treatment escalates surface activity and emulsification property of 

proteins by forming hydrophobic units and facilitates protein interface with non-polar 

solvents. 

The values pertaining to EA of LPI are corroborated with those of Suliman et al. 

(2006), estimated EA 75.3%. In case of chickpea, results are similar to the findings of 

Aguilera et al. (2009), they observed value for this trait 22.9%. On the other hand, 

results are in contrast with Butt and Batool (2010), they recorded EA 45.50% in pea 

protein isolates (PPI).  

The existing outcomes for kidney bean are in confinement with Sai-Ut et al. (2009), 

they reported EA 48.80%.  Legume protein isolates ES is in agreement with Suliman 

et al. (2006), Singh et al. (2008), Butt and Batool (2010) and Sai-Ut et al. (2009) 

reported values for this trait in LPI (41.4%), CPI (38%), MBPI (21%) and KPI  
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 Table 12: Mean squares for emulsion activity and stability of legumes protein 
isolates  

SOV df Emulsion activity Emulsion stability 

Legumes protein 
isolates 4 2935.051** 582.976** 

Error 10 237.119 21.459 

Total 14   

** Highly significant 

 

 

Figure 6: Emulsion activity and stability of legumes protein isolates 
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(36.33%), respectively. In another study, it was noticed that pea flour had relative 

better emulsifying properties with that of soybean. It was also observed that 

emulsifying capacity enhanced with processing time (Makri et al., 2005).  

4.4.5. Nitrogen Solubility Index  

Solubility depends on the physicochemical characteristics of protein molecules and 

affects functional properties like emulsification, foaming and gelling properties. The 

nitrogen solubility of legumes protein isolates was pH dependent as depicted in Fig. 7 

to 10. Declining nitrogen solubility (4 to 7%) was observed at pH 4.0 might be due to 

isoelectric region, moreover, escalating solubility was noted on either side of pH i.e. 

acidic and alkaline. A marked rise was detected in nitrogen solubility above this point 

till pH 8.0 as it reached an index of 60 to 68% followed by a moderate increase up to 

pH 12.0, where protein isolates showed a nitrogen solubility index ranging from 70 to 

79%.  

Earlier, it was observed that the presence of alkali generally improves protein 

solubility by causing dissociation and disaggregation of proteins (Hojilla-Evangelista 

et al., 2008). In an experimental trial, Aguilera et al. (2009) explicated 60 to 75% 

solubility for chickpea and lentil protein isolates. In various research works, nitrogen 

solubility index has been used to determine protein solubility mainly caused by the 

dispersion of protein in solvent and an important functional property of protein 

hydrolysates (Thiansilakul et al, 2007). Moreover, this trait had been studied for many 

kinds of beans like lentil, chickpea, soy and rape seed that could serve as an indicator 

of isolates performance in diet and the extent of protein denaturation (Kaur and Singh, 

2007).                                                                                                                                                                                                                                                                                        

4.4.6. Least Gelation Concentration 
Gel formation of legume proteins takes place at a temperature lower than protein 

denaturation. The protein gelation ability is usually expressed in terms of least gelling 

concentration (LGC); minimum concentration required for a protein dispersion to 

form self supporting network, determined either visually or by applying dynamic 

rheometry.  

Least gelation concentration (LGC) is a qualitative parameter to work out the 

concentration at which the protein isolates form a gel. The gelling property (Table 13) 

found to be enhanced in isolates obtained from various legumes. Gel strength of LPI  
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Figure 7: Nitrogen solubility (%) of chickpea protein isolates 
 
 
 
 
 
 

 
Figure 8: Nitrogen solubility (%) of lentil protein isolates  
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Figure 9: Nitrogen solubility (%) of broad bean protein isolates 

 
 
 
 

 
Figure 10: Nitrogen solubility (%) of kidney bean protein isolates 
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Table 13. Least gelation concentration of legumes protein isolates  

Concentration 
(%) CPI LPI BPI KPI Soy 

Protein 

2 (−) (−) (−) (−) (−) 

4 (−) (−) (−) (−) (−) 

6 (−) (−) (−) (−) (−) 

8 (−) (−) (−) (−) (−) 

10 (−) (±) (−) (−) (−) 

12 (±) (±) (±) (±) (±) 

14 (±) (+) (±) (±) (±) 

16 (+) (+) (+) (+) (+) 

18 (+) (+) (+) (+) (+) 

20 (+) (+) (+) (+) (+) 

LGC 15 14 16 16 16 

Gelation levels: (−) no, (±) partial, (+) complete gel 
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was relatively better than other isolates designated to the cohesiveness of gel at 14% 

protein solution tracked by CPI i.e.  15%. The other two isolates BPI and KPI 

exhibited almost similar pattern of gel formation to soy protein. 

Gelation tendency was detected from 12 to 14% concentration of protein isolates 

while a stable and sturdy gel was observed at 16% concentration to onward. 

Moreover, liquid phase was higher in lower concentration solution of protein isolates. 

Soy protein showed a sticky tendency at 12% concentration and a stable gel was 

observed at or above 16%. Lesser LGC values in case of legume protein isolates 

might be due to denaturation of protein and strengthening of gel. Protein gelling 

property depends on concentration, pH balance of cation and anion. Viscous gel 

formation did not occur below a concentration 16% at neutral pH. The values of 

gelation formed at 16% compared favorably with those reported for African yam bean 

i.e. 16-20% (Eltayeb et al., 2010).   

Gelation properties are associated with water absorption capacity. Previously, lower 

water absorption capacity was recorded for protein isolates due to poor gel formation. 

Moreover, it was observed that gelation takes place readily at high protein 

concentration owing to greater inter molecular content during heating. Thereby, high 

protein solubility is always necessary for gelation (Wilton, 1997).The minimum 

protein concentration mandatory to produce gel that does not slide down along the 

walls of inverted tube is considered to be the least gelation concentration of protein 

(Moure et al., 2006).  Protein gels are aggregated with denatured molecules, 

specifically lower the least gelation concentration and resulting better gelling ability 

of protein. Globulin fraction of protein is found to be responsible for conjoining 

proteins with lipids and carbohydrates (Obatolu and Cole, 2000).  

Previously, Gorinstein et al. (2001) delineated that hydrophobic exchanges and 

disulfide bonding are mainly responsible for stability of globulin gels. Cowpea protein 

isolates exhibit good gelling properties with LGC of 12%, while this property is even 

more pronounced in case of protein concentrates from mungbean & winged bean 

having LGC 10 & 14%, respectively (Horax et al., 2004). Protein-protein interaction 

of isolates influences gelation property at isoelectric point with no net charge on 

protein molecules (Cheng et al., 2009). Pea and lupin protein concentrates exhibits 

gelling property above 10% concentration. Legume protein isolates with good 
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gelation characteristics can be beneficial for gel consistency in complementary foods 

(Batista et al., 2005).Conclusively, the findings of present study expressed that 

legume protein isolates are rich in proteins with good functional properties that can be 

exploited for infant food formulations. On the basis of these properties, specific 

protein selected to be used in certain food will depend on its required function. Due to 

these properties the protein isolates of tested legumes are found attractive as 

functional ingredients in food systems. Resultant protein isolates could be 

incorporated into products such as weaning food, bakery products, etc. However, their 

potential usefulness will depend on their functional properties that also affect sensory 

characteristics of the food. They also play a significant role in physical behavior of 

food or its ingredients during preparation, processing and storage of final product. 

4.5. Amino Acid Profile 

Mean squares in Table 14 and 15 indicated significant differences for essential and 

non-essential amino acids of tested samples. Legume protein isolates have better 

amino acids profile as quality of protein depends primarily on essential amino acids. 

Maximum lysine content (4.54±0.21g/100g) was found in KPI followed by CPI 

(3.70±0.09g/100g) and LPI (3.66±0.20g/100g) whilst, BPI exhibited minimum value 

(3.51±0.21g/100g) as given in Table 16.   

Data pertaining to means of essential amino acids in legume protein isolates followed 

the pattern i.e. KPI had momentous rise in aromatic amino acid (6.64±0.31g/100g), 

while BPI had the highest amount of sulfur containing amino acids (2.06±0.14g/100g) 

in comparison with other protein isolates. Histidine (1.49±0.07g/100g) and valine 

(2.08±0.09g/100g) were the maximum in KPI with the minimum value for isoleucine 

(1.68±0.07g/100g), leucine (4.65±0.21g/100g) and threonine (1.61±0.04g/100g) in 

CPI. However, tryptophan was recorded 0.44±0.024 & 0.79±0.020g/100g for LPI & 

CPI, respectively that are statistically at par (Table 16).  

Means regarding non-essential amino acid of protein isolates are indicated in Table 

17. The highest alanine (3.78±0.20g/100g) was found in LPI whereas, lowest 

(2.75±0.32g/100g) in BPI. Alanine ranged from 2.75±0.32 to 3.78±0.20g/100g, arginine 

from 0.09±0.01 to 9.72±0.25g/100g, aspartic acid from 10.59±0.27 to 

17.76±0.97g/100g, glutamic acid from 17.33±0.16 to 24.83±1.35g/100g, glycine from  
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  Table 14. Mean squares for essential amino acids of legumes protein isolates 

SOV df ARM Histidine Isoleucine Leucine Lysine SAA Threonine Tryptophan Valine 

Legumes  
protein isolates   3 6.252** 0.143** 4.308** 6.240** 0.646** 0.763** 0.173** 0.445** 0.246** 

Error 8 0.117 0.010 0.048 0.142 0.067 0.016 0.019      2.833 0.014 

Total 11          

 ** Highly significant 
 

 ARM= Aromatic amino acids  (Phenyl alanine + Tyrosine) 
 SAA= Sulphur containing amino acids (Methionine + Cystein) 
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  Table 15. Mean squares for non-essential amino acids of legumes protein isolates 

SOV df Alanine Arginine Aspartic acid Glutamic acid Glycine Proline Serine 

Legumes  
Protein isolates  3 0.736**    68.700** 27.380** 37.398** 0.079** 0.638** 0.436** 

Error 8 0.043 0.015 1.243 2.659 0.030  0.041 0.109 

Total 11        

 ** Highly significant  
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Table 16. Essential amino acid (g/100g protein) of legumes protein isolates  

Legumes  
protein isolates   ARM Histidine Isoleucine Leucine Lysine SAA Threonine Tryptophan Valine 

CPI 3.58±0.09c 1.01±0.02b 3.99±0.10a 7.52±0.19a 3.70±0.09b 0.99±0.02c 1.61±0.04c 0.79±0.02 a 1.52±0.03b 

LPI 6.00±0.32a 1.40±0.07a 1.72±0.09c 6.98±0.38a 3.66±0.20b 1.00±0.05c 1.83±0.10bc 0.44±0.02 b 1.44±0.07b 

BPI 4.24±0.20b 1.43±0.16a 3.50±0.21b 4.93±0.23b 3.51±0.21b 2.06±0.14a 2.01±0.23ab - 1.66±0.19b 

KPI 6.64±0.31a 1.49±0.07a 1.68±0.07c 4.65±0.21b 4.54±0.21a 1.40±0.06b 2.17±0.10a - 2.08±0.09a 

Means sharing the same letter in a column are not significantly different 
   
ARM=Aromatic amino acids (Phenyl alanine + Tyrosine) 
SAA= Sulphur containing amino acids (Methionine + Cystein) 

 
CPI= Chickpea protein isolates 
LPI= Lentil protein isolates 
BPI= Broad bean protein isolates 
KPI= kidney bean protein isolates 
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Table 17. Non-essential amino acid (g/100g protein) of legumes protein isolates  

Legumes  
Protein 
isolates  

Alanine Arginine Aspartic acid Glutamic acid Glycine Proline Serine 

CPI 3.55±0.09a 9.72±0.25a 10.59±0.27c 19.54±0.50b 2.45±0.06a 3.46±0.08a 4.33±0.11b 

LPI 3.78±0.20a 0.24±0.01b 17.76±0.97a 24.83±1.35a 2.74±0.15a 3.42±0.18a 5.15±0.28a 

BPI 2.75±0.32b 0.13±0.01b 15.73±0.93ab 23.77±1.72a 2.40±0.28a 2.79±0.32b 4.59±0.54ab 

KPI 2.92±0.13b 0.09±0.01b 14.91±0.70b 17.33±0.81b 2.66±0.12a 2.54±0.11b 5.04±0.23a 

 Means sharing the same letter in a column are not significantly different
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2.40±0.28 to 2.74±0.15g/100g, proline from 2.54±0.11 to 3.46±0.08g/100g and serine 

varied from 4.33±0.11 to 5.15±0.28g/100g in different legumes protein isolates. 

Considering the present aforementioned amino acid profile, legume protein isolates 

can be utilized for complementary foods preparation. Protein and their essential amino 

acids are vital constituent of food as diet deficient in essential amino acids do not 

support normal growth and metabolic activity (Bosch et al., 2006). 

Moreover, essential amino acids are mandatory as cannot be synthesized in the body 

thus must be supplied through diet (Sinclair, 2005). Legume protein isolates could be 

prepared with high protein contents, lacking of impurities with suitable sensory 

properties. It has been observed that legume derived essential amino acids have ability 

to be utilized as quality protein source thereby ultimately enhance functional 

properties (Berk, 1992). 

In a study conducted by Chavan et al. (2001), tryptophan was relatively high in NaOH 

extracted beach pea protein isolates than ultrafilteration extracted isolates. They 

demonstrated that isolates prepared were rich in lysine, leucine, glutamic and aspartic 

acids but limiting in tryptophan, methionine and cysteine. It was also noticed that 

percent ratio of essential to total amino acids varied from 37.8 to 41.2% for pigeon 

pea protein isolates under various isolation conditions.   

Afterwards, it is reported by Arogundade (2009) that percentage ratio of essential to 

no essential amino acids in yam bean was 45 to 47%. With reference to FAO (2006) 

amino acid score, most of the essential amino acids were in excess. Thereby the 

amino acid distribution of respective protein isolates indicated that it can fulfill the 

essential amino acid requirements of human. 

4.5.1. Amino Acid Score 

Nutritional efficiency of test protein is evaluated by its potential to meet human amino 

acid requirements. Amino acid score provides complete picture regarding the 

presence of individual indispensable amino acids in test protein compared to reference 

pattern. Protein requirement is at maximum during infancy to satisfy the growing 

needs for both metabolic activity and protein deposition. Amino acid score of legume 

protein isolates was established with the required reference pattern of pre-school 
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children. The amino acid score of legume protein isolates have been presented in 

Table 18. The protein isolates of KPI, LPI and BPI had slightly better essential amino 

acid score as compared to CPI. Legume protein isolates were found to be a good 

source of quality protein as it had the required amount of essential amino acids for 

pre-schoolers (WHO/FAO/UNU, 2007).  

