
ABSTRACT 

Background: The antinutrients composition in bambara groundnut has predisposed a lot of people to 

health risks. Therefore, the study to determine the effect of fermentation on the nutrient and antinutrient 

becomes pertinent.

Objective: The study assessed the chemical composition of flours from fermented bambara groundnut.

Materials and methods: An experimental study design was used. The bambara groundnuts were 

fermented at different periods of twenty-four hours (BTF), fourty-eight hours (BFE), seventy-two hours 

(BST) and the unfermented portion coded zero (BZE) was used as the control. Proximate analysis was done 

and the mean, standard error of the mean (SEM) and analysis of variance (ANOVA) were done using 

statistical package for service solutions (SPSS) version 21. Means were separated by Duncan's Multiple 

Range Test and significance judged at P <0.05.             

Result: There were no significant differences (P>0.05) in the moisture content. The control (BZE) had the 

highest carbohydrate (69.63%), fat (1.63%) though not significantly different (P>0.05) and a higher fibre 

content. Sample BFE had the highest protein value (21.82%) and ash (2.55mg) at a significant level 

(P<0.05). Sample BST had the lowest fibre value (1.20%). For the minerals assessed, BFE had the highest 

values in calcium and iron while BTF (24hr) had the highest in magnesium, manganese, copper and zinc. 

There was no significant difference in the vitamin C, thiamine and riboflavin values. The antinutrient 

values of BZE was significantly higher than all of the sample flours (P<0.05).    

Conclusion: The result showed that fermented flours of bambara groundnut had increased nutrients 

and reduced antinutritional factors.
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INTRODUCTION 

Bambara groundnut (Voandzeia subterrenea) is a 

highly nutritious crop that plays an important role 

in people's diet having about 63% carbohydrate, 

19% protein and 6.5% oil (1). It is an important 

legume consumed in Nigeria, especially in Enugu 

State, some Northern States and Northern 

Cameroon (2). In Nigeria, the freshly harvested 

pods of bambara groundnut are either roasted 

and eaten as snack (3) or milled into our and 

used in preparation of moin-moin (4). For most 

food uses, seeds of legumes including Bambara 

are removed to reduce antiphysiological factors 

and bre content and this results in better 

appearance, texture, cooking quality, palatability 

and digestibility of the products (5). Bambara 

groundnut seeds which are known as 'okpa' in Ibo 

states of Nigeria are either roasted and chewed 

with palm kernel as snack item or they may be 

boiled and eaten as pottage. More commonly, the 

seeds are milled into our and used to prepare 

bean balls ('akara') after frying the paste in 

vegetable oil or the slurry may be prepared to the 

popular steamed gel also known as 'okpa' (6).  

Unfortunately, like other legumes, Bambara 

groundnut contain some antinutritional factors 

such as hemagglutinin, cyanide, trypsin inhibitor, 



tannins and phytate, and negative nutritional 

factors which include protein and carbohydrate 

indigestibility, and sulphur amino acid deciency 

(7), which limits its utilization. To this effect, 

although cooking can reduce these antinutrients 

to a safe level (8) but fermentation offers 

additional advantages having been utilized in 

other legumes such as baobab (9), soybeans and 

sorghum and its effect established. 

These problems encountered with legumes made 

it necessary to use processing methods that will 

provide improved nutritional quality and 

acceptability of these plant foods (10). Meanwhile 

(11) identied fermentation as an economic 

processing method that could be used in homes to 

improve the nutritional quality of plant foods like 

legumes.

 Fermentation plays an important role in human 

nutrition. It is not only an important adjunct to 

getting nutritional value from foods; it can 

prolong shelf life and improve the palatability of 

many foods (12). Fermentation is a desirable 

process of biochemical modication of primary 

food matrix brought about by microorganisms 

and their enzymes (13). Fermentation is used to 

enhance the bioaccessibility and bioavailability of 

nutrients from different crops including maize 

(14) With these desirable benets, fermentation 

has been considered as an effective way to reduce 

the risk of mineral deciency among populations, 

especially in developing countries where 

unrened cereals and/or pulses are highly 

consumed (15). Fermentation of legume and 

indigenous oil seeds like African locust beans 

(Parkia biglobosa), melon and oil bean have 

resulted to food products such as ' i ru ' 

('dawadawa') produced from fermentation of 

seeds of African locust beans, 'ogiri' from melon 

seeds (citrus vulgaris) and 'ugba' from oil bean 

(16). Meanwhile, much work has not been done 

on the use of fermentation to produce ours from 

bambara groundnut for the purpose of utilization 

it in making food products.

