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ABSTRACT  12 
 13 
Aims: To investigate the effect of fermentation and extrusion on the anti-nutritional 
properties, starch and protein digestibility of millet and soybean flour. 
Methodology:  Four combinations (100, 90:10, 80:20, and 70:30) of millet and defatted 
soybean flour blends were separated into two batches. A batch of the combination was 
extruded in a laboratory single screw extruder. The other batch was separately hydrated, 
preconditioned and extruded. The raw flour blends and extrudates were subjected to 
antinutritional analysis, starch and protein digestibility, using standard methods. 
Results:  Tannin, saponin, trypsin inhibitor, and phytate contents significantly changed in all 
the extrudates. However, the fermented-extruded (FE) blends recorded highest reduction in 
all antinutrients. Saponin contents observed a change from 11.65 -13.08% (raw flour 
blends), to 4.98-6.54% (extruded (E) blends), and 2.13-3.19% (FE blends). Tannin contents 
changed from 0.1235-0.1412mg/g (raw flour blends) to 0.0988-0.1083mg/g (E blends) and 
0.0838-0.0962mg/g (FE blends). Trypsin inhibitors changed from 50.13-56.02% (raw flour 
blends) to 34.10-37.76% (E blends) and 32.98-41.89% (FE blends). Phytic acid contents 
also changed from 9.311-10.600mg/g (raw flour blends) to 6.810-7.416mg/g (E blends) and 
4.944-6.361mg/g (FE blends). Invitro starch digestibility was significantly higher (P<0.05) 
from 0.2615-0.3509mg/g (raw flour blends) to 0.3246-0.4204mg/g (E blends), and 0.3877-
0.4699mg/g (FE blends). As compared to the raw flour blends, protein digestibility 
significantly changed from 0.0298-0.0328mg/g (raw flour blends) to 0.0817-0.0665mg/g (E 
blends) and 0.0931-0.0753mg/g (FE blends). 
Conclusion:  From the results of this research, it is evident that fermentation and extrusion 
will produce acceptable products and increase the nutritional and sensory attributes of the 
product. 
 14 
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1. INTRODUCTION  19 
 20 
Pearl millet (Pennisetum glaucum) ranks as the World′s 4th most important tropical food 21 
cereal, with 26 million ha (64million acres). It has been grown in Africa and Indian sub-22 
continent since pre-historic times [1]. From a nutritional point of view point, pearl millet is an 23 
attractive food grain. Several studies indicate that metabolizable energy of pearl millet for 24 
non-ruminant animals is approximately equal to that of maize [2,3,4]. When compared to 25 
maize on a weight basis, pearl millet is about 60% higher in crude protein, 40% richer in 26 
lysine and methionine, and 30% richer in threonine [5]. 27 



 
 