Sulfur containing amino acids (SAA) were found to be the first limiting amino acid in 

the legume protein isolate samples including CPI, BPI and KPI, while tryptophan for 

LPI. The protein score of the legume protein isolates remained 56, 40, 40 and 39.6 for 

KPI, LPI, BPI and CPI, respectively. In the current study, numerous essential amino 

acids in legumes protein isolates elucidate good quality protein proposed for human 

utilization (Macrae et al., 1993; FAO, 2002; Seena et al., 2006). In another study, 

amino acid profile of four different legumes as chickpea, lentil, cowpea and green pea 

were studied to evaluate their nutritional performance. It is concluded that the tested 

legumes were rich in lysine, leucine and arginine that can fulfill the essential amino 

acid requirement of human diets (Iqbal et al., 2006). It is also advocated that legumes 

& cereals and their products are good food sources with appreciable protein and 

indispensable amino acids. Heat treatment during processing may affect lysine 

content thus lowering protein quality (McKevith, 2004). 

4.5.2. PDCAAS Value 

The protein deficiency corrected amino acid score (PDCAAS) is a quality assessment 

method of protein that acquires description of the amino acid and the true digestibility 

of protein simultaneously along with its ability to fulfill amino acid requirements. 

Protein quality as determined by the PDCAAS method is a measure of a protein’s 

ability to provide adequate level of essential amino acids for human needs. PDCAAS 

is calculated using an amino acid profile and true digestibility of a food protein 

(Schaafsma, 2000). Mean squares of PDCAAS regarding years 2009-10 and 2010-11 

are explicated in Tables 19 and 20. Significant variations were observed for this trait 

reflecting changeability in amino acid content and digestibility of protein isolates 

samples. Means regarding PDCAAS in Table 21 and 22 showed the highest value 

(71.53±0.02%) in LPI for the year (2009-10) followed by CPI (70.48±0.02%), BPI 

(67.60±0.02%) and KPI (62.38±0.03%). Similarly the maximum PDCAAS (2010-11)  
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Table 18. Amino acid score for legumes protein isolates  

Amino acid CPI LPI BPI KPI 

ARM* 56.66 95.71 95.71 105.39 

Histidine 53.15 73.68 75.79 78.95 

Isoleucine 142.85 61.78 125.0 60.00 

Leucine 56.06 106.06 74.24 70.30 

Lysine 63.96 63.10 60.68 78.10 

SAA** 39.6 88.40 40.00 56.00 

Threonine 47.64 53.82 59.11 64.11 

Tryptophan 72.72 40.00 __ __ 

Valine 43.42 41.00 47.43 59.42 

Protein Score 39.6 40.0 40.0 56.0 

L.A.A.*** SAA Tryptophan SAA SAA 

* Aromatic amino acids (Phenyl alanine + Tyrosine) 
** Sulphur containing amino acids (Methionine + Cystein) 
*** Limiting amino acids 
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Table 19. Mean Squares for protein deficiency corrected amino acid score 
(PDCAAS) for legumes protein isolates during the year 2009-10 

SOV df PDCAAS 

Legumes  
protein isolates 3 50.339** 

Error 8 3.240 

Total 11 
 

** Highly significant 
 
 
 

 

Table 20. Mean Squares for protein deficiency corrected amino acid score               
(PDCAAS) for legumes protein isolates during the year 2010-11 

SOV df PDCAAS 

Legumes  
protein isolates  3 44.736** 

Error 8 3.437 

Total 11 
 

** Highly significant 
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Table 21.  Protein deficiency corrected amino acid score (PDCAAS)  for legumes 
protein isolates during the year 2009-10 

Protein isolate PDCAAS (%) 

CPI 70.48±0.02ab 

LPI 71.53±0.02a 

BPI 67.60±0.02b 

KPI 62.38±0.03c 

Means sharing the same letter in a column are not significantly different  
 

 
 

 
 

Table 22. Protein deficiency corrected amino acid score (PDCAAS) for legumes 
protein isolates during the year 2010-11 

Protein isolate PDCAAS (%) 

CPI 72.58±0.02ab 

LPI 73.23±0.02a 

BPI 69.40±0.02b 

KPI 64.78±0.02c 

Means sharing the same letter in a column are not significantly different  
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was recorded in LPI (73.23±0.02%) followed by CPI (72.58±0.02%) and BPI 

(69.40±0.02%) whereas the lowest value (64.78±0.02%) for the trait was observed in 

KPI. 

Good digestibility and amino acid profile resulted in better PDCAAS value for LPI, 

while relatively lower values in CPI, BPI and KPI were due to less nitrogen retention 

and lower digestibility. Earlier, Bhat and Sridhar (2008) observed PDCAAS value of 

26.0 to 62.5% for differently treated lotus seed protein. It has been observed that 

animal protein quality is relatively better than plants owing to rich amino acid profile 

ranging from 92 to 100% (Hoffman and Falvo, 2004). Previously, World Health 

Organization (WHO) has used an alternative to evaluate protein quality by protein 

digestibility corrected amino acid score (PDCAAS). By this procedure amino acid 

scores for 2 to 5 year old children was assessed for legume protein consumption. It 

was concluded that PDCAAS of legumes imparts reasonably good protein with 

improved digestibility (Messina, 1999).   

Consultation amino acid scoring pattern is recommended for infants based on human 

milk amino acid composition (Jirapa et al., 2001). It has been suggested by Young 

and Pellett (1991) that adoption of the pattern for preschoolers might overestimate the 

value of a protein for weaning age infants. Other researchers have evaluated protein 

digestibility of legume products on the basis of the amino acid scoring pattern used 

for preschool children. Protein digestibility corrected amino acid score (PDCAAS) is 

widely used and approved method to evaluate protein quality of processed plant foods 

specifically infant food formulations.  

The PDCAAS provides information regarding complementation potential of protein 

sources as legumes and cereals. The U.S. FDA recognizes that PDCAAS method is 

based on human amino acid requirements. Thereby PDCAAS is recommended for 

evaluating protein quality of weaning foods intended for infant consumption 

(Messina, 1999). PDCAAS takes into account three critical parameters of protein 

quality evaluation as essential amino acid profile, digestibility and ability to supply 

essential amino acids in the amounts required for the children (Kannan et al., 2001; 

Betancur-Ancona et al., 2008). 
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4.6. SDS-PAGE  

The electrophorogram of SDS-PAGE for legumes including chickpea, lentil, broad & 

kidney bean protein isolates along with reference standard having polypepetides 

ranged from 6.5 to 116kDa was presented in Figure 11. The respective documentation 

showed that legume protein isolates bands were in the range of 4 to 70kDa and 

followed the similar pattern as reported earlier. Several low molecular weight 

fractions were also evident in the electrophorogram. For LPI, proteins are comprised 

of several polypeptide bands fall between 18.4 to 70kDa. In case of CPI, the bands lie 

between 10.6 to 44.6kDa. For BPI the bands ranged from 8 to 44.8kDa while for KPI 

the protein bands were between 4 to 45kDa.  

Present results are associated with the findings of Kimura et al. (2008), they found 

similar protein profile for pea, fava bean, cowpea and french bean. Likewise, Tavano 

and Neves (2008), reported chickpea native globulin with a molecular weight 140kDa 

was resolved in sodium dodecyl sulfate polyacrylamide gel electrophoresis in seven 

polypeptide bands in the range of 12.4 and 67kDa. Earlier, proteins were isolated 

from chickpea flour by micellization and isoelectric precipitation techniques. Sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis showed a molecular weight 

distribution between 16.6 and 66.4kDa for micelle and 14.9 and 84.2kDa for 

isoelectric proteins (Paredes-Lopez et al., 2006).  

4.7. Biological Assay  

Nutritional quality of legume isolates was evaluated through protein quality bioassay 

using Sprague Dawley rats as test animals. Rat modeling method, indicated 

affirmative assessment of test diets containing CPI, LPI, BPI and KPI along with 

reference diets as soy & casein. For the purpose, growth study parameters included 

protein efficiency ratio (PER), net protein ratio (NPR) and relative net protein ratio 

(RNPR), while nitrogen balance study comprised of true digestibility (TD), biological 

value (BV) and net protein utilization (NPU) were determined. 

4.7.1. Growth Study Parameters 

Mean squares for growth study traits i.e. protein efficiency ratio, net protein ratio and   
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Figure 11: Electrophoretogram of legume protein isolates. Lentil protein isolates 
(LPI), chickpea protein isolates (CPI), broad bean protein isolates (BPI), kidney 
bean protein isolates (KPI), standard (Std) 
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relative net protein ratio exhibited significant variations among the test diets based on 

CPI, LPI, BPI and KPI in relation to reference diets during the year 2009-10 and 

2010-11 (Table 23 and 24). 

4.7.1.1. Protein Efficiency Ratio 

Protein plays a vital role in growth and maintenance and also endowing with energy. 

Dietary protein is converted into amino acids consequently absorbed by the cells. 

Maximum protein efficiency ratio among the test diets (2009-10) was noted in LPI 

(2.41±0.12), followed by CPI (2.09±0.09) and BPI (2.00±0.14) nevertheless, the 

lowest PER value (1.81±0.0.09) was observed for diet comprised of KPI. The two 

reference diets including casein and soy had PER values 2.89±0.14 and 2.68±0.19, 

respectively (Table 25). Overall, rats fed on diets comprising legume protein isolates 

accomplished well in terms of growth. 

Likewise, highest protein efficiency ratio among test diets (2010-11) was observed in 

LPI (2.89±0.13), followed by CPI (2.47±0.10) and BPI (2.43±0.14) whilst, the lowest 

was recorded for diet having KPI (1.98±0.08). The two reference diets including 

casein and soy had PER value of 3.12±0.15 and 3.01±0.53, respectively (Table 25). 

The results for the year (2010-11) for legumes protein isolates were also 

consummated well in terms of growth. The current results exhibited noticeable 

enhancement in protein efficiency ratio of diets prepared by LPI and CPI for the years 

2009-10 and 2010-11. 

The current results exhibited noticeable enhancement in protein efficiency ratio of 

diets prepared by LPI and CPI for the years 2009-10 and 2010-11. Protein efficiency 

ratio is associated with essential amino acids as well as the capability of human or 

animal to digest and exploit these amino acids. 

Recently, biological indices are widely used in nutritional studies as recommended by 

FAO/WHO to evaluate protein quality and examining the nutritional potential of 

legume proteins. According to Becker (2007), an accurate method to determine 

protein efficiency ratio (PER) is to express in terms of weight gain per unit of protein 

consumed by test animal in short term feeding trial. The PER value is an evaluation of 

protein source intended for infant use (Gropper et al., 2005). Moreover, biological 
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evaluation of protein isolates is imperative to assess their nutritional quality for 

further food applications. Growth parametric study is a promising etiquette to evaluate 

nutritional value of test protein for human utilization (Gigliotti et al., 2008).  

The results of recent exploration regarding PER of LPI and KPI for the year (2009-

10) and (2010-11) are in concordance with those of Cavada et al. (2009) in lupinus 

species; they revealed PER value of 2.60. Likewise, the results of LPI and CPI for the 

year (2009-10) and (2010-11) are also according to those of Francis et al. (2009) in 

African yam bean; they revealed PER value of 3.11. In case of chickpea (2009-10 & 

2010-11), the results are similar to the findings of Aguilera et al. (2009), they 

revealed PER value of 2.48. Furthermore, for BPI (2009-10 & 2010-11) the results are 

in agreement with Khattab et al. (2009), they recorded the value for this trait as 2.58. 

In case of KPI the results are similar to the findings of Bhagya et al. (2009), they 

revealed PER 1.08. 

4.7.1.2. Net Protein Ratio (NPR) 

Net protein ratio (NPR) is a direct measurement of the consumption of dietary protein. 

LPI exhibited maximum NPR (2009-10) of 3.19±0.16 as compared to 3.01±0.14, 

2.90±0.14 and 1.99±0.0.08 for CPI, BPI and KPI, respectively. However, proteins 

from casein and soy based diets performed better reflecting enhanced growth response 

as that of tested isolates based diets (Table 25).  

Similarly, the highest NPR (2010-11) was found in LPI (3.48±0.16) followed by CPI 

(3.19±0.14) and BPI (3.00±0.0.18) whilst the lowest (2.21±0.13) was observed for 

diet containing KPI. The relative net protein ratio (RNPR) is a similar parameter to 

NPR but the results are expressed as ratio between the NPR values of test protein to 

the standard reference protein i.e. casein, considered as 100 (Table 26). The RNPR of 

legume protein isolates based diets remained within the range of 48.43±3.46 to 

85.68±4.08 (2009-10) compared to casein while for the year (2010-11), the values 

varied from 49.38±3.52 to 86.82±4.17. 

The current investigation regarding BPI (2009-10 & 2010-11) are in agreement with 

the findings of Catherine et al. (2009), they revealed NPR as 3.11. The instant results 

regarding relative net protein ratio (RNPR) of LPI, CPI, BPI and KPI protein isolates 
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(2009-10, 2010-11) are similar to the results of Sousa et al. (2011), Francis et al. 

(2009) and Catherine et al. (2009), they observed RNPR as 86.44, 77.63, 49.52, and 

58.52, respectively.  

4.7.2. Nitrogen Balance Study 

Mean squares of nitrogen balance study parameters including true digestibility (TD), 

biological value (BV) and net protein utilization (NPU) showed significant 

differences among the diets prepared from respective legume protein isolates during 

the year 2009-10 and 2010-11 (Table 23 and 24). 

4.7.2.1. True Digestibility (TD) 

True protein digestibility is evaluated by feed, dried rat bodies, urinary and fecal 

nitrogen. In experimental diets, the highest TD (78.94±3.52%) was observed for the 

year (2009-10) in LPI followed by CPI (76.41±3.47%), BPI (69.66±2.97%) and KPI 

(40.22±2.01%), respectively (Table 26). Likewise, the highest TD (2010-11) was 

recorded in LPI (79.65±3.58%) followed by CPI (77.19±3.46%) and BPI 

(70.48±3.96%) while the lowest value for this trait (41.47±2.45) was observed in the 

diet comprised of KPI.  

In an earlier study, better digestibility specifies lower fecal nitrogen output and higher 

retention in animal bodies. The lowest true digestibility in KPI was possibly owing to 

protein damage during processing resulting textural alterations. This causes digestion 

hindrance of enzymes and thus reduces the true digestibility value in test animals. 

Protein digestibility modifies not only with limiting amino acid value but also rely on 

the essential amino acid of test proteins (Mepba and Achinewhu, 2003). 

The results of present study regarding TD (2009-10 & 2010-11) of LPI are in 

concordance with those of Vadivel et al. (2010), they elucidated TD of 73.35% in 

sword bean. In case of CPI (2009-10 & 2010-11), the results are similar to the 

findings of Tavano et al. (2008) who explicated TD 78.42%. Additionally, results of 

BPI (2009-10, 2010-11) are similitude with the findings of Vadivel et al. (2008) i.e. 