Recently there has been interest in the 

improvement and utilization of underutilized food 

crops like potato (sweet), cocoyam and others. 

This has aroused the enthusiasm to this research. 

This study therefore was designed to evaluate the 

nutrient and antinutrient composition of bambara 

groundnut fermented at different periods of time.

Materials and methods

Healthy and mature seeds of Sokoto white specie 

of  the bambara groundnut  (Voandzeia 

subterranea) were purchased from Umuahia 

Main Market. The seeds of the bambara 

groundnut used for the study were cleaned by 

manual sorting or handpicked to remove dirts 

and stones. Eight hundred grammes (800g) each 

of the bambara groundnut seeds were steeped in 

clean water and fermented for 24hrs, 48hrs and 

72 hrs. The seeds were allowed to ferment by the 

natural microora of the seeds. One portion of 

the Bambara groundnut seeds was left 

unfermented. 

At the end of the fermentation periods, the seeds 
0were dried separately in oven at 55 C and milled 

into a ne our using a disc attrition mill/ model 

2002 F.H Bentall and Co.,UK) and hence milled 

twice in order to get ne our. The milled samples 

were sieved using muslin cloth as practiced 

traditionally to remove the chaff and ensure 

uniform particle size. The sieved ours were 

labelled according to the fermentation period. 

Twenty-four hour fermentation period was coded 

BTF, forty-eight hours (BFE), seventy-two hours 

(BST) while zero hour, the unfermented portion 

was coded BZE. These ours were stored and later 

used for the chemical analysis of the nutrient and 

antinutrient composition.

Chemical analysis

Chemical analysis of the nutrient and antinutrient 

composition were determined using standard 

methods. Each analysis was carried out in 

triplicates on all samples. The micro-kjeldahl 

method was used to determine the crude protein 

while soxlet method was used to determined fat 

described by (17). Ash was determined using the 

dry ashing method as described by (18). 

Carbohydrate values were determined by 

difference method. Determination of minerals 

and vitamins were carried out using the method 

described by (19). For the antinutrient 

composition, Hydrogen cyanide (HCN) was 

quantied using (19), The estimation Phytin 

–Phosphate (Phytin –P or phytate) was also 

determined using the colorimetric procedure of 

described in (17). Tannin and oxalate were 

determined following the process described by 

(19).

Data analysis: The mean, standard error of the 

mean (SEM) and analysis of variance (ANOVA) of 

the data obtained from the study was computed 

using computer application software package, 

statistical package for social sciences (SPSS) 

version 17. Means were separated by Duncan's 

Multiple Range Test and signicance judged at P 

> 0.05. 
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Results

Table 1 shows the results of the proximate 

composition of bambara groundnut ours

The moisture content of the ours ranges from 

4.35% to 4.80% (BST and BTF). Moisture content 

of BZE (control) and BFE had similar values (4.55 

and 4.40%). The protein content of the ours 

varied. The protein value of BFE was the highest 

(21.82%) but not signicantly different from BTF 

(21.44%) (P>0.05) while the control and BST had 

the least but comparable values (20.59 and 

20.39%) respectively. The fat content of the 

control was the highest (1.63%) and was 

signicantly higher (P<0.05) followed by BTF and 

BFE (1.31 and 1.08%) while the fat content of BST 

was the lowest (1.02%). The ash content of BFE 

(2.55%) had the highest value (P<0.05) and was 

followed closely by BTF and BST (2.35 and 2.10%) 

while that of control was the lowest (2.10%). The 

bre content of BZE (2.00%) was signicantly 

higher (P<0.05). This was followed closely by BTF 

and BFE (1.88 and 1.86%) respectively. 

Meanwhile, BST had the least bre value (1.20%). 

The carbohydrate content of the control was the 

highest (69.64%) but was not signicantly higher 

(P>0.05) when compared with BST, BTF and BFE 

(68.45, 68.23 and 68.20%) respectively.   