 28 
Soybean (Glycine max) is a legume native to East Africa, widely grown for its edible bean 29 
which has numerous uses. The plant is classified as an oil seed, rather than a pulse by the 30 
United Nation Food and Agricultural organisation (FAO) [6]. Soybean belongs to the family 31 
Leguminosae. Soyabean is a very rich source of essential nutrients, and one of the most 32 
versatile food stuff. It possesses good quality protein which is comparable to other protein 33 
foods and is suitable for all ages, from infants to the elderly. Soybean protein contains all the 34 
essential amino acids, except methionine which is relatively low. However, it is a good 35 
source of lysine [7]. Soyabean is a good source of energy. 36 
 37 
Fermentation is one of the oldest and most economical methods of processing and 38 
preserving foods. Whole or ground seeds, either raw or cooked can act as substrate for 39 
fermentation. The fermented legumes and cereals are popular due to improved sensory 40 
characteristics, protein quality, starch disgestibility and contents of some minerals and 41 
vitamins, as well as partial or complete elimination of antinutritional factors. The fermented 42 
legumes and cereals are popular due to improved sensory characteristics, protein quality, 43 
starch disgestibility and contents of some minerals and vitamins, as well as partial or 44 
complete elimination of antinutritional factors.  45 
 46 
Extrusion cooking is a high-temperature, short-time process in which moistened, expansive, 47 
starchy and/or proteinacious food materials are plasticised and cooked in a tube by a 48 
combination of moisture, pressure, temperature and mechanical shear, resulting in 49 
molecular transformation and chemical reactions [8,9]. Extrusion cooking is preferable to 50 
other food processing techniques in terms of continuous process with high productivity and 51 
significant nutrient retention , owning to the high-temperature and short-time required. 52 
 53 
Fermentation may improve the quality of legumes and cereals due to the removal of some 54 
antinutritional factors. In most cases, fermentation contributes to the masking of undesirable 55 
odours and flavours while impacting desirable flavour to the finished products. More 56 
importantly, fermentation is reported to enhance digestibility of starting materials by breaking 57 
down complex protein structures. Fermentation can also be a cheaper means of food 58 
preservation.Thus a combination of two or more methods of processing is required. 59 
 60 
Extrusion cooking is preferable to other food processing techniques in terms of continuous 61 
process with high productivity and significant nutrient retention owing to high temperature 62 
and short time required. According to Pehanich [10], many consumers have taken gradually 63 
to extruded foods. Hence, there is the need to improve the nutritional quality of extruded 64 
foods by supplementing with proteinacious food plants. In addition, the extrusion process 65 
denatures undesirable enzymes inactivates some antinutritional factors (trypsin inhibitors, 66 
haemoglutinins, tannins and phytates) extrusions also sterilizes the finished product, and 67 
retains natural colours and flavours of foods [11,12]. 68 
 69 
Determination of nutritional quality owing to undesirable antinutrients is a challenging 70 
problem in most traditional cooking methods. Antinutritional factors lower the nutritional 71 
value of foods by lowering the digestibility or bioavailability of nutrients [13].  Some of these 72 
substances may reduce the bioavailability of minerals either due to formation of extreme 73 
insoluble salts or very poorly dissociated chelates [14]. The removal of undesirable 74 
components is essential to improve the nutritional quality of legumes and cereals. In this 75 
way, they could effectively be utilized to their full potential as human food. It is widely 76 
accepted that simple and inexpensive traditional processing techniques are effective 77 
methods of achieving desirable changes in the composition of seeds.  78 
 79 



 
 

In many instances, the use of only one method of processing may not impact the desired 80 
level of removal of anti-nutritional compounds, improvement of nutritional quality and 81 
digestibility as well as bioavailability of minerals. New food processing technologies such as 82 
extrusion cooking combined with fermentation can provide alternatives for improving the 83 
nutritional quality of the food.  84 
 85 
The objective of this study was to determine the effect of the combination of both processing 86 
techniques on the starch/protein digestibility and some non-nutrient components of extruded 87 
food processed from millet and defatted soybean flour. The specific objective was therefore 88 
aimed at making extrusion and fermentation, a process that is more efficient in terms of 89 
digestibility and safety. 90 
 91 
2. MATERIALS AND METHODS  92 
 93 
2.1 Materials              94 
 95 
Millet (Pennisetum glaucum) was purchased from Uchi market, Auchi, Edo state; while 96 
defatted soy bean flour (Variety TGX 1448-2E) was purchased from IITA (International 97 
Institute of Tropical Agriculture), Ibadan, Oyo state.                     98 
 99 
2.2 Processing of Millet Grains to Flour          100 
  101 
Dried millet grains were sorted and cleaned to remove stones and other foreign materials. 102 
The sorted grains were washed and thoroughly sun dried for 24 hours. The clean dried millet 103 
grains were then fed into attrition mill (Model 200L090, E.H. Bentall, UK). The milled flour 104 
was sieved into fine flour. 105 
 106 
2.3 Processing of Soybean to Defatted Flour 107 
 108 
Soybean seeds were cleaned by sorting out dirts, leaves and stones. The clean soybean 109 
seeds were coarsely milled to separate the coat from the cotyledon. The dehulled seeds 110 
were milled to fine soybean flour using an attrition mill. The fine soybean flour was then 111 
deffated using cold extraction with n-hexane from a 21% fat content to 15.17%. The deffated 112 
flour was then air-dried and the clumps broken into fine flour, and then sieved through 60ʯm 113 
mesh screen.           114 
 115 
2.4 Formulation of Millet and Defatted Soybean Flou r Blends                                                                                                                                            116 
 117 
The flour samples from millet and defatted soybean were mixed at four (4) level 118 
combinations: 100; 90:10; 80:20 and 70:30.       119 
 120 
The blends were separated into two batches from each combination. The two batches of the 121 
flour blends were stored in a clean sterile polythene bags, tightened at tips, and kept in 122 
appropriately labelled plastic bowls with cover lids. A batch of the flour blends were 123 
separately hydrated and preconditioned by adding the appropriate amount of water, and 124 
manually mixed in a sterile wide bowl, to ensure even moisture distribution.  125 
 126 
The second batch of the flour blends were separately fermented (75ml of water to 100g of 127 
the flour blend) for 72 hours using solid state fermentation method of AOAC [15].  128 
 129 
 130 
 131 
 132 