69.24% in Gila bean. The current findings for KPI (2009-10 & 2010-11) are in 



 
 

79

confinement with the results of Bhagya et al. (2009); they revealed TD of 41.76% in 

beans of Canavalia maritima. 

4.7.2.2. Biological Value (BV) 

It evaluates the competence of protein to support growth through nitrogen holding in 

the body. It is the assessment of absorbed protein from food that becomes part of 

body. Means of year (2009-10) in Table 26 indicated highest biological value (BV) in 

LPI (84.39±4.97%) whilst values were 78.59±3.57, 58.55±3.44 and 54.56±2.89% for 

CPI, KPI & BPI, respectively. Nevertheless, casein & soy based diet, had biological 

values as 92.74±4.01 & 91.59±4.53%, respectively. Likewise, maximum BV 

(85.78±4.08%) was observed for the year 2010-11 in LPI, while CPI, KPI and BPI 

had respective sequence for this trait as 79.51±3.61, 61.40±3.43 and 55.92±2.85% 

(Table 26). 

In a research study, Boisen et al. (2001) found biological value of 70.6±2.5 to 

81.5±2.0% for japonica rice protein. Heat treatment improved the availability of 

protein as evident from biological indices of present investigations. Biological value 

of lentil protein isolates is higher than other respective isolates due to better amino 

acid profile, digestibility and bioavailability. These are the factors linked with 

absorption and digestion that consequently affect the amount of dietary nitrogen lost 

in digestibility and faeces. Moreover, cellular bioavailability of absorbed amino acids 

with special reference to needs also influences the biological value. Results 

concerning instant study (2009-10 & 2010-11) of LPI are in concordance with Cavada 

et al. (2009), they expounded BV of 85.92% in lupinus species. In case of CPI, the 

findings are correlated with Tavano et al. (2008), indicated BV as 80.37%. Similarly, 

Francis et al. (2009) explicated BV of 59.90% in African yam bean.  

4.7.2.3. Net Protein Utilization (NPU) 

Means regarding net protein utilization have been presented in Table 26. Results 

showed that in experimental diets during the year 2009-10, maximum NPU 

(74.43±3.15%) was observed in LPI, while the remaining values for this attribute 

were 69.66±3.16, 51.68±2.69 and 44.69±2.92% for CPI, BPI and KPI, respectively. 

Similarly in the next year 2010-11, the highest NPU was revealed in LPI 



 
 

80

(75.60±3.24%) followed by CPI (71.41±3.15%) and BPI (52.48±2.75%) whereas, the 

lowest value (46.44±2.56%) was observed for the diet comprised of KPI. Net protein 

utilization (NPU) is measure of both the digestibility of protein and biological value 

of the amino acids absorbed from food (Marrion et al., 2003; Becker, 2007). It 

measures the capability of test protein retention expressed as percent nitrogen 

absorbed. The lower NPU value in case of KPI was might be due to enhanced 

nitrogen excretion and relative reduction of nitrogen in the body. The results of NPU 

(2009-10 & 2010-11) for LPI and CPI are in corroboration with the findings of 

Anyika et al. (2009), they found NPU as 73.17 and 71.04% in brown Bambara 

groundnut and African yam bean. 

 In case of KPI the results are also in agreement with the findings of Vadivel et al. 

(2008) i.e. NPU 42.83% in gila bean. In the nut shell, growth and nitrogen balance 

indices showed that legume protein isolates have good nutritional profile and can be a 

beneficial addition for the preparation of complementary foods. 

Adequacy and relative proportion of nutrients in formulated infant foods is vital to 

support the growth. Solid and semi solid foods are generally introduced at the sixth 

month of life not only to meet energy and nutrient requirement but also to accustom 

with what they will be going to eat throughout the life. With progression of age, the 

gap between infant energy requirement and nutrient supply from breast milk 

continues to widen. Thereby, energy gap is filled by supplying liquid to semi solid 

foods based on local staple foods, fruits and vegetables. Nutrient profile is optimized 

by using multiple source ingredients to satisfy the energy requirement of the growing 

infants to develop their body mass and healthy immune system (Vadivel and 

Pugalenthi, 2010). 

In current study, protein quality parameters as protein efficiency ratio, net protein 

ratio and relative net protein ratio, true digestibility, biological value and net protein 

utilization were found to be effective and suggest to incorporate legume protein 

islolates in the food system. They contained adequate levels of essential amino acids 

for pre-school children and adults. Nevertheless, lentil and chickpea in vivo protein 

digestibility is better than remaining legumes used in the investigation. Moreover, 

lentil and chickpea are economical and accessible alternative protein sources that can 

be used for the preparation of complementary formulations.
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Table 23. Mean squares for growth and nitrogen balance study parameters of   experimental diets (2009-10) 

SOV df PER NPR RNPR TD BV NPU 

Diets 5 0.367** 13.187** 2160.206** 1771.293** 1361.392** 1326.516** 

Error 24 0.069 0.270 101.396 89.217 93.894 74.210 

Total 29       

          ** Highly significant 
 

PER=Protein efficieny ratio 
NPR= Net protein ratio 
RNPR= Relative net protein ratio 
TD= True digestibility 
BV=Biological value 
NPU=Net protein utilization  
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       Table 24. Mean squares for growth and nitrogen balance study parameters of experimental diets (2010-11) 

SOV df PER NPR RNPR TD BV NPU 

Diets 5   0.454** 13.354** 2222.358** 1762.202** 1343.550** 1555.224** 

Error 24 0.075 0.284 105.410 91.431 95.619 75.649 

Total 29       

         ** Highly significant 
 

PER=Protein efficieny ratio 
NPR= Net protein ratio 
RNPR= Relative net protein ratio 
TD= True digestibility 
BV=Biological value 
NPU=Net protein utilization  
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Table 25: Growth study parameters of experimental diets 

Diet PER  NPR  RNPR                                   

 (2009-10) (2010-11) (2009-10) (2010-11) (2009-10) (2010-11) 

CPI 2.09±0.09c 2.47±0.10c 3.01±0.14b  3.19±0.14bc 76.80±3.48b 77.33±3.46b 

LPI 2.41±0.12b 2.89±0.13b 3.19±0.16b 3.48±0.16b 85.68±4.08ab 86.82±4.17ab 

BPI 2.00±0.14c 2.43±0.14c 2.90±0.14c 3.00±0.18c 48.43±3.46c 49.38±3.52c 

KPI 1.81±0.09d 1.98±0.08d 1.99±0.08d 2.21±0.13d 56.45±2.21c 57.26±3.19c 

Casein 2.89±0.14a 3.12±0.15a 6.20±0.36a 6.49±0.27a 98.62±6.52a 99.61±6.60a 

Soy 2.68±0.19ab 3.01±0.53ab 6.15±0.32a      6.41±0.35a 96.46±5.57a 98.69±6.04a 

Means sharing the same letter in a column are not significantly different 
 
PER=Protein efficieny ratio 
NPR= Net protein ratio 
RNPR= Relative net protein ratio 
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Table 26: Nitrogen balance study parameters of experimental diets 

Diet TD (%) BV (%) NPU (%) 

 (2009-10) (2010-11) (2009-10) (2010-11) (2009-10) (2010-11) 

CPI 76.41±3.47b 77.19±3.46b 78.59±3.57b 79.51±3.61b 69.66±3.16b 71.41±3.15b 

LPI 78.94±3.52b 79.65±3.58b  84.39±4.97ab 85.78±4.08ab 74.43±3.15ab 75.60±3.24ab 

BPI 69.66±2.97b 70.48±3.96b 54.56±2.89c 55.92±2.85d 51.68±2.69c 52.48±2.75c 

KPI 40.22±2.01c 41.47±2.45c 58.55±3.44c 61.40±3.43c 44.69±2.92d 46.44±2.56d 

Casein 91.43±4.89a 92.63±4.00a 92.74±4.01a 93.09±5.04a 84.56±4.30a 85.55±3.39a 

Soy 90.73±5.34a 91.77±5.57a 91.59±4.53a 92.09±5.63a 82.09±3.50a 83.24±3.75a 

Means sharing the same letter in a column are not significantly different 
TD= True digestibility 
BV=Biological value 
NPU=Net protein utilization 
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Figure 12: Growth parameters study 
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4.8. Complementary Food 

There is a dire need for nutritious complementary food products that are adequate and 

accessible to meet the energy requirements of the infants belonging to diverse group 

of population. Research guidelines illustrated that a perfect complementary food must 

be nutrient rich, easily digestible, of appropriate stability and affordable to the target 

market (Bond et al., 2005). The addition of assorted legumes and cereals for the 

improvement of infant food supplements has been extensively investigated. Weaning 

period is not only important for the development of immune system and infant growth 

but also for their work capacity and health in later stages of life. 

Nutrition profile is optimized by using multiple source nutrients to satisfy energy 

requirement of growing infants and their body mass (Asma et al., 2006). Two types of 

complementary foods comprised of lentil protein isolates (C1) and chickpea protein 

isolates (C2) were prepared along with control. Afterwards, prepared complementary 

formulations were tested for the parameters like gross energy value, nutrient density, 

reconstitution index, amino acid profile, sensory response and infants acceptability 

trial. 

4.8.1. Compositional Analysis 

Mean squares regarding composition of complementary food samples showed non-

significant variations for crude protein, crude fat, crude fiber, ash and NFE content 

(Table 27). The means for these parameters are depicted in Figure 13. It is obvious 

from the results that prepared complementary foods were nutrient dense, considering 

the values as 14.71±1.32 to 15.26±1.17, 14.64±1.31 to 14.75±1.08, 2.43±0.21 to 

2.49±0.18, 2.87±0.25 to 3.07±0.31 and 61.85±4.53 to 62.67±6.32% for crude protein, 

crude fat, crude fiber, ash and NFE content, respectively. Chemical composition of 

complementary food samples showed sufficient amount of desired nutrients to meet 

the criteria defined by FAO i.e. supplementary foods for infants should be comprised 

of 10 to 25% fat, 15% protein and not more than 5% dietary fiber (FAO/WHO, 1991). 

In an experimental trial, pregelatinization of sweet potato was performed before 

preparing complementary foods to convert starch into digestible form to facilitate 

digestion. Starch can be modified by pregelatinization through drum drying and  
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Table 27. Mean squares for proximate composition of complementary foods 

SOV df Moisture Crude 
protein 

Crude 
fat 

Crude 
fiber Ash NFE 

Complementary 
foods 2 0.004ns 0.226ns 0.009ns 0.002ns 0.029ns 0.561ns 

Error 6 0.038 1.323 1.298 0.035 0.052 23.316 

Total 8       

ns Non-significant  
 
 
 

 
  Figure 13: Proximate composition of complementary food samples 

 
 
 
C1= LPI based complementary food  
C2= CPI based complementary food 
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instantaneous pre-cooking to diminish swelling ability of particles, evade thickness 

and extra bulk that are not appropriate in infant foods (Taggart, 2004). Recently, 

Gibbs et al. (2011) explicated that in numerous developing countries, dietary staples 

especially cereals and legumes are utilized in infant formulations. In some parts of the 

globe, animal source foods are not so popular due to economic or religious concerns. 

In this context, multiple flour mixs with whole milk powder are commercially utilized 

to make complementary formulations. Multiple mix technology is often used criterion 

for infant complementary foods as nutritional profile is of greater concern (Mosha and 

Vicent, 2004). The current findings are similar to the work conducted by Ikujenlola et 

al. (2008), illustrated protein, fat, ash, fiber & moisture content in complementary 

foods ranged from 7.23 to 17.90, 3.45 to 18.10, 2.0 to 4.25, 2.05 to 5.0 & 4.0 to 9.0%, 

respectively. Identical trend regarding pregelatinisation of starchy components has 

been expounded by Bukusuba et al. (2008) for the preparation of infant 

complementary foods.  

The protein content of various complementary foods from maize & soy flour is 

ranging from 9.49±0.1 to 19.70±0.4% (Osundahunsi and Aworh, 2002). Combination 

of cereal and legumes formulation illuminated 15.0±0.1 to 16.0±0.3% protein, 3.4±0.5 

to 4.0±0.4% crude fiber, 11.0±0.3 to 12.4±0.6% fat, 2.0±0.1 to 2.6±0.2% ash and 

60.0±1 to 60.0±0.6% carbohydrates (Owino et al., 2007). The present findings are 

also comparable with the work of Onabanjo et al. (2008), depicted mean values for 

proximate composition of complementary foods as moisture (4.14g/100g), ash 

(4.74g/100g), crude protein (14.58g/100g), crude fat (10.67g/100g) and crude fiber 

(2.11g/100g). 

4.8.2. Energy Value 

Protein and fat are the major components of complementary foods that help to cope 

with the body needs of growing infants; lack of any constituent may lead to 

malnutrition. The mean squares for percent and per meal calorific values (gross 

energy, protein and fat) elucidated non-significant differences among the 

complementary food samples (Table 28 and 30). The gross energy of complementary 

food sample is directly obtained from its heat of combustion while the protein and fat 

energy are determined by physiological fuel values using Atwater’s conversion 
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factors (Passmore and Eastwood, 1986). The mean gross calorific values were 

401.15±20.50, 401.70±20.42 and 410.16± 20.90kcal/100g for C2 (CPI based food), C1 

(LPI based food) and control complementary food samples, respectively. The 

maximum calorific value was added by fat component (126.81±6.49 to 

129.49±6.48kcal/100g) followed by protein (59.56±3.01 to 59.85±3.38kcal/100g) as 

mentioned in Table 29. Formulations in the current study were suitable for delivering 

120.22±6.80, 122.49±6.36 and 123.27±6.09kcal gross energy per single meal for C1, 

C2 and control food, respectively from which 37.59±1.38 to 38.69±1.83kcal energy 

was acquired from fat whilst, protein contributed about 16.61±1.01 to 16.69±1.00kcal 

(Table 31).  

Infant’s caloric prerequisites depend on increase in age, energy scarcity for infants 

aged 6-8, 9-11 & 12-23 months recorded as 202, 307 & 548kcal, respectively that 

should be fulfilled through complementary foods (Dewey and Brown, 2003; Allen, 

2003). From the present explorations, it is understandable that complementary 

preparations based upon legumes protein isolates are capable to provide infant energy 

needs. Rate of recurrence of meals per day and quantity of tested complementary 

foods per single meal can be attuned according to infant age and caloric requirements.  

Pregelatinization used in present investigation enhanced energy and nutrient density 

since more solids could be merged in complementary food. The results of calorific 

value in recent work are in agreement with the findings of Mahgoub (1999), they 

recorded energy values for complementary food based on combine flour mix ranged 

from 359 to 374kcal/100g whilst, Cerelac (commercial complementary food) had a 

calorific value of 419kcal/100g.  