Table 2 shows the mineral composition of 

bambara groundnut ours from different 

fermentation periods respectively. For the 

minerals assessed, BFE had the highest values in 

calcium and iron (3.26 and 1.65 mg/100) 

(P<0.05) respectively. This was followed closely 

by BTF (2.67 and 1.53 mg/100) for calcium and 

iron content respectively. For the other minerals, 

BTF was signicantly higher (P<0.05) in 

phosphorus, magnesium, manganese, copper 

and zinc (0.06, 3.10, 0.20, 0.21 and 0.47 

mg/100) respectively.  

Table 1: Proximate composition of Bambara groundnut ours at different fermentation 

periods (g/100).

 Mean ± SEM of three determinations; a-c values in the same column with different superscript letters 

differed from each other (P<0.05)

BZE- Zero hour unfermented bambara groundnut; BTF- Twenty-four hour fermented hour Bambara 

groundnut, BFE- forty-eight hour fermented bambara groundnut; BST- Seventy-two hour fermented 

bambara groundnut.     

Table 2: Mineral composition of bambara groundnut ours at different fermentation 

periods (mg/100g).

Mean ± SEM of three determinations; a-c values in the same column with different superscript letters 

differed from each other (P<0.05)

BZE- Zero hour unfermented bambara groundnut; BTF- Twenty-four hour fermented hour Bambara groundnut, 

BFE- forty-eight hour fermented bambara groundnut; BST- Seventy-two hour fermented bambara groundnut.     
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Table 3: Vitamin content of bambara groundnut ours at different fermentation periods.

Mean ± SEM of three determinations; a-c values in the same column with different superscript letters 

differed from each other (P<0.05)

BZE- Zero hour unfermented bambara groundnut; BTF- Twenty-four hour fermented hour Bambara groundnut, 

BFE- forty-eight hour fermented bambara groundnut; BST- Seventy-two hour fermented bambara groundnut.     

Table 4: Antinutrient content of bambara groundnut ours at different fermentation periods (mg/100).

Mean ± SEM of three determinations; a-c values in the same column with different superscript letters differed 

from each other (P<0.05)

BZE- Zero hour unfermented bambara groundnut; BTF- Twenty-four hour fermented hour Bambara groundnut, 

BFE- forty-eight hour fermented bambara groundnut; BST- Seventy-two hour fermented bambara groundnut.     

Table 3 shows vitamin composition of bambara 

groundnut ours from different fermentation 

periods.  The vitamin A values of the ours varied. 

The vitamin A value of BFE (4.15 i.u) was 

signicantly higher (P<0.05) while BTF and the 

control had comparable values (3.52 and 3.43 

i.u) respectively. BST had the least value (2.1 i.u). 

There were no signicant differences in the 

vitamin C values of the our samples (P>0.05) as 

the results showed (1.03, 1.00, 1.00 and 

1.00mg/100) for BZE, BTF, BFE and BST 

respectively. The thiamine and riboavin content 

of the ours did not show any signicant 

difference.                    

Table 4 shows the antinutrient composition of 

bambara groundnut ours from different 

fermentation periods. There were signicant 

differences in the antinutrient content of the ours 

(P<0.05). The HCN value of the control 

(0.08mg/100g) was signicantly higher 

(P<0.05). BTF and BST had comparable values 

(0.06mg/100g) while BFE had the lowest value 

(0.05mg/100). The phytate content of the control 

(4.48mg/100g) was also the highest among the 

ours (P<0.05). This was followed by BST and BFE 

(4.09 and 3.89mg/100) while BTF had the least 

value (2.33mg/100mg). There were signicant 

differences in the tannin content of the ours 

(P<0.05). The tannin content of the control 

(2.96mg/100) was the highest while BFE (2.15 

mg/100) was the lowest meanwhile BTF and BST 

had comparable results (2.66 and 2.67mg/100) 

respectively.  There were also signicant 

differences in the hemaglutinin content of the 

ours (P<0.05). For hemaglutinin content, the 

control also had the highest value (8.54mg/100). 