 
 

2.5 Extrusion Process                                                                                         133 
 134 
Extrusion of the two batches of flour blends was carried out in a Brabender 20DN single-135 
screw laboratory extruder (Brabender OHG, Duisburg, Germany) having a uniformly tapered 136 
screw with a nominal compression ratio of 2:1, diameter 19/mm, length to diameter ratio 137 
20:1, die diameter 3mm, screw speed at feed inlet was kept constant at 30/rpm and a 138 
temperature profile of 1000C. Electrical heating was applied to the three barrel zones along 139 
the screw. The screw speed was maintained at 200/rpm. Two process runs were performed 140 
for each batch of flour blends. The extrudates were then oven dried at 300C for 24 hours. 141 
They were stored at room temperature (38+20C) in sterile polythene bags and kept in air-142 
tight plastic containers with cover lids.                            143 
 144 
2.6 Determination of Anti-nutrients                                      145 
 146 
2.6.1 Extraction of Tannin                                                                                                                       147 
 148 
Tannins were extracted by shaking Ig of the sample in 10ml acidified methanol (I ml 149 
concentrated hydrochloric acid/100ml methanol) in centrifuge tubes at 250C for 20 minutes. 150 
The sample was centrifuged at 10,000 rpm for 15minutes before pipetting Iml into a test 151 
tube. Vanillin-hydrochloric acid reagent was prepared by mixing equal portions of vanillin 152 
acidified method (8ml concentrated hydrochloric acid /100ml methanol). The vanillin-153 
hydrochloric acid reagent (5ml) was added to the sample and absorbance read in 1cm 154 
cuvettes using an ultrospec 1000 spectrophotometer at 500nm after 20 minutes against 155 
vanillin-hydrochloric acid reagent as blank. A standard curve was prepared by adding Ig of 156 
tannic acid to 100ml acidified methanol [16]. 157 
 158 
2.6.2 Extraction of Phytates  159 
 160 
Phytates were extracted by adding 0.1g sample to 100ml 0.2mol/l hydrochloric acid and 161 
shaken for 1 hour before centrifuging at 5000 rpm for 15 minutes. The supernatant (0.5ml) 162 
was pipetted into a test tube fitted with a ground glass stopper before adding 1ml acidic 163 
ammonium iron (iii) sulphate dodecahydrate (0.2g NH4 Fe (SO4)2. 12H20 in 100ml 2mol/l 164 
hydrochloric acid and made up to 1000ml with distilled water). The samples were boiled for 165 
30minutes then rapidly cooled to 250C in an ice-water bath. 2ml of 2121-bipyridine solution 166 
(10g 2121 bipyridine) and 10ml thioglycolic acid in 1000ml water) was added to the test tube 167 
and the contents mixed. Absorbance was read after 1 minute using ultrospec 1000 168 
spectrophotometer at 519nm against distilled water. A standard curve was prepared by 169 
adding 125mg sodium phytate to 100ml 0.2mol/l hydrochloric acid [16]. 170 
 171 
2.6.3 Extraction of Saponin  172 
 173 
2.5g of the flour was dispensed in 25ml of 20% ethanol. The suspension was heated over a 174 
hot water bath at 550C for 4 hours with continuous stirring. The mixture was filtered and the 175 
residue re-extracted twice with another 25ml of ethanol. The combined extracts were 176 
reduced to one quarter of the total volume by heating over water maintained at 900C. The 177 
aqueous portion of the concentrate was extracted thrice with 20ml of diethyl either by using a 178 
250ml separating funnel. The extract was purified further with 40ml of n-butanol and washed 179 
thrice with 5% aqueous NaCl. The remaining solution was evaporated at 950C over a water 180 
bath until obtaining a constant weight. The saponin content was calculated on dry basis [15].  181 
 182 
 183 
 184 
 185 