Likewise, values (372 to 397kcal/100g) have also been reported for complementary 

supplements based on cereal and legume combinations (Baskaran and Bhattacharaya, 

2004). The current results are also in accordance with the outcomes of Tizazu et al. 

(2010), revealed energy value of complementary foods ranged from 369.85 to 

371.93kcal/100g. In another study, energy values of weaning food blends prepared 

from sorghum, legumes and oil seeds were recorded as 405.8 to 413.2kcal/100g. It is 

deduced that complementary formulations in the current study are in accordance with 

the guidelines of FAO/WHO to fulfill the infant requirements (Asma et al., 2006).  
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Table 28. Mean squares for calorific value of complementary foods 

SOV df Gross energy Fat Protein 

Complementary 
foods 2 76.527ns 2.794ns 0.076ns 

Error 6 1002.659 98.567 21.540 

Total 8    
ns Non-significant  
 

 

 
 
 

 

Table 29.  Percent calorific value of complementary foods  

Complementary foods Gross energy 
(kcal/100g) 

Fat 
(kcal/100g) 

Protein 
(kcal/100g) 

C1 401.70±20.42 129.49±6.48 59.81±3.38 

C2 401.15±20.50 127.83±5.90 59.56±3.01 

Control 410.16±20.90 126.81±6.49 59.85±3.38 

C1= LPI based complementary food  
C2= CPI based complementary food 
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Table 30. Mean squares for per meal calorific value of complementary foods 

SOV df Gross value Fat Protein 

Complementary 
foods  2 7.531ns 1.075ns 0.005ns 

Error 6 91.266 8.635 1.684 

Total 8    
ns Non-significant  

 

 
 
 
 

Table 31.  Per meal calorific value of complementary foods 

Complementary foods Gross value 
(kcal) 

Fat 
(kcal) 

Protein 
(kcal) 

C1 120.22±6.80 38.69±1.83 16.61±1.01 

C2 122.49±6.36 38.53±1.89 16.63±1.08 

Control 123.27±6.09 37.59±1.38 16.69±1.00 

C1= LPI based complementary food  
C2= CPI based complementary food 

 

 

 

 

 

 



 
 

92

4.8.3. Nutrient Density 

Equilibrium between total energy endowed with complementary foods and amount of 

macronutrients required is imperative to maintain metabolic activity and infant’s 

growth. A high calorific food with lesser protein is incapable to assemble 

physiological needs of infants for body mass development and tissues. Likewise, a 

low calorific food with high protein content might not have any optimistic effect for 

maintenance as an alternative of body growth. Dietary lipids in complimentary foods 

not only yield essential fatty acids but also assist in absorption of fat soluble vitamins. 

High fat density lowers micronutrient density and protein content on per calorific 

basis. 

The two macronutrients i.e. protein and fat are illustrated on per calorie basis to 

endorse quantification of individual constituent in relation to total energy intake that 

would be supportive for physiological requirements of infants (Mosha and Vicent, 

2004). The mean squares for nutrient density differed non-significantly in the 

complementary food samples (Table 32). Means for nutrient density are ranging from 

3.59±0.13 to 3.69±0.17 and 3.44±0.25 to 3.49±0.20g/100kcal for protein and fat, 

respectively (Table 33). Nutrient density of complementary foods can be optimized by 

component diversification. In the present research, nutrient density of two macro 

ingredients was within suggested range for infant foods; protein energy density lower 

than 5.5g/100kcal and lipid energy density would not increase upto 4.5g/100kcal 

(FAO/WHO, 2006). 

It was observed that reduced viscosity could be beneficial for infant feeding. Cereal 

based weaning porridges are one of the major causes of infant malnutrition in Afro-

Asian countries due to low nutrient density. The addition of cowpea not only 

improves the protein content and quality of porridge but reduces viscosity that 

facilitates feeding to infants thus enhance food energy intake. Nutritional guidelines 

stated that an ideal weaning food must be nutrient dense, easily digestible, suitable 

consistency and affordable to the target market. An important aspect of mixing 

legume and cereal flours is to enhance the quality of protein content (Asma et al., 

2006).  
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Table 32. Mean squares for nutrient density of complementary foods 

SOV df Fat Protein 

Complementary foods 2 0.002ns 0.008ns 

Error 6 0.072 0.078 

Total 8   
ns Non-significant  

 
 
 
 

 
Table 33.  Nutrient density of complementary foods 

Complementary foods Fat 
(g/100kcal) 

Protein 
(g/100kcal) 

C1 3.44±0.25 3.69±0.17 

C2 3.49±0.20 3.67±0.16 

Control 3.45±0.17 3.59±0.13 

C1= LPI based complementary food  
C2= CPI based complementary food 
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4.8.4. Bulk Density 

In the developing world, cereal based formulations are generally used as basic 

complementary formulations carrying starchy materials. Bulk density is important in 

complementary foods than normal dry mixes as it indicates product suitability for 

babies. The mean squares for this attribute exhibited non-momentous differences 

among the samples (Table 34). However, means regarding packed and loose bulk 

density ranged from 0.49±0.01 to 0.52±0.03 and 0.43±0.02 to 0.46±0.03g/mL, 

respectively (Table 35). The bulk density of legume isolates based complementary 

foods is in agreement with the work of Mitzener et al. (1984); they reported bulk 

density up to 0.75g/mL.  

4.8.5. Reconstitution Index 

The basic concept behind reconstitution index is to work out the ease of 

complementary food preparation before consumption. Precooked complementary 

formulations are considered as instant foods that are prepared with warm water and do 

not need extensive cooking before utilization. Mean squares in Table 36 showed non-

momentous variations in reconstitution index of various legume protein isolates based 

complementary foods. Means for this trait were 55.45±2.06 and 54.45±2.49mL for C1 

and C2, respectively whilst it remained as 52.92±2.76mL for the control (Table 37). 

The complementary foods in current study were made through numerous steps like 

pregelatinization and drum drying that uplift the physicochemical characteristics 

resulting in better reconstitution index of the end product. The resultant weaning 

formulations have uniform texture that assist spoon feeding to the preschoolers 

(FAO/WHO, 2006). 

In an earlier investigation, it has been observed that steam blanched pregelatinized 

maize flour has improved reconstitution index of complementary mix as compared to 

unrefined flour (Adeyem et al., 1988).  Reconstitution index is 60 to 80mL for 

copious combinations of cereal and legumes (Sanni et al., 1999). Moreover, 

composite blends of fermented cereals and soy based complementary food have 

reconstitution index of 46 to 56mL (Onilude et al., 1999). The contemporary findings 

are in harmony with Khan et al. (2011), they exposed reconstitution index of 56 to 

58mL in complementary food based on rice bran isolates. 
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4.8.6. Viscosity 

Viscosity plays an important role in the final product acceptability. Paste like 

consistency is preferred in reconstituted baby foods as compared to watery mouth feel 

in less sticky formulations. Mean squares regarding viscosity of complementary foods 

illuminated non-significant variations (Table 36). However, the mean values for 

viscosity were 2075.11±103.68, 2084.16±101.43 and 2095.96±103.50cps for control, 

C2 and C1, respectively (Table 37).  

Commonly, mothers prefer an easily spoonable viscosity of infant foods in the range 

of 1000-3000cps; higher viscosity may lessen quantity to be utilized by infants, lower 

viscosity specifies a final low bulk of reconstituted product (Mosha and Svanberg, 

1993). In instant investigation, pregelatinization restricted gelling ability of starch in 

final mix. Lower viscosity of fruit based complementary food is due to decrease in 

swelling property of starch (Bukusuba et al., 2008). 

Generally, thin weaning porridges of low energy density are given in a feeding bottle 

resulting poor growth during this period. To counter this practice, thick porridges of 

high energy density fed by spoon are advocated, with expectation that energy intake 

will be increased and risk of food borne diarrheal pathogens reduced (Islam et al., 

2008).   

Starch is a major element liable for viscosity of complementary mix that may undergo 

some physicochemical variations during processing thus changing the final paste 

characteristics. Appropriate viscosity with better nutrition bulk is a desired attribute of 

processed complementary foods (Suhasini and Malleshi, 2003). Data pertaining to 

present work are in agreement with Zanna and Milala (2004); cowpea based mixtures 

had viscosity within the range of 1630-2056cps. Likewise, viscosity of sorghum 

enriched complementary food ranged from 2700-2900 cps (Lalude and Fashakin, 

2006; Chakravarthi and Kapoor, 2003). Earlier studies have explained various ranges 

of viscosity from high to low and thick to thin. In a work, thick viscosity of amylase 

rich flour porridge was reported unpalatable however, it was energy dense. 

Furthermore, a comparison was made between thick and thin traditional porridges and  
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Table 34. Mean squares for loose and packed bulk density of complementary 
foods 

SOV df Bulk density (loose) Bulk density (packed) 

Complementary foods  2 8.777ns 7.444ns 

Error 6 0.001 0.001 

Total 8   
ns Non-significant  
 

 

 

 

Table 35. Loose and packed bulk density of complementary foods 

Complementary foods Bulk density (loose) 
(g/mL) 

Bulk density (packed) 
(g/mL) 

C1 0.44±0.02 0.50±0.02  

C2 0.43±0.02  0.49±0.01  

Control 0.46±0.03 0.52±0.03  

C1= LPI based complementary food  
C2= CPI based complementary food 
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Table 36. Mean Squares for reconstitution index and viscosity of complementary 
foods  

SOV df Reconstitution index Viscosity 

Complementary foods  2 4.894ns 327.823ns 

Error 6 17.158 26037.941 

Total 8   
ns Non-significant  

 

 

 
 
Table 37. Reconstitution index and viscosity of complementary foods 

Complementary foods Reconstitution index 
(mL) 

Viscosity 
(cps) 

C1 55.45±2.06 2095.96±103.50 

C2 54.45±2.49 2084.16±101.43 

Control 52.92±2.76 2075.11±103.68 

C1= LPI based complementary food  
C2= CPI based complementary food 
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recorded less energy intake in case of thin porridge. There is a possibility that children 

fed on thin low density porridge do not attain adequate energy from diet (Stephenson 

et al., 1994). 

Previously, a comparative study was carried out on complementary foods in 

developing countries including India, Peru and Tanzania. It is concluded that reducing 

viscosity of thick energy dense complementary food do not improve energy intake 

due to poor digestibility. Thus it is suggested to develop weaning foods with less 

consistency and adding oil, peanut butter etc. to give an energy density of 4.18 kJ/g 

that may be a more feasible option to improve energy intake (Paul et al., 2008). 

4.8.7. Amino Acid Profile 

In recent work, complementary foods were prepared to compensate low earning 

sections of developing economies like Pakistan. Nutrient composition of 

complementary foods was optimized by mixing of various dietary components along 

with legumes protein isolates for improvement in amino acids profile. Mean squares 

for essential amino acid showed significant differences among complementary food 

samples (Table 38). 

Means for this trait have been depicted in Table 39. Aromatic amino acids (ARM) 

ranged from 3.40±0.20 to 9.15±0.44g/100g, histidine varied from 1.00±0.05 to 

2.30±0.01g/100g, isoleucine from 4.25±0.20 to 13.37±0.67g/100g, leucine from 

6.61±0.38 to 9.66±0.47g/100g, lysine from 3.18±0.16 to 5.83±0.23g/100g, sulphur 

containing amino acids (SAA) from 0.30±0.01 to 0.62±0.03g/100g, threonine from 

0.70±0.03 to 1.58±0.08g/100g, tryptophan from 1.16±0.07 to 4.80±0.23g/100g and 

valine from 0.83±0.04 to 1.62±0.09g/100g, respectively. 

The mean squares regarding non-essential amino acids explicated significant 

differences among complementary food samples (Table 40). The values for arginine 

were higher in experimental formulations (C1 and C2) than that of control whilst, 

alanine, aspartic acid, glutamic acid, glycine, proline and serine content were slightly 

higher in control formulation (Table 41). Alanine ranged from 3.34±0.16 to 

4.82±0.24g/100g, arginine varied from 2.48±0.43 to 4.15±0.14g/100g, aspartic acid 
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Table 38.   Mean squares for essential amino acids of complementary foods  

SOV df ARM Histidine Isoleucine Leucine Lysine SAA Threonine Tryptophan Valine 

Complementary 
foods  2 29.506** 1.399** 74.318** 7.129** 6.270** 0.079** 0.586** 11.608** 0.484** 

Error 6 0.134 0.006 0.232 0.178 0.054 5.333 0.004 0.033 0.004 

Total 8          

** Highly significant 
 
ARM=Aromatic Amino acid (Phenyl alanine + Tyrosine) 
SAA= Sulphur containing amino acid (Methionine + Cystein) 
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Table 39. Essential amino acids (g/100g protein) of complementary foods 

Complementary 
food ARM Histidine Isoleucine Leucine Lysine SAA Threonine Tryptophan Valine 

C1 8.45±0.41a 1.00±0.05c 5.35±0.26b 9.66±0.47a 3.18±0.16b 0.62±0.03a 1.04±0.05b 4.29±0.21b 1.33±0.07b 

C2 9.15±0.44a 2.30±0.01a 4.25±0.20c 8.51±0.40b 3.50±0.17b 0.30±0.02c 0.70±0.03c 4.80±0.23a 0.83±0.04c 

Control 3.40±0.20b 1.29±0.01b 13.37±0.67a 6.61±0.38c 5.83±0.23a 0.39±0.02b 1.58±0.08a 1.16±0.07c 1.62±0.09a 

Means sharing the same letter in a column are not significantly different 
   
ARM=Aromatic amino acids (Phenyl alanine + Tyrosine) 
SAA= Sulphur containing amino acids(Methionine + Cystein) 
 
C1= LPI based complementary food  
C2= CPI based complementary food 
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Table 40. Mean squares for non-essential amino acids of complementary foods 

SOV df Alanine Arginine Aspartic acid Glutamic acid Glycine Proline Serine 

Complementary  
foods  2 1.712** 24.834** 2.717** 42.675** 1.198** 21.706** 2.207** 

Error 6 0.044 3.247 0.006 0.255 0.010 0.062 0.017 

Total 8        

 ** Highly significant 
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Table 41. Non-essential amino acids (g/100g protein) of complementary foods 

Complementary foods Alanine Arginine Aspartic acid Glutamic acid Glycine Proline Serine 

C1 3.82±0.19b 4.15±0.14a 0.16±0.01c 5.85±0.29c 1.59±0.08b 2.05±0.10c 1.72±0.08b 

C2 3.34±0.16c 3.95±0.88a 1.41±0.07b 7.42±0.35b 1.42±0.07b 2.65±0.13b 1.89±0.09b 

Control 4.82±0.24a 2.48±0.43b 2.02±0.12a 13.03±0.75a 2.59±0.15a 6.98±0.40a 3.28±0.19a 

Means sharing the same letter in a column are not significantly different 
   
ARM=Aromatic amino acids (Phenyl alanine + Tyrosine) 
SAA= Sulphur containing amino acids (Methionine + Cystein) 
 
C1= LPI based complementary food  
C2= CPI based complementary food 
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from 0.16±0.01 to 2.02±0.12g/100g, glutamic acid from 5.85±0.29 to 

13.03±0.75g/100g, glycine from 1.59±0.08 to 2.59±0.15g/100g, proline from 

2.05±0.10 to 6.98±0.40g/100g and serine from 1.72±0.08 to 3.28±0.19g/100g, 

respectively.   