This was followed closely by BST and BFE (7.38 

and 6.47mg/100) respectively. BTF had the least 

result. The oxalate values varied also. The oxalate 

content of the control was the highest 

(8.00mg/100) and was signicantly higher 

(P<0.05) while BFE and BST had comparable 

results (7.80mg/100) respectively. BTF had the 

least value (7.60mg/100).
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Discussion

The moisture content of the fermented ours BTF 

(4.80%) respectively were slightly higher than that 

of the control (4.55%). However, according to 

(20), these moisture levels are acceptable as they 

were less than 10%; hence a prolonged shelf life 

is expected of these our samples. Moisture 

content is one of the outstanding qualities and 

widely used parameters in the processing and 

testing of foods. It is an index of water activity of 

many foods.

The protein content of all the ours were 

comparable to values reported for other Bambara 

groundnuts (1). The higher protein level of BFE 

(21.82%) might partly be due to degradation of 

complex protein by microorganism thereby 

releasing peptides and amino acids as discovered 

by (21). However, it is also reported that 

fermenting microorganisms also uses amino acid 

which could lower the protein content and quality 

of some fermented food (22, 21). 

The fat content of the ours was lower when 

compared to other reports on nutr ient 

composition of bambara groundnuts as found in 

(23).  However, it was observed that there was 

further reduction in the fat levels of the ours as 

the period of fermentation increased. This 

reduction of fats in the our samples could be due 

to hydrolysis and utilization of fats as an energy 

source for biochemical reactions (24, 25, 26).

 The high ash value of BFE could be as a result of 

release of minerals due to breakdown of complex 

molecules which bound the minerals as 

fermentation period increased. A study by (27) 

established that ash content of foods reects their 

mineral and elemental composition. Based on 

this fact, the higher content of BFE could be 

indicative of its higher mineral content.     

The high bre content of BZE (the control) showed 

the effect of fermentation on the other our 

samples since it did not pass through the process 

of fermentation. Meanwhile, the reduction in the 

bre complexes levels of the fermented samples 

could be attributable to their degradation by the 

microorganisms as observed by (28). 

The carbohydrate content of all the ours were 

also comparable to values reported for Bambara 

groundnuts by (1). The high carbohydrate content 

of the control is an indication of the effect 

fermentation had on the other our samples. It 

could also be attributable to the usage of 

carbohydrate which is normally preferred by lactic 

acid fermenters for energy production; hence the 

reduction in the carbohydrate levels (28) as 

fermentation progressed. The glucose released 

during fermentation is a preferred substrate for 

microorganisms fermenting the food and could 

partly explain the decrease in total carbohydrate 

after 24 hrs of fermentation (22).

The result of calcium levels as observed in this 

study does not agree with other literature. The 

lower levels of calcium in these ours could be 

attributed to the deciency of calcium in the soil 

where this crops grew. Meanwhile, the observed 

increase in calcium content of BFE could be as a 

result of the fact that fermentation brings about 

the breakdown of phytic acid which is one of the 

antinutritional factors responsible for binding 

minerals thus making them not readily 

bioavailable (29) and so enhanced the ability for 

extracting the mineral. The result of iron levels as 

observed in this study was lesser when compared 

with report by (23).  Meanwhile, the higher iron 

value observed in the BFE could be as a result of 

the fact that fermentation brings about the 

breakdown of complex biomolecules phytic acid 

is one of the antinutritional which is responsible 

for binding minerals thus making them not 

readily bioavailable (30) and so enhanced the 

ability for extracting the minerals. The low iron 

value of BST could have been utilized by the 

microbes involved in fermentation. Iron is 

essential for formation of blood and therefore is 

essential in the body.

 The high phosphorus value found in BTF could be 

due to the breakdown of phytate to release more 
 phosphorus (29). 

The higher value of the magnesium, manganese, 

copper and zinc content in BTF could be as a result 

of the breakdown of complex biomolecules 

during fermentation and so enhanced the ability 

for extracting the minerals or its bioavailability 

(29).  

 The higher value observed in BFE vitamin A 

content could be attributed to the release of 

phytochemicals as observed by (31) who 

discovered that fermented biofortied maize for 

24 and 72 hr retained 60%–100% of provitamin A 

carotenoids. Meanwhile, the decrease observed 

in sample BST according to (32) and (33) could be 

due to the utilization of the phytochemicals by the 

microorganisms fermenting the foods thus, 

leading to their reduction. 