 
 

2.6.4 Extraction of Trypsin Inhibitor  186 
 187 
0.5g of the sample was dispensed in 50mls of 0.5M NaCl solution and shaken for 30 minutes 188 
at room temperature. The mixture was centrifuged and the supernatant was used as the 189 
extract. Assay for trypsin inhibitor activity involved mixing a portion (1ml) of the extract with 190 
90mls of 0.03% Trypsin substrate (BAPA) in a test tube containing 1ml of 0.6% Trypsin 191 
enzyme solution. After mixing, the mixture was allowed to stand for 15 minutes before its 192 
absorbance was reached at 410nm in a spectrophotometer [17]. 193 
 194 
2.6.5 In vitro Starch Digestibility  195 
 196 
In vitro starch digestibility as described by Miller [18] was determined by using 1% 197 
carboxymethyl cellulose in sodium acetate buffer (pH 5.5.) as substrate. 0.2ml of the sample 198 
solution were added to 0.2ml of the substrate solution and incubated at 370C for 30 minutes. 199 
0.5ml of 3,5-dinitrosalcylic acid was added and heated for 5minutes in a boiling water bath. 200 
The solution was allowed to cool and 10ml of distilled water was added. The same 201 
procedure was carried out on the substrate without the addition of the enzyme solution. The 202 
absorbance was read at 540nm.    203 
 204 
2.6.6 In vitro Protein Digestibility  205 
 206 
The in vitro protein digestibility of the raw flour blends and extruded samples were 207 
determined according to the method of Saunder et al. [19]. 208 
 209 
250g of the sample was suspended in 15ml of 0.1M HCL containing 1.5 mg pepsin 210 
(1:10,000) in a 100ml conical flask. The mixture was incubated at 3700C for 3 hours. The 211 
mixtures were then neutralized with 0.5N NaOH and treated with 4mg pancreatine in 7.5ml 212 
of 0.2N phosphate buffer (pH 8.0), containing 0.005M sodium acid. The mixture solutions 213 
were incubated at 370C for 24 hours. 10milliliter of 10% trichloroacetic acid (TCA) mixtures 214 
were added to the mixture to stop the reaction. The mixtures were then centrifuged at 5000 215 
rpm for 5 minutes. 5.0ml aliquots from the supernatant were pipetted and analysed for 216 
nitrogen content. 217 
 218 
3. RESULTS AND DISCUSSION 219 
 220 
The phytate content significantly (P<0.05) changed in all extrudates (Figure 3). However, the 221 
change was most significant in the fermented-extruded (FE) blends. From the results, it was 222 
observed that phytic acid reduced with increase in defatted soybean supplementation. The 223 
lowest (4.944mg/g) phytate content was observed in FE4, and highest (7.416mg/g) in E1. 224 
The lowering of phytate enhances the bioavailability of minerals such as dietary zinc, 225 
calcium, and iron in the extrudates. In this study, phytic acid has been observed to have 226 
made these minerals unavailable. 227 
  228 
Tannin has been reported to occur in appreciable amount in legumes. The seed coat colour 229 
of legumes has largely been associated with tannin contents. From the results (Figure 1), 230 
tannin content decreased with increase in defatted soybean supplementation. The 231 
fermented-extruded (FE) blends recorded lower tannin content due to fermentation reduction 232 
or elimination in foods. As compared to the tannin contents of the raw flour blends, there was 233 
a significant (P<0.05) decrease in the tannin contents of all the extrudates. Tannin forms 234 
insoluble complexes with proteins thereby decreasing their digestibility [20]. Tannin also 235 
decreases palatability; causes damage to intestinal tract, and enhances carcinogenesis. 236 
   237 