Infancy is a period of considerable improvement and at this stage protein deficiency 

results in sub-optimal growth. Presently, cereal flours i.e. wheat, maize and rice are 

mixed with legumes protein isolates to boost up protein profile in relation to growing 

infant needs. Moreover, recent data regarding amino acids in complementary foods is 

in close agreement as reported earlier by Anigo et al. (2010), they observed sequence 

of amino acid ranging from 2.16 to 2.38, 3.56 to 4.04, 6.97 to 7.19, 4.80 to 5.14, 7.78 

to 8.95, 2.20 to 2.77 & 2.64 to 2.73g/100g for histidine, isoleucine, leucine, lysine, 

ARM, threonine & valine, respectively. At weaning stage, infants need more protein 

to develop body mass as compared to adults so must be provided in suitable quantity 

(Tumwine and Barugahare, 2002; WHO, 2004). 

 Earlier, it was reported by Young and Pellett (1991) that the requirements for dietary 

protein consist of two components i.e. primary for nutritionally indispensable amino 

acids (histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan and valine) and secondary for nonspecific nitrogen for the synthesis of 

nutritionally dispensable amino acids (aspartic acid, asparagines, glutamic acid, 

alanine and serine). Under the experimental conditions, children are sensitive to 

changes in amino acid content of their diets reflecting through nitrogen retention and 

sometimes nitrogen absorption on an isonitrogenous diet. When nitrogen balance is 

positive, gain in weight usually occurs. Previously, in a trial on pre-school children, 

amino acids predicted to be deficient in complimentary diet by comparison with the 

FAO "reference pattern".  

The concept of cereal-legume complementation (e.g. rice and bean) has been applied 

to develop infant weaning foods with augmented protein quality. Milk protein (rich in 

lysine), for instance, is added to cereals (low in lysine). Similarly, researchers have 

shown that cooked bean and cooked rice, blended in the right proportion, could 

replace bean broth thus provide a balanced mixture of amino acids (Kannan et al., 

2001).  
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From the present exploaration, it is envisaged that protein level of infant foods can be 

enhanced by making composite formulations and for this purpose legumes are the best 

choice. The resultant isolates will not only improve the overall protein in the 

complementary food but also increase the nitrogen retention.   

In toto, amino acids composition of protein sources are a major indicator of protein 

quality in developed complementary foods. Lysine is one of the indispensable amino 

acids might be limited or marginal in diets of some regions where wheat is 

predominant source of total dietary energy supply. However, modest amount of 

higher lysine containing foods such as legumes is better option to improve the 

nutritional quality. Thereby, it is concluded that legume protein isolates may serve as 

balanced source of amino acids to meet infants requirements. 

4.8.8. Amino Acid Score 

Combining food sources to uplift the protein profile is a common practice throughout 

the world. The main aim of mixing lower biological value grains with legumes is to 

provide required amino acids for yielding a complete dietary protein (Asma et al., 

2006). The amino acid score of different complementary formulations have been 

explicated in Table 42. The means illustrated that complementary food constituents 

improved essential amino acids profile resulting in high protein quality food.  The 

experimental preparations are capable of providing essential amino acids to infants 

aged 12 to 24months (WHO/FAO/UNU, 2007).  

The lowest amino acid score for relevant preparations are described as “protein 

score”. Blending legumes protein isolates with other cereals resulted in enhanced 

protein score for C1 (9.84), followed by control (6.19) and C2 (4.76). The scores 

demonstrated self adequacy of protein to persuade amino acid needs of infants. 

Supplementation of cereal/legume flours resulting increased protein score of blends 

therefore proposed for infants (Plahar et al., 1997). In another study, lysine was 

observed to be slightly lower in formulation, accredited to innate lysine deficiency in 

cereals. Lysine deficiency has also been noted in sorghum based complementary food 

(Mugula and Lyimo, 2000). 
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Table 42. Amino acid score* (for infants) of complementary foods 

Amino acid C1 C2 Control 

ARM 134.12 145.23 53.96 

Histidine 52.63 121.05 67.89 

Isoleucine 191.07 151.78 477.5 

Leucine 146.36 128.93 100.15 

Lysine 54.82 60.34 100.51 

SAA 9.84 4.76 6.19 

Threonine 30.58 20.58 46.47 

Tryptophan 390 436.36 105.45 

Valine 38 23.71 46.28 

Protein score 9.84 4.76 6.19 

* Calculated from WHO/FAO/UNU Report (2007) 
C1= LPI based complementary food  
C2= CPI based complementary food 
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4.8.8. Amino Acid Contribution 

Complementary foods are consumed as supplement to breast milk for growing babies 

with enhanced energy and protein need. Exclusive breastfeeding cannot meet energy 

demands from sixth month to onwards. As a result, utilization of supplementary foods 

i.e. semi-solids and solids are indispensable along with breast milk (Northstone et al., 

2001). Per meal amino acids provision has estimated from the protein requirements 

needed from supplementary foods. The results illustrated that a single meal (30g) of 

two experimental formulations namely C1 and C2 are providing 89.64 to 91.16% 

ARM, 81.93 to 87.09% histidine, 62.17 to 69.66% isoleucine, 68.81 to 69.55% 

leucine, 47.42 to 48.76% lysine, 55.35 to 58.48% sulfur containing amino acids 

(SAA), 75.44 to 78.57% threonine, 104.6 to 104.68% tryptophan and 54.57 to 56.23% 

valine, respectively of daily amino acid requirement for pre-schoolers (Table 43, 44).  

The results regarding nutritional and functional characteristics of lentil and chickpea 

protein based complementary foods (C1 and C2) indicated that legume based 

formulations are supportive to meet the infants need along with breast milk, with an 

additional benefit of cost effective and ready-to-serve. The upgraded nutritional 

composition of food samples by adding up of novel protein sources could improve the 

quality of food to overcome deficiency of essential amino acids. Complementary food 

nutritional quality is judged by its contribution to infant daily amino acid requirement.  

Amino acid requirement for pre-school children (aged 1-2year) have been worked out 

by reference pattern and weight specification of this age group (Reeds and Garlick, 

2003). The present investigations are also in agreement with the recent findings of 

Khan et al. (2011). They revealed amino acid contribution as ARM 93.56 to 91.83%, 

histidine 91.03 to 96.17%, isoleucine 71.26 to 72.28%, leucine 71.37 to 72.81%, 

lysine 51.46 to 52.65%, sulfur containing amino acids (SAA) 63.24 to 63.39%, 

threonine 82.04 to 83.29%, tryptophan 109.77 to 110.71% and valine 56.53 to 56.82% 

of daily amino acid requirement. 

Legumes like lentil and chickpea are rich in quality amino acids. Their lysine content 

complements amino acid deficiency in cereal whilst, methionine in legumes by cereal 

supplementation. Moreover, Lisiewska et al. (2009) reported lower content of 

methionine & threonine and higher content of isoleucine & valine in protein of green  
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Table 43. Contribution of complementary food (C1) to infant’s daily amino acid 
requirement 

Amino acid Daily Requirement 
(mg)* 

Per meal 
amino acid (mg) 

Per meal 
Amino acid (%) 

ARM 396 355 89.64 

Histidine 155 127 81.93 

Isoleucine 267 166 62.17 

Leucine 542 377 69.55 

Lysine 447 212 47.42 

SAA 224 131 58.48 

Threonine 224 176 78.57 

Tryptophan 64 67 104.6 

Valine 361 203 56.23 

* Amino acid requirement for 12-24 months infant (Reeds and Garlick, 2003; WHO/FAO/UNU, 2007)  
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Table 44. Contribution of complementary food (C2) to infant’s daily amino 
acid requirement 

Amino acid Daily Requirement 
(mg)* 

Per meal 
amino acid (mg) 

Per meal 
Amino acid (%) 

ARM 396 361 91.16 

Histidine 155 135 87.09 

Isoleucine 267 186 69.66 

Leucine 542 373 68.81 

Lysine 447 218 48.76 

SAA 224 124 55.35 

Threonine 224 169 75.44 

Tryptophan 64 67 104.68 

Valine 361 197 54.57 

* Amino acid requirement for 12-24 months infant (Reeds and Garlick, 2003; WHO/FAO/UNU, 2007) 
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pea seed. In order to combat protein energy malnutrition efficiently, a low cost energy 

dense complementary food is a desirable substitute of expensive imported products. 

Therefore, legumes are increasingly used to upgrade the protein level of both adults 

and weaning diets (Omueti et al., 2009). 

4.9. Sensory Evaluation 

Sensory evaluation is one of the important quality parameters of product development 

directly links to customers acceptance. In practice, product development requires a 

systematic hedonic assessment to document, examine and deduce product attributes as 

observed by the panelists. Mean squares regarding sensory parameters revealed non-

significant variations among complementary food samples (Table 45).  

Scores for sensory parameters have been explicated in Table 46 as 11.38±0.59 to 

11.80±0.66 for color, while 11.36±0.52 to 11.73±0.68 for texture, 12.15±0.60 to 

12.46±0.58 for ease of preparation, 12.05±0.56 to 12.25±0.51 for smoothness, 

10.44±0.56 to 10.65±0.65 for thickness, 12.15±0.56 to 12.45±0.63 for sweetness, 

12.07±0.56 to 12.43±0.61 for taste, 12.14±0.59 to 12.27±0.55 for flavor and 

12.15±0.67 to 12.53±0.65 for overall acceptability. 

The complementary foods (dry mix) had uniform texture and light golden color; the 

consistency of paste was unaffected by utilization of various types of isolates. 

Thickness was low but differed non-momentously in samples. Similarly, overall 

acceptability was also affected non-significantly. Nonetheless, higher scores were 

allocated to C1 sample (containing LPI) compared to other samples. Sensory 

evaluation is generally based on texture & flavor related perspectives and appearance 

that assist to find out product acceptability (Jaros et al., 2000). Product appearance 

and style of presentation can also affect the scoring pattern of panelists.  

Utilization of self-explanatory questions with persuasive range along 15cm 

unstructured line helped to document judges psychological satisfaction (Appendix-II). 

Customer satisfaction is an imperative standard for ingredient optimization and 

development of nutrient rich formulation. Moreover, sensory perception is important 

to reveal food choice. The ability to assess food commodity is based on human senses 

including color, flavor, texture, taste and overall acceptability (Bodyfelt et al., 2008).
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Table 45. Means squares for sensory response of complementary foods 

SOV df  Color Texture Ease of 
preparation Smoothness Thickness Sweetness Taste Flavor Overall 

acceptability 

Complementary 
foods 2 0.179ns 0.402ns 0.231ns 0.109ns 0.147ns 0.240ns 0.376ns 0.048ns 0.375ns 

Error 27 0.733 0.739 0.836 0.824 0.618 0.845 0.846 0.826 0.842 

Total 29          

 ns Non-significant  
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Table 46. Sensory response of complementary foods 

Complementary 
food samples Color Texture Ease of 

preparation Smoothness Thickness Sweetness Taste Flavor Overall 
acceptability 

C1 11.80±0.66 11.41±0.64 12.15±0.60 12.25±0.51 10.44±0.56 12.28±0.51 12.35±0.53 12.27±0.55 12.53±0.65 

C2 11.63±0.54 11.36±0.52 12.46±0.58 12.05±0.56 10.65±0.49 12.15±0.56 12.07±0.56 12.16±0.56 12.28±0.57 

Control  11.38±0.59 11.73±0.68 12.34±0.71 12.15±0.67 10.65±0.65 12.45±0.63 12.43±0.61 12.14±0.59 12.15±0.67 

C1= LPI based complementary food  
C2= CPI based complementary food 
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The results of current exploration are also similitude to the findings of Khan et al. 

(2011), they observed scores regarding sensory attributes as 11.6±1.1 to 11.8±1.0 for 

color, while 11.5±1.2 to 11.8±0.8 for texture, 12.3±1.0 to 12.4±0.8 for ease of 

preparation, 12.2±0.4 to 12.4±0.6 for smoothness, 10.5±1.0 to 10.8±1.0 for thickness, 

12.4±0.8 to 12.5±0.7 for sweetness, 12.4±0.5 to 12.4±0.8 for taste, 12.2±1.0 to 

12.4±1.1 for flavor and 12.3±1.4 to 12.6±1.1 for overall acceptability. 

Complementary food had high acceptability supplemented with combinations of 

legumes and cereal flours (Osundahunsi and Aworh, 2002). Pregelatinized maize-

sweet potato based complementary food hold stable color and improved sensory 

characteristics (Idowu et al., 1993). 

Earlier, the role of taste in complementary food choice was examined in children. 

Consumption of sour fruit based weaning food was preferred by 18 month old infants. 

However, salt based complementary food was mostly liked by toddlers. Additionally, 

in case of vegetables, their bitterness and sourness are the limiting factors for children 

acceptance (Schwartz et al., 2011). 

Indigenous food processing technologies as soaking, fermentation and germination 

have been used to increase protein quality by decreasing antinutrients. Weaning foods 

prepared from legumes may have many positive attributes: favorable texture, 

organoleptic quality, reduced bulk, enhanced shelf life, partial or complete 

elimination of antinutritional factors, reduced cooking time and improved nutritional 

value (Kannan et al., 2001). Conclusively, in present study sensory parameters of 

complementary foods were systematically scored by panelists. Nonetheless, one of the 

limitations is that members of sensory panelists were adults as practically it is 

impossible to conduct such analysis by infants. To enhance meticulousness, infants 

acceptability trail was also conducted by involving nursing mothers. However, our 

sensory results showed that the resultant complentary foods have high acceptance 

owing to appealing taste and smooth texture.  

4.10. Acceptability Study 

Complementary feeding, i.e. initiation of foods other than milk to infant, is a major 

step in the development of food acceptance behavior. It represents a critical stage 

concerning both nutritional and behavioral standpoints, likely to affect the infant's 
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growth and health. Complementary feeding is generally started when milk is no 

longer nutritionally sufficient, thus many studies related to complementary feeding 

have been conducted to estimate the nutritional requirements of the infants (Schwartz 

et al., 2011).  

Means squares for infants acceptability trial exhibited non-significant differences in 

complementary food samples whereas noticeable changes were perceived for the 

study period (Table 47). Five point hedonic scale based questionnaire (Appendix-III) 

was applied to document the infant acceptability through their nursing mothers as 

described by Mosha and Vincent (2004).  