Fermentation had no signicant effect in the 

vitamin C values of the our samples though 

there were non-signicant losses observed after 

fermentation. Meanwhile, this result is 

comparable to that reported by (23).  The minute 

reduction observed showed that the vitamin C 

content of the our samples were lost during 
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steeping in water since vitamin C is water soluble. 

The thiamine content of the ours was higher than 

those reported by (23). Meanwhile, the decrease 

observed in the thiamine content of the samples 

as fermentation progressed could be attributed to 

leaching of the vitamins into the fermentation 

medium since they are water soluble vitamins. 

This is in line with the ndings of (34) who 

discovered that fermentation caused decreases in 

thiamine and riboavin contents of yellow maize.  

The riboavin content of the ours was higher 

than those reported by (26). Meanwhile, the 

decrease observed in the riboavin content of the 

samples as fermentation progressed could be 

attributed to the leaching into the fermentation 

medium since they are water soluble vitamins. 

This is also in agreement with the ndings by (37).

The lower hydrogen cyanide (HCN) value of BFE 

showed that fermentation had a reducing effect 

on the our sample making it safer. According to 

(35), a cyanide content in the range of 10-20mg 

per 100g of pulse is considered safe.  Many 

legumes, except lima bean (Phaseolus lunatus) 

contain cyanide within this limit. Even though the 

level of HCN in the our samples were within the 

safe range, fermentation also helped to reduce it 

further. 

The lower phytate value of BTF could be due to 

increased activity of phytase during fermentation 

that led to its reduction (36). Secondly, 

fermentation loosens the complex matrix that 

embeds minerals. Both phytase and α-amylase 

make the matrix loose by degrading phytate and 

starch, respectively (29).

The lower tannin value of BFE also showed that 

fermentation had a reduction effect on the our. 

The increased level of tannin found in SPF and SPS 

during fermentation could be attributed to 

hydrolysis of condensed tannins such as 

proanthocyanidin to phenols. Tannins bind 

minerals and reduce their bioavailability (37). 

The lower hemaglutinins value of BTF signied the 

effect fermentation had on the our sample 

br inging about a 29.62% reduct ion in 

hemaglutinin levels. Hemaglutinins and tannins 

impart bitter or unacceptable taste in legumes 

and also prevent protein digestibility (38). 

The lower oxalate value of BTF also showed that 

fermentation caused a reduction in the oxalate 

level of the our sample. The low oxalate levels 

might have nutritional and health benets. This is 

because as stated by (39), oxalates have a 

negative effect on mineral availability as they 

interfere with absorption of divalent minerals, 

particularly calcium by forming insoluble salts 

.  with them According to (40), 80% of kidney 

stones were composed of calcium oxalate.

Conclusion

The protein, ash and mineral content of the 

fermented bambara groundnut ours were found 

to signicantly improved after fermentation and 

there was reduction in antinutritional factors. 

Meanwhile, the loss in the water soluble vitamins 

that leached out during fermentation as observed 

in the study could be replaced through 

fortication.

REFERENCES

1. National Research Council, NRC (2006). 

Bambara bean: Vegetable lost crops of 

Africa. National Academy Press, 2: 52-

73.

2. Enwere, N. J (1998). Fooods of Plant 

Origin. Afro-Orbis Pub, Nsukka, 

Nigeria. Pp 24-182.

3. Alobo, A. P (1999). Production and 

organoleptic assessment of akara from 

Bambara groundnut  (Voandze ia 

subterranea L.Thouars). Plant Foods.for 

Human.Nutrition, 53: 313-320. 

4. Olapade, A. A., Ozumba, A. U., 

Solomon, H. N., Olatunji, O and Adelaja, 

S. O (2005). Rheological properties and 

consumer acceptance of moin-moin pre-

mix. Nigerian Food Journal, 23: 14-17.

5. Akinjayeju, O. and Enude, O. T (2002). 

Effects of dehulling on some properties of 

cowpea (Vigna unguiculata Walp L.) 

ours. Italian Journal of Food science, 1 

(14): 53-58.

6. Uvere, P. O., Uwaegbute, A. C. and 

Adedeji, E. M (1999). Effects of malting 

on the mil l ing performance and 

acceptability of Bambara groundnut 

(Voandzeia subterranea L.Thouars) seeds 

a n d  p r o d u c t s .  P l a n t  F o o d s . f o r 

Human.Nutrition, 54: 49-57

7. Bressani, R (1983). Effect of chemical 

changes during storage and processing 

on nutrient quality of common beans. 