 
 

The saponin content was significantly (P<0.05) changed from 11.65-13.08% (raw flour 238 
blends) to 5.01-6.39% (extruded (E) blends), and 2.14-2.88% (fermented-extruded (FE) 239 
blends) Figure 2. Saponin increases permeability of small intestinal mucosa cells, thereby 240 
inhibiting nutrient transport.  However, they can lower plasma cholesterol concentrations.  241 
  242 
Trypsin inhibitors are endogenous enzymes which can form stable complex with proteolytic 243 
pancreatic enzymes, i.e. trypsin and chemotrypsin. Due to complex formation, the activity of 244 
these enzymes decreases [21]. Trypsin inhibitor contents reduced changed from 50.13-245 
56.55% (raw flour blends), to 34.12-37.56% (extruded (E) blends) and 32.98- 41.71% 246 
(fermented-extruded (FE) blends). From the results (Figure 2), trypsin inhibitors increase 247 
with decrease in defatted soybean supplementation. Thus, trypsin inhibitor content was 248 
highest in FE1 (41.71%) and E1 (37.56%). The results showed that supplementation had 249 
more effect on the trypsin inhibitor content, than fermentation. The thermoliability of trypsin 250 
inhibitor implies that protein digestibility will not be hampered when the product is consumed 251 
as reported by Iorgyer et al. [22]. 252 
  253 
The in vitro starch digestibility of the fermented-extruded (FE) blends were higher than that 254 
of the extruded (E) blends. However, starch digestibility increases with increased in defatted 255 
soybean supplementation (Figure 6). IVSD was highest in FE4 (0.4699mg/g) and lowest in 256 
E1 (0.3186mg/g). However, there were significant (P<0.05) increase in IVSD of all 257 
extrudates as compared to the raw flour blends. This agreed with the reports of Tamera et 258 
al. [23], that fermentation improves starch digestibility. Onyango et al. [24] reported that 259 
increase in IVSD by fermentation process may be attributed to the production of organic 260 
acids by the fermenting microorganisms which might have loosened the starch granules 261 
sites, making them available for amylolytic actions. The IVSD increased values recorded 262 
after extrusion cooking could be due to the gelatinization of granules thereby aiding efficient 263 
enzymatic attack. According to Camire et al. [25], extrusion improves starch digestibility by 264 
shearing off branches on amylopectic molecules and increasing their accessibility to 265 
amylolytic enzymes in starch granules as reported by Onyango et al. [24]. 266 
  267 
The in vitro protein digestibility (IVPD) is significantly higher in all extrudates than the raw 268 
flour blends (Figure 5). Extrusion cooking improved the protein digestibility of the extrudates. 269 
The IVPD decreases with increased in defatted soybean supplementation. The improvement 270 
in the IVPD of the fermented-extruded (FE) could be attributed to the reduction of 271 
antinutrients such as phytic acid, tannin, and saponin by fermentation. Also, the increase in 272 
the protein digestibility of the FE blends could be attributed to the proteolytic action of the 273 
endogenous and microbial enzymes, this results agree with the findings of Onyango et al. 274 
[24] who reported that fermentation increases protein availability and invitro protein 275 
digestibility. The increased IVPD of the extrudates could be attributed to extrusion cooking 276 
which denatures proteins by opening up their quaternary and tertiary structures, thereby 277 
inducing polymerization, cross-linking and re-orientation to fibrous insoluble structures [24]. 278 
 279 
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Fig. 1. Tannin (mg/g) in the raw flour blends and e xtrudates 319 
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Fig. 5. In vitro protein digestibility of the raw flour blends and extrudates 457 
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  Fig. 6. In vitro starch digestibility of the raw flour blends and e xtrudates 490 