Scores assigned to complementary foods by infants through their respective mothers 

twice  a day  were 3.07±0.17 to 3.25±0.16 at the beginning of study, while 3.28±0.19 

to 3.47±0.16 on 5th day, 3.68±0.15 to 3.75±0.12 on 10th day and 4.04±0.11 to 

4.16±0.13 for C2 and C1, respectively at the termination of trial (Table 48). 

Momentous differences were observed for infant acceptability during whole study 

period. The overall acceptability remained as low as 3.16±0.08 at start that reached to 

the maximum i.e. 4.09±0.06 at the ending of experiment (Table 49). The overall 

acceptability increased as infants are acclimatized to the complementary food with 

passage of time. 

At the initiation of the fortnight study, complementary foods had 61.40, 65.00 and 

63.20% acceptability values for C2, control and C1 formulations, respectively. 

Acceptability for the complementary foods was scaled up and observed to be 65.60 to 

69.40% at 5th day, 73.60 to 75.60% at 10th day and as high as 80.80 to 83.20% at the 

termination of trial (Figure 13).  

Increase in acceptability indicated that taste was adequate to persuade the infant’s 

perception as scores followed a linear trend with the succession of time. The results 

could be altered if infants rejected taste and reluctant to take complementary foods. 

No deleterious effects on infants health were observed during acceptability trial. The 

frequency distribution of acceptability exhibits some additional knowledge about 

sensory evaluation results (Temelli et al., 2004). Acceptability trial depicted the 

results of short term feeding of complementary food to infants through nursing 

mothers. The acceptability was altered during infant feeding trial as they developed 
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predilection for newly designed food (Ismail et al., 2000). 

Table 47. Mean squares for infant acceptability scores of complementary foods  

SOV df Infant acceptability 

Complementary foods 2 0.186ns 

Period (days) 3 4.920**  

Interaction 
(comp. food x days) 6 0.026 ns 

Error 108 0.102 

Total 119  

** Highly Significant 

 

 

Table 48.  Infant acceptability scores of complementary foods 

Complementary foods 1st Day 5th Day 10th Day 15th Day 

C1 3.25±0.16 3.47±0.16 3.75±0.12 4.16±0.13 

C2 3.07±0.17 3.28±0.19 3.68±0.15 4.07±0.12 

Control 3.16±0.18 3.47±0.13 3.78±0.14 4.04±0.11 

C1= LPI based complementary food  
C2= CPI based complementary food 
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Table 49.  Infant acceptability during the study period 

Day Infant acceptability 

1st  3.16±0.08c 

5th  3.40±0.10b 

10th  3.73±0.05ab 

15th  4.09±0.06a 

Means sharing the same letter in a column are not significantly different 

 

 

Figure 14. Percentage acceptability of complementary foods by infants 
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Figure 15: Infant acceptability of complementary foods  
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The findings of infant acceptability trial delineated a non-significant trend among the 

complementary food samples. However, acceptability values were enhanced with the 

passage of time showing liking of the infants. Earlier, Birch et al. (1998) determined 

that infant acceptability improves if they like food product during the adaptation 

period. Likewise, Maier et al. (2007) illustrated that infant’s acceptability augmented 

if they are provided the opportunity to consume food. Better paste stickiness resulting 

improvement in food acceptability as infants do not like thicker gruels (Opendi and 

Muyonga, 1999).  

In the nutshell, beyond the impact of nutritent density, hedonic response could also be 

one of the main factors determining acceptance of new food. Nonetheless, end users 

may have varied response regarding suitability of new products. Additionally, 

economic and social issues also affect the acceptability and sustainability of 

complementary formulations. In the developing world, integrating weaning products 

along with sound strategies to improve the health of both mother & child and social 

infrastructure are the considerate factors for overall improvement. Thereby, multiple 

approaches especially the addition of indigenous raw materials like legumes in 

various food products are supportive to address the challenge of protein deficiency, 

being faced by infants/children of the developing economies. 
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4.11. Correlation studies  

4.11.1. Correlation matrix for various characteristics of legumes 

Correlation matrix among different variables derived from chemical profiling, 

biological studies and essential amino acids of legumes protein isolates have been 

presented in Table 50a. Proximate composition of legumes with special reference to 

crude protein content exhibited linear relationship with isolates recovery,  protein 

yield, PDCASS, growth and nitrogen study parameters (p≤0.01) whereas, an inverse 

association was observed with that of crude fat, ash, lysine, valine (p≤0.05) and NFE 

of legumes (p≤0.01).  

Mondor et al., 2009 delineated that isoelectric precipitation is an effective method to 

prepare protein isolates with low phosphorous and phenolic contents thus higher yield 

is obtained. Furthermore, essential amino acids in legumes protein isolates elucidated 

good quality protein showing potential for infant formulations (Macrae et al., 1993; 

FAO, 2002; Seena et al., 2006). The ash content of legumes samples indicated 

positive correlation with NFE, threonine (p≤0.05), lysine and valine (p≤0.01). 

However, interrelated negatively with protein isolates recovery, yield, PDCASS and 

biological study parameters (p≤0.05). 

Protein isolates recovery, isolates crude protein and protein yield were positively 

correlated with PDCASS, growth & nitrogen study traits and lysine (p≤0.05; p≤0.01), 

while negative associations were recorded for valine (p≤0.01) and threonine (p≤0.05). 

Earlier, it was reported that grass pea contained 83.3–92.1% protein isolates, 59-65% 

protein yield and 91-98% protein content of isolates. During characterization of 

pigeon pea, protein yield was recorded as 49.7–63.6% for various isolates (Chavan et 

al., 2001). 

Likewise, PDCAAS of legumes samples showed positive correlation with biological 

study parameters (p≤0.05), leucine and tryptophan (p≤0.01) nevertheless, negative 

correlation was observed for aromatic amino acids (ARM), histidine (p≤0.05), lysine, 

threonine and valine (p≤0.01). The findings of Kannan et al., (2001) and Betancur-

Ancona et al., (2008) are in harmony with present results that PDCAAS takes into 

account three critical parameters of protein quality evaluation as essential amino acid 

profile, digestibility and ability to supply essential amino acids.  
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Protein efficiency ratio (PER) of legumes protein isolates in experimental rats was 

found to be correlated linearly with remaining growth study parameters namely NPR 

and RNPR and nitrogen study parameters (p≤0.05), leucine and tryptophan (p≤0.01). 

However, this trait showed negative association with lysine, threonine (p≤0.05) and 

valine (p≤0.01). Protein isolates from chickpea (Cicer arietinum) have protein 

efficiency ratio of 1.86 and relative net protein ratio of 77.4% (Ulloa et al., 2006). 

Moreover, net protein ratio (NPR) showed linear relationship with TD, NPU, 

(p≤0.01), RNPR, BV, leucine and tryptophan (p≤0.05) whilst, an inverse relationship 

with ARM, threonine (p≤0.05), lysine and valine (p≤0.01).  

Relative net protein ratio (RNPR) of legumes protein isolates depicted positive 

correlation with TD (p≤0.05), BV, NPU, leucine and tryptophan (p≤0.05) while, 

negative association towards threonine, valine (p≤0.05) and SAA (p≤0.01). The 

results of NPU are in corroboration with the findings of Anyika et al. (2009), they 

expounded brown Bambara groundnut and African yam bean have better NPU value 

as 73.17 and 71.04%. 

True digestibility (TD) of legumes in rats showed linear relationship with NPU 

(p≤0.01), BV, leucine and tryptophan (p≤0.05) whereas, an inverse relationship 

exhibited towards ARM, histidine (p≤0.05), lysine, threonine and valine (p≤0.01). 

Furthermore, biological value (BV) of legumes protein isolates delineated positive 

contribution towards NPU, leucine and tryptophan (p≤0.01) whereas, negative 

association for SAA (p≤0.01), histidine, threonine and valine (p≤0.05). 

Better digestibility specifies lower faecal nitrogen output and higher retention in 

animal bodies were reported previously and explicated that protein digestibility, 

modifies not only with limiting amino acid value but also rely on the essential amino 

acids of test proteins (Mepba and Achinewhu, 2003). Similarly, Boisen et al. (2001) 

reported that legumes have higher biological value due to better amino acid profile, 

digestibility and bioavailability strengthened the instant results. These are the factors 

linked with absorption and digestion consequently affecting the amount of dietary 

nitrogen lost. Moreover, net protein utilization showed linear relationship with leucine 

and tryptophan (p≤0.01) however, an inverse association was depicted with histidine, 

lysine, SAA (p≤0.05), threonine and valine (p≤0.01). Processing techniques not only 

influence the extraction yield but the quality of protein especially bioavailability 

(Lalles and Jansman, 1998).  
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Table 50a. Correlation matrix between different characteristics of legumes  
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Moisture 1.00                         

Crude protein -0.21ns 1.00                        

Crude fat -0.07ns -0.57* 1.00                       

Crude fiber -0.58* -0.39ns -0.13ns 1.00                      

Ash -0.25ns -0.79* 0.19ns 0.87** 1.00                     

NFE 0.12ns -0.98** 0.70* 0.35ns 0.75* 1.00                    

PIR -0.16ns 0.98** -0.43ns -0.53* -0.88** -0.95** 1.00                   

Isolates CP -0.17ns 0.89** -0.16ns -0.64* -0.91** -0.81** 0.96** 1.00                  

Protein yield -0.06ns 0.84** -0.09ns -0.74* -0.95** -0.76* 0.93** 0.99** 1.00                 

PDCAAS -0.09ns 0.75* 0.08ns -0.75* -0.91** -0.65* 0.86** 0.97** 0.98** 1.00                

PER -0.10ns 0.95** -0.33ns -0.62* -0.92** -0.90** 0.99** 0.98** 0.97** 0.91** 1.00               

NPR 0.09ns 0.77* -0.02ns -0.84** -0.97** -0.69* 0.87** 0.95** 0.99** 0.98** 0.93** 1.00              

RNPR -0.71* 0.76* -0.06ns -0.12ns -0.50* -0.65* 0.77* 0.82** 0.74* 0.75* 0.76* 0.63* 1.00             

TD 0.12ns 0.68* 0.10ns -0.87** -0.95** -0.59* 0.80** 0.92** 0.96** 0.98** 0.88** 0.99** 0.59* 1.00            

BV -0.67* 0.75* -0.01ns -0.18ns -0.54* -0.63* 0.78* 0.84** 0.77* 0.79* 0.77* 0.67* 1.00** 0.64* 1.00           

NPU -0.41ns 0.79* 0.04ns -0.48ns -0.76* -0.67* 0.86** 0.95** 0.93** 0.94** 0.89** 0.87** 0.93** 0.85** 0.95** 1.00          

ARM -0.40ns 0.16ns -0.75ns 0.75* 0.43ns -0.26ns -0.02ns -0.27ns -0.39ns -0.51* -0.15ns -0.51* 0.03ns -0.61* -0.05ns -0.29ns 1.00         

Histidine 0.31ns 0.03ns -0.84** 0.35ns 0.25ns -0.21ns -0.11ns -0.39ns -0.42ns -0.57* -0.21ns -0.44ns -0.47ns -0.53* -0.52** -0.58* 0.75** 1.00        

Isoleucine 0.42ns -0.33ns 0.81** -0.66* -0.28ns 0.42ns -0.15ns 0.11ns 0.23ns 0.36ns -0.02ns 0.36ns -0.16ns 0.47ns -0.09ns 0.14ns -0.99** -0.72* 1.00       

Leucine -0.51* 0.58* 0.32ns -0.40ns -0.60* -0.42ns 0.67* 0.83** 0.81** 0.87** 0.71* 0.76* 0.90** 0.77** 0.93** 0.95** -0.42ns -0.78** 0.29ns 1.00      

Lysine -0.49ns -0.51* -0.08ns 0.99** 0.93** 0.46ns 0.64* 0.74* 0.82** -0.83** -0.73* -0.91** -0.25ns -0.93** -0.30ns -0.59ns 0.70* 0.36ns -0.59* -0.49ns 1.00     

Threonine 0.30ns -0.40ns -0.53* 0.55* 0.61* 0.23ns -0.53* -0.75* -0.77* -0.87** -0.61* -0.77* -0.72* -0.81** -0.77* -0.87** 0.67* 0.90** -0.57* -0.95** 0.61* 1.00    

SAA 0.93** -0.45ns -0.13ns -0.24ns 0.11ns 0.32ns -0.44ns -0.51* -0.41ns -0.45ns -0.42ns -0.28ns -0.91** -0.26ns -0.89** -0.72* -0.14ns 0.52* 0.22ns -0.79* -0.12ns 0.61* 1.00   

Tryptophan -0.54* 0.36ns 0.52* -0.3ns -0.43ns -0.19ns 0.47ns 0.68* 0.66* 0.76* 0.53* 0.62* 0.81** 0.66* 0.84** 0.86** -0.50* -0.90** 0.41ns 0.97** -0.38ns  -0.96** -0.79 1.00  

Valine -0.03ns -0.74* -0.05ns 0.82** 0.95** 0.65* -0.85** -0.96** -0.99** -0.99** -0.91** -1.00** -0.67* -0.99** -0.71* -0.90** 0.54* 0.52* -0.39ns -0.81** 0.89** 0.82** 0.34 -0.69* 1.00 
NFE=nitrogen free extract; PIR= protein isolates recovery; isolates CP= isolates crude protein; PDCAAS= protein deficiency corrected amino acids score; PER= protein efficiency ratio; NPR= net protein raito; RNPR=relative net protein ratio; TD= true digestibility;  

BV= biological value; NPU=net protein utilization; ARM= aromatic amino acids; SAA= sulphur containing amino acids       
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Aromatic amino acids (ARM) of legumes protein isolates showed positive association 

with histidine, lysine, threonine and valine (p≤0.05) but was negative correlated with 

isoleucine (p≤0.01) and tryptophan (p≤0.05). Similarly, histidine showed linear 

relationship with threonine, SAA and valine (p≤0.05) whereas, negative association 

was recorded for isoleucine (p≤0.05) and tryptophan (p≤0.01). The isolecuine of 

legumes isolates revealed negative association towards lysine, threonine (p≤0.05) and 

valine (p≤0.01). Moreover, lysine content of legume protein isolates was linearly 

correlated with threonine (p≤0.05) and valine (p≤0.01).  

It was documented that legumes have better amino acid profile regarding lysine, 

leucine and provide balanced essential amino acids when consumed with cereals and 

other foods rich in sulphur-containing amino acids and tryptophan (Boye et al., 2009). 

In legumes, lysine is higher than sulphur containg amino acids (Bhagya et al., 2007). 