Food Nutrition Bulletin, 5: 23-28.

8. Sahlin, P (1999). Fermentation as a 

method of food processing Licentiate 

thesis. Lund Institute of Technology, Lund 

University, Sweden. Pp 9-28.

9. Any ika ,  J.  U  (2006) .  E f fec t s  o f 

f e r m e n t a t i o n  o n  t h e  c h e m i c a l 

composition of baobab seeds (Adansonia 

digita  Linn). Nigerian Journal of 

Nigerian Journal of Nutritional Sciences     Vol. 42 No. 2     121



Nutritional Sciences, 27: 95-99. 

10. Obizoba, I. C. and Atti, J. U (1991). 

E f f e c t s  o f  s o a k i n g ,  s p r o u t i n g , 

fermentation and cooking on the nutrient 

composition and antinutritional factors of 

sorghum (Guineasea) seeds. Plant Foods 

for Human Nutrition, 41: 203-212

11. Obizoba, I. C and Egbuna, H. I (1992). 

E f f e c t s  o f  g e r m i n a t i o n  a n d  

fermentation on the nutritional quality of 

Bambara  groundnut  (Voandze ia 

subterranea L.Thouars) and its product 

(milk). Plant Foods Human Nutrition, 42: 

13-23.  

12. Danone, V (2001). Fermented foods and 

healthy digestive functions. Nutrition and 

health collection. John Libbey and 

Eurotext Montringe, France, Pp 35-36.

13. Kahajdova, Z. and Karovicova, J (2007). 

Fermentation of cereals for specic 

purpose. Journal of Food and Nutrition 

Research, 46: 51–57.

14. Hotz and Gibson (2007). Traditional 

food-proces ing and preparat ion 

practices to enhance the bioavailability of 

micronutrients in plant-based diets.  

Journal of Nutrition, 137: 1097-1100, 

2007. 

15. Kumar, V., Sinha, A. K., Makkar, H. P. S., 

and Becker, K (2010). Dietary roles of 

phytate and phytase in human nutrition: 

A rev iew. Food Chemistry,  120: 

945–959.

16. Ezeama, C. F (2007). Food Microbiology. 

Fundamentals  and Appl icat ions. 

National Prints, Lagos, Pp 100-108.

17. Association of Ofcial Analytical 

Chemists, (AOAC) (2010). Ofcial 

methods of analysis. Washington D.C, 

USA. Pp 806-842.

18. Nielsen, S. S (2002). Introduction to the 

chemical analysis of foods. CBS 

Publishers and distributors, New Delhi, 

India, Pp 96 – 186.

19. Onwuka, G. I (2005). Food Analysis and 

Instrumentation. Theory and Practice. 

Naphthali Prints, a division of HG 

Support Nig. Ltd, Lagos.,Pp 115-131.

20. Nwamara, J. U. and Amadi, V.O (2009). 

Chemical and sensory evaluation of 

complementary foods for infants (6-24 

months) using locally available Nigerian 

staples. Nigerian Journal of Nutritional 

Sciences, 30 (1): 112-117.

21. Pranoto, Y., Anggrahini, S. and Efendi, Z 

( 2 0 1 3 ) .  E f f e c t  o f  n a t u r a l  a n d 

Lactobacillus plantarum fermentation on 

invitro protein and starch digestibilities of 

sorghum ours. Food Bioscience, 2: 

46–52.

22. Osman, M. A (2011). Effect of traditional 

fermentation process on the nutrient and 

antinutrient contents of pearl millet 

during preparation of Lohoh. Journal of 

the Saudi Society of Agricultural 

Sciences, 10: 1–6.

23. Oguntona, E. B. and Akinyele, I. O 

(1995).  Nutr ient composi t ion of 

commonly eaten foods in Nigeria-raw, 

processed and prepared. Food basket 

foundation publication series, Pp 7-44. 

24. Chinma, C. E., Adewuyi, O., & Abu, J. O 

(2009). Effect of germination on the 

chemical, functional and pasting 

properties of our from brown and 

yellow varieties of tiger nut (Cyperus 

esculentus). Food Research International, 

42:1004–1009.