 KEY: 491 
        R1   -Raw 100% millet flour 492 

R2 -Raw 90% millet 10% defatted soybean flour   493 
R3 -Raw 80% millet 20% defatted soybean flour   494 
R4 -Raw 70% millet 30% defatted soybean flour   495 
E1 - Extruded 100% millet flour 496 
E2 - Extruded 90% millet 10% defatted soybean flour       497 
E3 - Extruded 80% millet 20% defatted soybean flour  498 
E4 - Extruded 70% millet 30% defatted soybean flour  499 
FE1  - Fermented extruded 100% millet flour  500 
FE2  - Fermented extruded 90% millet 10% defatted s oybean flour 501 
FE3  - Fermented extruded 80% millet 20% defatted s oybean flour 502 

             FE4  - Fermented extruded 70% millet 3 0% defatted soybean flour. 503 
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 505 
 506 
4. CONCLUSION 507 
 508 
From the results of this research, it is evident that fermentation and extrusion will produce 509 
acceptable products and increase the nutritional and sensory attributes of the products. 510 
Extrusion technology provides a new exciting opportunity to processed foods. 511 
  512 
The inclusion of fermentation in the extrusion process enhanced the nutritional qualities, as 513 
well as reduced the antinutritional components of the products. Increased nutritional 514 
qualities of the millet and defatted soybean blends through fermentation and 515 
extrusion enhanced the safety of the products which will help in improving the 516 
nutritional status of the vulnerable group of  population. 517 
  518 
COMPETING INTERESTS 519 
 520 
Authors have declared that no competing interests exist. 521 
 522 
AUTHORS’ CONTRIBUTIONS 523 
 524 
This work was carried out in collaboration between all authors. Author JUO designed the 525 
study, performed the statistical analysis, wrote the protocol, and wrote the first draft of the 526 
manuscript. Authors II and AOO managed the analyses of the study. Author JUO managed 527 
the literature searches. All authors read and approved the final manuscript. 528 
 529 
REFERENCES 530 
 531 
1. Andrew DJ, Bramel-Cox PJ. Breeding cultivars for Pennisetum glaucum. American 532 

 Association of Cereal Chemists, St Paul, Minnesota, United States. 1994; p. 406.  533 

2. Abate AN, Gomez M. (1983). Substitution of finger millet (Eleusine sp.). International 534 

 Journal of Agricultural Science and Research. 1983;3(1):35-41.   535 

3. Fancher BI, Jensen LS, Smith RL, Hana WW. Metabolize energy content of pearl 536 

 millet. Poultry Science, 1987;66:1693-1696. 537 

4. Amato, Forrester N. Determining optimum planting dates in pearl millet. Journal of 538 

 Agricultural Science, Cambridge University Press. 1995;146:445-459. 539 

5. Burton GW, Wallance AT, Radice KO. Chemical composition during maturation and 540 

 nutritive value of pearl millet. Crop Science. 1972;12:187-192. 541 

6. FAO. Food balance sheets. Food and agriculture organization, Rome. 2009. 542 

7. Okoh PN. Cereal grains; nutritional quality of plant foods. The post harvest 543 

 Research Unit, Department of Biochemistry, University of Benin, Benin City, Nigeria. 544 