Methionine + cystine, therionine and lucine are the first, second and third limiting 

amino acids in chickpea (Arab et al., 2010). The essential amino acids profile of broad 

bean flour is similar to soybean except lower methionine/cystine and higher lysine 

contents (Mortuza et al., 2009). The presence of essential amino acids in sufficient 

amount increased the nutritive value of the protein that showed harmony with the 

present findings (Wang and Daun, 2006).  

4.11.2. Correlation matrix for complementary foods  

Correlation matrix among percent calorific value, per meal calorific value, nutrient 

density, bulk density and essential amino acids of complementary foods prepared 

from chickpea protein isolates (CPI), lentil protein isolates (LPI) and control were 

presented in Table 50b. Gross energy of the complementary foods showed linear 

relationship with percent calorific value of protein, per meal gross value (p≤0.05) and 

calorific value of protein, loose & packed bulk density, isoleucine, lysine, threonine, 

valine and overall acceptability of complimentary foods (p≤0.01). However, this 

parameter showed an inverse association with percent calorific value of fat, viscosity 

(p≤0.05), nutrient density of protein, reconstitution index, ARM, leucine and 

tryptophan of prepared complimentary foods (p≤0.01).  

Percent calorific value of fat showed linear association with reconstitution index, 

viscosity, lysine (p≤0.01), ARM, SAA, tryptophan and overall acceptability of 

complimentary foods (p≤0.05). However, negative association was exhibited towards 

per meal gross value, calorific value of protein, isoleucine, lysine (p≤0.01) and loose 

& packed bulk density of weaning formulations (p≤0.05). Moreover, percent calorific 
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value of protein exhibited positive correlation towards loose & packed bulk density, 

threonine, valine (p≤0.01), isoleucine, lysine and SAA (p≤0.05) whereas, this trait of 

complimentary foods showed negative association with that nutrient density of fat, 

histidine (p≤0.01), ARM and tryptophan (p≤0.05).  

It is deduced that per meal (30g) gross value of complimentary foods had positive 

contributions towards per meal calorific value of protein (p≤0.01), isoleucine, lysine 

and overall acceptability (p≤0.05) whereas, negative correlation was depicted with per 

meal calorific value of fat, protein nutrient density, reconstitution index, viscosity, 

ARM, tryptophan, (p≤0.05), leucine and SAA (p≤0.01). Per meal calorific value of 

protein exhibited linear relationship with loose & packed bulk density, isoleucine, 

threonine (p≤0.01) and valine (p≤0.05) whereas an inverse relationship was reported 

for nutrient density of protein, reconstitution index, viscosity, ARM, leucine and 

tryptophan (p≤0.01).      

Nutrient density of fat in complementary foods exhibited positive correlation with that 

of histidine (p≤0.01). In addition, this trait depicted negative associations with loose 

& packed bulk density, SAA, threonine (p≤0.05) and valine (p≤0.01). Nonetheless,  

nutrient density of protein  in various formulations showed linear association towards 

reconstitution index, viscosity, ARM, leucine, tryptophan and overall acceptability of 

complementary foods (p≤0.01) whilst, an inverse relationship was revealed for loose 

& packed bulk density, isoleucine, lysine, threonine (p≤0.01) and valine (p≤0.05). 

Earlier studies expounded that protein and fat are the major components of 

complementary foods that help to cope with the body needs of growing infants; lack 

of any constituent may lead to malnutrition. Furthermore, these components are 

illustrated on per calorie basis to endorse quantification of individual constituent in 

relation to total energy intake that would be supportive for physiological requirements 

of infants (Mosha and Vicent, 2004).  

Viscosity was positively correlated with leucine, overall acceptability (p≤0.01), ARM, 

SAA and tryptophan (p≤0.05) whereas negatively correlated with isoleucine, 

threonine (p≤0.05) and lysine (p≤0.01). Earlier, it was well documented that starch is 

a major ingredient liable for viscosity of complementary mix that may undergo some 

physicochemical changes during processing thereby altering the final paste 

characteristics. Appropriate viscosity with better nutrition bulk is a desired attribute of 

processed complementary foods (Suhasini and Malleshi, 2003). 
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Table 50b. Correlation matrix between different characteristics of complementary foods 
  Percent calorific value Per meal calorific value Nutrition density Bulk density   Essential Amino Acids  
 Parameters  
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Gross energy 1.00                      

 
Fat -0.76* 1.00                     

 
Protein 0.65* 0.01ns 1.00                    
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Gross value 0.66* -0.99** -0.15ns 1.00                   

 
Fat -0.98** 0.87** -0.49ns -0.49* 1.00                  

 
Protein 0.96** -0.91** 0.40ns 0.85** -0.99** 1.00                 

N
ut

ri
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ity

  
Fat -0.38ns -0.32ns -0.95** 0.45ns 0.20ns -0.09ns 1.00                

 
Protein -0.97** 0.89** -0.44ns -0.48** 1.00** -1.00** 0.14ns 1.00               

B
ul

k 
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ity

  
Loose 0.96** -0.55* 0.83** 0.42ns -0.89** 0.84** -0.62* -0.87** 1.00              

 
Packed 0.96** -0.55* 0.83** 0.42ns -0.89** 0.84** -0.62* -0.87** 1.00** 1.00             

 

 
Reconstitution index -0.90** 0.97** -0.25ns -0.92** 0.46** -0.99** -0.07ns 0.98** -0.74* -0.74* 1.00            

 
Viscosity -0.79* 1.00** -0.05ns -0.98** 0.89** -0.94** -0.26ns 0.92** -0.60* -0.60* 0.98** 1.00           
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ARM -1.00** 0.72* -0.69* -0.61* 0.97** -0.94** 0.43ns 0.95** -0.98** -0.98** 0.87** 0.76* 1.00          

 
Histidine -0.36ns -0.34ns -0.94** 0.47ns 0.17ns -0.07ns 1.00** 0.12ns -0.60* -0.60* -0.09ns -0.29ns 0.41ns 1.00         

 
Isoleucine 1.00** -0.72* 0.69* 0.61* -0.97** 0.94** -0.43ns -0.96** 0.98** 0.98** -0.87** -0.76* -1.00** -0.41ns 1.00        

 
Leucine -0.91** 0.96** -0.27ns -0.91** 0.97** -0.99** -0.05ns 0.98** -0.75* -0.75* 1.00** 0.98** 0.88** -0.07ns -0.88** 1.00       

 
Lysine 0.99** -0.85** 0.51* 0.77* -1.00** 0.99** -0.22ns -1.00** 0.90** 0.90** -0.96** -0.88** -0.98** -0.20ns 0.98** -0.96** 1.00      

 
SAA -0.19ns 0.79* 0.62* -0.87** 0.37ns -0.47ns -0.84** 0.42ns 0.09ns 0.09ns 0.61* 0.75* 0.14ns -0.85** -0.14ns 0.59* -0.35ns 1.00     

 
Threonine 0.94** -0.49ns 0.86** 0.37ns -0.86** 0.80** -0.66* -0.83** 1.00** 1.00** -0.70* -0.55* -0.96** -0.65* 0.96** -0.71* 0.88** 0.15ns 1.00    

 
Tryptophan -1.00** 0.70* -0.70* -0.60* 0.97** -0.93** 0.45ns 0.95** -0.98** -0.98** 0.86** 0.75* 1.00** 0.43ns -1.00** 0.87** -0.97** 0.12ns -0.97** 1.00   

 
Valine 0.81** -0.23ns 0.97** 0.10ns -0.69* 0.61* -0.85** -0.65* 0.94** 0.94** -0.47ns -0.29ns -0.85** -0.83** 0.84** -0.49ns 0.71* 0.42ns 0.96** -0.85** 1.00  

 

 
Overall acceptability -0.73* 1.00** 0.05ns 0.69** 0.84** -0.90** -0.36ns 0.87** -0.51* -0.51* 0.96** 0.99** 0.69* -0.38ns -0.69* 0.95** -0.83** 0.81** -0.46ns 0.67* -0.19ns 1.00 
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Results pertaining to present work are in agreement with Zanna and Milala (2004), 

Lalude and Fashakin, (2006), Chakravarthi and Kapoor, (2003) that cowpea based 

mixtures and sorghum based complementary foods have desirable viscosity that 

ultimately improved the overall acceptability. Better paste stickiness resulting 

improvement in food acceptability as infants do not like thicker gruels (Opendi and 

Muyonga, 1999). 

Overall acceptability of the complementary foods showed linear relationship with 

nutrient density of protein, reconstitution index, viscosity, ARM, leucine, and SAA 

(p≤0.05) while negatively associated with gross energy, per meal calorific value of 

protein, loose & packed bulk density, isoleucine and SAA (p≤0.05). The frequency 

distribution of acceptability exhibits some additional knowledge about sensory 

evaluation results (Temelli et al., 2004). The acceptability was altered during infant 

feeding trial as they developed predilection for newly designed food (Ismail et al., 

2001).  

Correlation studies highlighted strong association among different variables 

considering their positive and negative contributions. The present informations are 

also useful for the researchers to access the impact of individual trait on specific 

characteristics to enhance diligence for further explorations.  
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CHAPTER 5 

SUMMARY 
 

In developing world, large segments of population particularly children are suffering 

from protein energy malnutrition. Recent nutritional surveys have identified a 

widening gap between population demand and protein supply. Hence, to overcome 

the menace there is a dire need to explore some novel protein sources to bridge the 

mounting lacuna. Accordingly, various studies are being carried out to assess the 

potential of legumes as an efficient dietary protein source. In present investigation, 

extraction, characterization and bio-evaluation of protein isolates from different 

indigenous legumes i.e. chickpea, lentil, broad and kidney beans were carried out. On 

the basis of overall yield, functional properties and bio-evaluation, two best protein 

isolates along with control were selected for complementary foods preparation.  

Proximate profiling is a key indicator to assess the nutritional status of any ingredient 

intended for food use. In this context, proximate composition of legumes indicated 

moisture content ranged from 8.01±0.38 to 12.97±0.71% in the selected legumes. 

However, crude protein content differed significantly and maximum value was 

observed in lentil (31.12±1.68%) followed by chickpea (22.83±1.07%), broad bean 

(22.61±1.24%) and minimum in kidney bean (20.09±0.52%). Crude fat was found 

maximum in chickpea i.e. 5.43±0.26% that differed significantly from remaining 

legumes ranging from 0.81±0.04 to 2.67±0.15%. Crude fiber and ash contents were 

within the range of 2.46±0.13 to 6.78±0.17 and 2.62±0.31 to 3.85±0.10%, 

respectively whereas NFE varied non-significantly from 52.63±2.22 to 57.67±1.48%. 

Anti-nutritional factors of legumes that hinder the absorption of various nutrients 

were estimated. Before treatment, maximum phytates were present in kidney bean 

(21.00±0.54mmol/kg) followed by broad bean (20.50±1.12mmol/kg), lentil 

(3.50±0.21mmol/kg) and minimum in chickpea (1.00±0.05mmol/kg). Similarly, 

haemagglutin-lectin was highest in broad bean (48.50±2.65activity/mg) followed by 

lentil (20.45±1.83activity/mg), chickpea (5.25±0.25activity/mg) and lowest in kidney 

bean (1.90±0.05activity/mg). The highest trypsin inhibitor activity was observed in 

chickpea (10.50±0.49TIU/mg) followed by lentil (7.50±0.37TIU/mg), kidney bean 

(4.01±0.10TIU/mg) and lowest in broad bean (3.35±0.18TIU/mg). Heat treatment 
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dissociated the phytate complex, degrade the haemagglutinine-lectine and inhibit 

activity of trypsin effectively thereby reduced these anti-nutritional factors. After 

treatment, phytate content in kidney bean was observed to be 6.54±0.17% followed 

by broad bean 4.73±0.26%, lentil 0.73±0.03% and minimum in chickpea 0.31±0.01%. 

The highest reduction in haemagglutinin-lectin was found in broad bean 

(10.90±0.50activity/mg) followed by chickpea (1.09±0.05activity/mg), lentil 

(0.89±0.05activity/mg) and kidney bean (0.88±0.02activity/mg). Additionally, after 

heat treatment the highest trypsin inhibitor activity was detected in chickpea 

(2.00±0.09TIU/mg) followed by kidney bean (1.95±0.05TIU/mg), broad bean 

(1.07±0.06TIU/mg) and the lowest in lentil (0.51±0.03TIU/mg). 

Protein isolates were prepared by isoelectric precipitation method, indicated that 

maximum protein content was 84.66±6.48% in lentil protein isolates (LPI) followed 

by 80.67±3.80% in chickpea protein isolates (CPI), 77.64±4.25% in broad bean 

protein isolates (BPI) and minimum 72.69±3.87% in kidney bean protein isolates 

(KPI). The highest isolate recovery (29.58±1.49g/100g) was revealed in LPI followed 

by 20.70±0.97 g/100g in CPI, 19.68±1.08g/100g in BPI and minimum 

14.60±0.38g/100g in KPI. Considering the protein yield, the highest value was 

estimated in LPI (80.47±5.71%), whilst 73.14±3.44 & 67.58±3.70% in CPI & BPI, 

respectively. The lowest yield was found to be 52.83±3.36% in KPI. 

Functional properties of resultant isolates explicated maximum bulk density in LPI 

(1.12±0.03g/cm3) that differed significantly from remaining isolates having non-

significant differences i.e. 0.68±0.05, 0.49±0.04 & 0.47±0.02g/cm3 in CPI, KPI & 

BPI, respectively. Maximum water absorption capacity was noticed in CPI 

(2.24±0.22mL/g), following LPI (1.66±0.04mL/g) and BPI (1.26±0.06mL/g), might 

be due to occurrence of polar amino acids at primary cites of protein-water interface. 

However, lowest water absorption capacity of KPI (0.39±0.03mL/g) was owing to 

conformational changes in protein. The oil absorption capacity of respective protein 

isolates range+d from 1.76±0.04 to 3.54±0.27mL/g. 

Protein isolates from tested legumes exhibited better foaming properties due to 

flexible nature of protein molecules. Maximum foaming capacity (FC) was exhibited 

by BPI (50.58±2.38mL) followed by KPI (29.80±2.42mL), LPI (25.68±0.58mL) and 

CPI (22.62±1.73mL). Highest foaming stability (FS) was found in LPI 
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(60.48±1.37min) whilst lowest in KPI (30.54±2.48min) was noticed. Moreover, 

decrease in both parameters was observed in case of KPI and LPI.  

Legume protein isolates showed emulsion activity (EA) within the range of 

21.73±1.66 to 72.84±1.64% with highest in LPI. There were non-significant 

variations between BPI and KPI. Maximum emulsion stability (ES) was found in LPI 

(43.35±0.98%) followed by CPI (39.41±3.02%) & KPI (33.71±2.74%). Minimum 

nitrogen solubility (4-7%) was observed at pH 4.0 might be due to isoelectric region. 