25. Jan, R. Saxena, D. C. and Singh, S 

(2017). Physico-chemical, textural, 

sensory and antioxidant characteristics of 

gluten e Free cookies made from raw and 

g e r m i n a t e d  C h e n o p o d i u m 

(Chenopodium album) our. LWT – Food 

Science and Technology, 71: 281–287.

26. Moongngarm, A. and Saetung, N 

(2010). Comparison of chemical 

compositions and bioactive compounds 

of germinated rough and brown rice. 

Food Chemistry, 122: 782–788.

27. Ihekoronye, A. I and Ngoddy, P. O 

(1985). Integrated food science and 
s ttechnology for the tropics. 1  ed. 

Macmillan Pub. Ltd.London, Pp 95-140.

28. Mba-Anyadioha, A. E (2008). 

Production and evaluation of a 

microbiologically safe complementary 

food based on fermented maize and 

soyabean ours. Tropical Journal of 

biomedical and Allied Science Resorce, 

3 (1):194-204.

29. Liang, J., Han, B. Z., Nout, M. J. R. and 

Hamer, R. J (2008). Effects of soaking, 

germination and fermentation on phytic 

acid, total and in vitro soluble zinc in 

brown rice. Food Chemistry, 110: 

821–828.

30. Onyango, C. A., Ochanda, S. O., 

Mwasaru, M. A., Ochieng, J. K., 

Mathooko, F. M. and Kinyuru, J. N 

Nigerian Journal of Nutritional Sciences     Vol. 42 No. 2     122



( 2013 ) .  E f f e c t s  o f  ma l t i ng  and 

fermentation on anti-nutrient reduction 

and protein digestibility of red sorghum, 

white sorghum and pearl millet. Journal 

of Food Research, 2: 41–49.

31. Ortiz, D., Nkhata, S., Buechler, A., 

Rocheford, T. and Ferruzzi, M. G (2017). 

Nutritional changes during biofortied 

maize fermentation (steeping) for ogi 

production. The FASEB Journal, 31: 1.

32. El-Hag, M. E., El-Tinay, A. H. and Yousif, 

N. E (2002). Effect of fermentation and 

dehulling on starch, total polyphenols, 

phytic acid content and in vitro protein 

digestibility of pearl millet. Food 

Chemistry, 77: 193–196.

33. Hubert, J., Berger, M., Nepveu, F., Paul, F. 

and Dayde, J  (2008).  Ef fects  of 

fermentation on the phytochemical 

composition and antioxidant properties 

of soy germ. Food Chemistry, 109: 

709–721.

34. Ejigui, J., Savoie, L., Marin, J. and 

Desrosiers, T (2005). Benecial changes 

and drawbacks of a traditional 

fermentation process on chemical 

composition and antinutritional factors 

of yellow maize. Journal of Biological 

Sciences. 5(5): 590-596.

35. Manay, N. S. and Sharaswany, M. S 

(2008). Food facts and Principles. New 

Age Int. Ltd. New Delhi, India. 

36. Obiakor, P. N, Ukanero, C. I. and Umeh, 

S. I (2009). Chemical and sensory 

evaluation of fermented cassava our 

and product (akaraballs). Nigerian 

Journal of Nutritional Sciences 30 (2): 

70-75. 

37. Emambux, M. N. and Taylor, J. N (2003). 

Sorghum karin interaction with various 

phenolic compounds. Journal of the 

Science of Food and Agriculture, 83: 

402–407.

38. Elegbede, J. A (1998). Legumes. In 

Nutritional Quality of Plant Foods. A.U 

Osagie and O.U Eka (eds). Ambik Press, 

Benin City, Edo State, Pp 53-58.

39. Bello, M. O., Falade, O. S., Adewusi, S. R. 

A. and Olawore, N. O (2008). Studies on 

the  chemica l  compos i t ions  and 

antinutrients of some lesser known 

Nigeria fruits. African Journal of 

Biotechnology, 7: 3972-3979.

40. Coe, F. L., Parks, J. H and Asphin, J. R 

(1992). The pathogenesis and treatment 

of kidney stones. New England Journal of 

Medicine, 327: 1141-1152. 

Nigerian Journal of Nutritional Sciences     Vol. 42 No. 2     123


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