 1998; p. 32-4 545 

8. Havck BW, Huber GR. Nutritional aspects of food extrusion. Journal of Food 546 

 Science and Technology. 1989;42:916-929 547 



 
 

9. Castells M, Sander E, Wood U. The effects of extrusion cooking on mycotoxins in 548 

 cereals. International Journal of Food Microbiology. 2005;122:74-84. 549 

10. Pehanich M. Stability of cassava flour based food bars. Journal of Pediatrics. 550 

 2010;6:4. 551 

11. Fellow I. Water activity in foods: Fundamentals and applications. Journal of 552 

 Agricultural and Food Chemistry. 2000;57(6):2339-2345. 553 

12. Bhandari D, Bonet A, Field JM, Underwood C, Darlington H, and Sherry PP. 554 

 Nutritional aspects of food extrusion: a review. International Journal of Food 555 

 Properties. 2001;4(1):1-33. 556 

13. Joanna S, Zbigivew K, Eleonara L, Rafal W. Effect of fermentation and extrusion on 557 

 the release of selected minerals from Lupine  grain preparation. Acta Science 558 

 Polonorum Technology Aliment. 2009;8(3);87-96. 559 

14. Hall RS, Johnson SK, Baxter AL, Ball MJ. Lupin kernel fiber-enriched foods 560 

 beneficiary modified serum lipids in men. European Journal of Clinical Nutrition. 561 

 2005;59:325-333. 562 

15. AOAC. Official Methods of Analysis. Association of Official  Analytical Chemists. 563 

 2000. 564 

16. Makkar HPS, Blummel M, Borowy NK, Becker K.  Gravimetric determination of 565 

 tannins and their correlations with chemical   and protein precipitation methods. 566 

 J. Sci. Food Agric. 1993;61:161-165.  567 

17. Arntfield SD, Ismond MAH, Murray ED. The fate of anti-nutritional factors during the 568 

 preparation of faba bean protein isolates using a micellization technique. Canadian 569 

 Institute of Food Science Technology Journal. 1985;18(2):137-143.  570 

18. Miller GL. Production of an in vitro low digestible starch via hydrothermal treatment 571 

 of Amylosucrase-modified normal and waxy rice starches. Analytical Chemistry. 572 

 1959;31(3):426-428. 573 

19. Saunder RM, Connor MA, Booth AN, Bicknoff EN, Kohler CO. Measurement of 574 

 digestibility of alfa-alfa protein concentrate by in vitro methods. Journal of Nutrition. 575 

 1973;103:530-535. 576 

20. Uzoechina EO. Effects of separation on the phytochemical properties of legumes. 577 

 Journal of Natural Sciences Research. 2007;361-362. 578 

21. Jambunathan R, Singh U. Studies on desi and kabala chickpea (Cicer arietinua L.) 579 

 cultivars: mineral and trace element. Journal of Agricultural and Food Chemistry, 580 

 1981;29:1091-1093. 581 

22. Iorgyer MI, Odoh OE, Ikondo ND, Okoh J.J. Cereal grains, legume seeds, oil plants 582 

 and their by-products. www.feedipedia.org/node/329. 2009  583 



 
 

23. Tamera H, Berral I, Strasser F.O. Ground motions observed during the 15 August 584 

 2007 Pisco, Peru Earthquake. Bulletin of Earthquake Engineering. 2009;7:71-111. 585 

24. Onyango C, Noetzold H, Hofmann T, Bleya T, Henle T. Digestibility and 586 

 antinutritional properties of acidified and extruded maize-finger millet blend in the 587 

 production of uji. Lebensm, Wiss. Technology, 2005;37:345-367. 588 

25. Camire M.E, Camire A, Krumar K. Chemical and nutritional changes in foods during 589 

 extrusion. Journal of the Association of Official Analytical Chemists. 590 

 1990;12:1797-1804. 591 

 592 
 593 