A marked increase was observed in nitrogen solubility at pH 8.0 as it reached an 

index of 60-68%. Protein isolates showed a moderate increase in solubility index 

ranging from 70-79% up to pH 12.0.  

Gel strength of LPI was better amongst all isolates showing cohesiveness of gel at 

14% protein solution. The other two isolates, BPI and KPI exhibited similar pattern of 

gel formation i.e. 16%. Gelation tendency was detected as 12 to 14% concentration of 

protein isolates while a stable gel was observed at 16% concentration to onward. 

Electrophorogram of SDS-PAGE revealed protein subunits within the range of 4 to 

70kDa. 

Protein quality depends primarily on its essential amino acid thus under discussion 

legume protein isolates depicted better essential amino acids profile. Maximum lysine 

content (4.54±0.21g/100g) was found in KPI followed by CPI (3.70±0.09g/100g) and 

LPI (3.66±0.20g/100g), whilst BPI exhibited the lowest value (3.51±0.21g/100g) for 

this trait. 

KPI had significantly the highest aromatic amino acids (6.64±0.31g/100g), however, 

BPI had the maximum amount of sulphur containing amino acids (2.06±0.14g/100g). 

Additionally, histidine (1.49±0.07g/100g) and valine (2.08±0.09g/100g) were at upper 

limit in KPI, whilst lower value for isoleucine (1.68±0.07g/100g), leucine 

(4.65±0.21g/100g) and threonine (1.61±0.04g/100g) was observed in CPI. 

Nontheless, tryptophan ranged from 0.44±0.02 to 0.79±0.02g/100g. Legume protein 

isolates were found to be a good source of quality protein as they contribute required 

amount of essential amino acids for pre-schoolers. The sulfur containing amino acid 

was found to be the first limiting amino acid in legume protein isolate including CPI, 

BPI and KPI, whilst tryptophan in LPI. The amino acid score of legumes protein 
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isolates remained 56.0, 40.0, 40.0 and 39.6 for KPI, LPI, BPI and CPI, respectively.  

The higher protein digestibility corrected amino acid score (PDCAAS) value 

(71.53±0.02%) was in LPI for the year (2009-10) followed by CPI (70.48±0.02%), 

BPI (67.60±0.02%) and KPI (62.38±0.03%). Similarly, maximum PDCAAS (2010-

11) was revealed in LPI (73.23±0.02%), followed by CPI (72.58±0.02%) and BPI 

(69.40±0.02%). Moreover, the lowest value was observed in KPI (64.78±0.02%). 

Traits linked with protein bio-evaluation were affected significantly by tested diets in 

Sprague Dawley rats. In 2009-10, growth study parameters depicted maximum 

protein efficiency ratio (PER) in LPI (2.41±0.12), followed by CPI (2.09±0.09) and 

BPI (2.00±0.14) whereas, the lowest PER value (1.81±0.09) was observed in diet 

comprised of KPI. Two reference diets including casein and soy had PER value of 

2.89±0.14 and 2.68±0.19, respectively. Similar pattern for PER was observed in the 

next year 2010-11.  

For net protein ratio (NPR) the LPI displayed maximum value 3.19±0.16 as compared 

to CPI, BPI and KPI i.e. 3.01±0.14, 2.90±0.14 and 1.99±0.08, respectively in 2009-

10. Similar pattern of NPR was observed in 2010-11 showing highest value for LPI 

(3.48±0.16) tracked by CPI (3.19±0.14) and BPI (3.00±0.18) whereas the lowest NPR 

value (2.21±0.13) was observed for KPI diet. The RNPR ranged from 48.43±3.46 to 

85.68±4.08 and 49.38±3.52 to 86.82±4.17 in respective diets during the years 2009-

10 & 2010-11.  

Regarding nitrogen balance study parameters, in experimental diets highest true 

digestibility (TD) 78.94±3.52% was observed for year 2009-10 in LPI whilst, values 

76.41±3.47, 69.66±2.97 and 40.22±2.01% TD were observed for CPI, BPI and KPI, 

respectively. Similarly, the highest TD (2010-11) was revealed in LPI (79.65±3.58%) 

followed by CPI (77.19±3.46%) and BPI (70.48±3.96%) whereas lowest values for 

this trait was observed in KPI (41.47±2.45%).  

The biological value (BV) of legume protein isolates based diets showed the highest 

value in LPI (84.39±4.97%) followed by CPI (78.59±3.57%), KPI (58.55±3.44%) 

whilst the lowest in BPI (54.56±2.89%) during the year 2009-10. Likewise, maximum 

BV was observed in LPI (85.78±4.08%) followed by CPI (79.51±3.61%), KPI 
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(61.40±3.43%) whereas minimum value in BPI (55.92±2.85%) in the up-coming year 

2010-11. The NPU values ranged from 44.69±2.92 to 74.43±3.15% and 46.44±2.56 to 

75.60±3.24% in selected years. 

Two best proteins isolates i.e. lentil protein isolates (LPI) and chickpea protein 

isolates (CPI) were selected on the basis of overall yield, functional properties and 

bio-evaluation for further utilization in complementary foods. The prepared 

complementary foods based on LPI (C1) and CPI (C2) congregated the FAO criteria 

for supplementary infant foods and had moisture 2.46±0.18 to 2.54±0.25%, crude 

protein 14.71±1.32 to 15.26±1.17%, crude fat 14.64±1.31 to 14.75±1.08%, crude 

fiber 2.43±0.21 to 2.49±0.18%, ash 2.87±0.25 to 3.07±0.31% and NFE 61.85±4.53 to 

62.67±6.32%.  

Moreover, gross calorific values were 401.70±20.42, 401.15±20.50 and 

410.16±20.90kcal/100g for C1 (LPI based complementary food), C2 (CPI based 

complementary food) and control complementary food, respectively. The maximum 

calorific value was contributed by fat (126.81±6.49 to 129.49±6.48kcal/100g) 

followed by protein (59.56±3.01 to 59.85±3.38kcal/100g). Formulations in current 

study are capable of delivering 120.22±6.80, 122.49±6.36 and 123.27±6.09kcal gross 

energy per single meal for C1, C2 and control, respectively. 

Nutrient density of the formulations was good enough to meet the physiological 

demand of infants. It ranged from 3.44±0.25 to 3.49±0.20g/100Kcal and 3.59±0.13 to 

3.69±0.17g/100Kcal for fat and protein, respectively. The mean squares regarding 

bulk density exhibited non-significant variations among the samples. The means for 

loose and packed bulk density ranged from 0.43±0.02 to 0.46±0.03 and 0.49±0.01 to 

0.52±0.03g/mL, respectively. Likewise, means for reconstitution index were 

55.45±2.06 & 54.45±2.49mL for C1 & C2, respectively and remained as 

52.92±2.76mL for control. The means for viscosity were 2095.96±103.50, 

2084.16±101.43 and 2075.11±103.68cps for C1, C2 and control, respectively.  

In case of essential amino acid of complementary food, aromatic amino acid (ARM) 

ranged from 3.40±0.20-9.15±0.44g/100g. The lowest value for sulfur containing 

amino acids in control may be attributed due to deficiency of such amino acids in soy 

protein. Arginine was higher in experimental formulations (C1 and C2) than that of 
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control, whereas alanine, aspartic acid, glutamic acid, glycine, proline and serine 

content were slightly higher in control.  

A single meal (30g) of the two experimental formulations namely C1 and C2 are 

providing ARM (89.64 to 91.16%), histidine (81.93 to 87.09%), isoleucine (62.17 to 

69.66%), leucine (68.81 to 69.55%), lysine (47.42 to 48.76%). Although, these 

formulation also possessed SAA (55.35 to 58.48%), threonine (75.44 to 78.57%), 

tryptophan (104.60 to 104.68%) and valine (54.57 to 56.23%) for infants.  

The complementary foods made from legume protein isolates had uniform texture, 

light golden color and better paste consistency. Hedonic response for the sensory 

traits differed non-significantly within the weaning foods. Sensory parameters 

explicated 11.38±0.59 to 11.80±0.66 scores for color, while 11.36±0.52 to 11.73±0.68 

for texture, 12.15±0.60 to 12.46±0.58 for ease of preparation, 12.05±0.56 to 

12.25±0.51 for smoothness, 10.44±0.56 to 10.65±0.65 for thickness, 12.15±0.56 to 

12.45±0.63 for sweetness, 12.07±0.56 to 12.43±0.61 for taste, 12.14±0.59 to 

12.27±0.55 for flavor and 12.15±0.67 to 12.53±0.65 scores for overall acceptability. 

The acceptability appraisal of prepared infant formulations was conducted through 

short term infant feeding trial with the help of nursing mothers. The acceptability 

remained as 61.40 to 65.00% at the initiation of study and reached to 80.80 to 83.20% 

at the end of trial. It is assumed from the current study that the resultant protein 

isolates from LPI and CPI were better with respect to functional and nutritional 

attributes and efficiently be used in complementary formulations.  

Correlation coefficient indicated protein isolates recovery, isolates crude protein and 

protein yield were linearly correlated with PDCASS, growth & nitrogen study traits 

and lysine (p≤0.05; p≤0.01), while inversely associated with valine (p≤0.01) and 

threonine (p≤0.05). Likewise, overall acceptability of the complementary foods 

showed positive contribution towards nutrient density of protein, reconstitution index, 

viscosity, ARM, leucine, and SAA (p≤0.05). Information obtained from present 

investigation can be valuable for the researchers to understand compositional, 

functional and nutritional characteristics of legume protein isolates and their 

applications for intended food use.  
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RECOMMENDATIONS 

 
 

 Legumes i.e. lentil and chickpea protein isolates should be used for the 
production of complementary formulations to cope with the protein demand of 
infants 
 

 Resultant legume isolates should be declared as a valuable protein source and 
their utilization needs to be encouraged among the stake holders 

  
 Some other sources of quality protein should be explored in future research  

Investigations to meet the protein requirements of people 
 

 Nutritional support programs ought to be launched to alleviate the existing 
menace of protein energy malnutrition and create awareness among the public 
    

 Functional/therapeutic potential of legumes should be probed to attenuate life 
style related disorders 
 

 Dieticians should recommend legume enriched products to ameliorate the 
protein deficiency in masses 
 

 Advanced protein extracted procedures and analytical techniques should be 
adopted to enhance meticulousness in the subject  
 

 Community based trials and cohort studies should be conducted for further 
diligence regarding the concern  
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             APPENDIX-I 
 

VITAMIN AND MINERAL MIXTURE USED IN THE STUDY 

Vitamins  Weight 
 (g) Minerals `  Weight 

(g) 

Thiamine hydrochloride  0.060 Calcium citrate  308.2 

p-aminobenzoic acid 12.000 H2HPO4  218.7 

Choline chloride 12.000 Ca(H2PO4).2H2O  112.8 

Nicotine acid  4.000 HCL  124.7 

Inositol  4.000 NaCl  77.0 

Calcium pentothenate 1.200 CaCO3  68.5 

Pyridoxine hydrochloride 0.040 MgCO3. 
Mg(OH)2.3H2O  35.1 

Riboflavin  0.200 MgSO4 anhydrous   38.3 

Biotin  0.040 Ferric ammonium 
citrate 

91.41 

16.7 

Folic acid  0.040 CuSO4.5H2O 5.98 

Cyanocobalamin  0.001 NaF 0.76 

Maize starch  966.419 Mn(SO4)2. 12H2O 1.07 

  KAl(SO4)2. 12H2O 0.54 

  KI 0.24 

    
 1000.00  100.00 

 
 
 
 
 

 



 
 

164

APPENDIX-II 
 

SENSORY RESPONSE OF COMPLEMENTARY FOODS 
Time.....................       Date..................... 
Instructions  

1. Read carefully the description of easy attributes 
2. Rate your liking by putting (x) on lines for respective samples  
3. Don’t disturbed the order of the samples 
4. Fill the first two parameters for complementary food dry mix 
5. Prepared food with measured worm water provided with respective food 

sample   

 
Color  Intensity of “light brown” color, typical of complementary foods   
  Not at all intense         Very 
intense 
296:  
312:  
635:  
Ease of preparation  Intensity of “reconstitution” of dry mix 
  Not at all easy         Very easy  
296:  
312:  
635:  
Smoothness   Intensity of “fineness of paste of complementary foods   
  Not at all smooth        Very 
smooth 
296:  
312:  
635:  
Thickness   Intensity of “viscosity” of complementary foods   
  Not at all appalling         Very appealing  
296:  
312:  
635:  
Sweetness   Intensity of “sweetness” of complementary foods   
  Not at all good          Very good 
296:  
312:  
635:  
Flavor  Intensity of “flavor” of complementary foods   
  Not at all good         Very good 
296:  
312:  
635:  
Texture   Intensity of “fineness” of particles of dry mix  
  Very poor          Very fine 
296:  
312:  
635:  
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Taste   Intensity of “taste” suitable to infant food   
  Not suitable at all       Very much 
suitable  
296:  
312:  
635:  
Overall acceptability  Overall acceptability of complementary foods   
  Highly unacceptable       Very acceptable  
296:  
312:  
635:  
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APPENDIX III 
 

PERFORMA FOR INFANT ACCEPTABILITY OF 
COMPLEMENTARY FOODS 

Date of beginning of trial .............................  
Rate of Linking for Complementary Foods by your infant (1st Day) 
 
 
 
 
 
 
Rate of Linking for Complementary Foods by your infant (5th Day) 
 
 
 
 
 
 
Rate of Linking for Complementary Foods by your infant (10th Day) 
 
 
 
 
 
 
Rate of Linking for Complementary Foods by your infant (15th Day) 
 
 
 
 
  
 
 
Name ___________________ 
 Location _________________ 
 Food Code_______________ 
1=Rejected 
2=Accepted only if hunger 
3=Moderately accepted 
4=Accepted   
5=Highly accepted    
 Direction: 
 Please mark each box regarding question on respective day  
 Prepare food with warm measured with the graduated cup given with food  
 Note down on separated sheet if any diet related health consequences appears in your infant  

 

Rejected 
Accepted 

only if 
Hunger  

 

Moderately 
Accepted  

 

Highly 
Accepted  

 
Accepted 

 

Rejected 
Accepted 

only if 
Hunger  

 

Moderately 
Accepted  

 

Highly 
Accepted  

 
Accepted 

 

Rejected 
Accepted 

only if 
Hunger  

 

Moderately 
Accepted  

 

Highly 
Accepted  

 
Accepted 

 

Rejected 
Accepted 

only if 
Hunger  

 

Moderately 
Accepted  

 

Highly 
Accepted  

 
Accepted 
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APPENDIX IV 
 

PROTEIN AND ENERGY REQUIREMENT OF INFANTS 
Age (months)  Protein (g/day) Energy (kcal/day) 

0-5 13 480 

5-10 18 620 

10-24 20 730 

 

 


