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Abstract: Walnuts locally called ‘asala’or ‘awusa’ are eaten after boiling and maize which is fermented in the production of 
gruels called ‘ogi’ a widely utilized complementary food, shows qualitative and quantitative deficiency in protein content. The 
objective of this work is to co-ferment raw maize and walnut and also cooked walnut and maize to get low cost infant 
complementary foods of improved nutritional quality which might address malnutrition in infants. The mixture was prepared by 
co-fermenting 300g cooked walnut with 700g raw maize w/w (CWM) for 72h at 30OC. After 72h each product was wet- milled, 
sieved and dried at 60oC. Resultant flour was analyzed for: Proximate composition, minerals, anti-nutrients, amino acids, fatty 
acids, phospholipids, sterols contents and consistency using standard methods. The pH of (RW/M) dropped more drastically from 
6 to 5 at 12h to 72h than that of (CW/M). RW/M had higher values of ash (0.98), moisture (12.74), crude protein (10.72), crude 
fiber (4.63), ether extract (2.53), CHO (68.4) and energy (2824) than CWM. Cooking reduced the proximate composition. RWM 
was more enhanced in most amino acids, minerals, mystric, stearic, and linoleic acids. CW/M had more reduced values of oxalate, 
saponin, alkaloid, flavanoid and higher phytate. Phytin than RW/M. The values of total phenol in both samples were comparable. 
RW/M could serve as infant complementary food of improved nutritional quality. Bacillus pumilus, Lactobacillus delbrueckii, 

Leuconostocmesenteroide and Saccharomyces cerevisiaewere isolated from the fermented foods. 
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1. Introduction 

Adequate nutrition during the first two years of life is 
essential for optimal physical and mental development of 
infants. African walnut (Tretracarpidim conoforum), a less- 
utilized food legume in Nigeria harvested between June and 
September, mostly cultivated in south-west Nigeria, is eaten 
after boiling and locally called ‘asala’ or ‘awusa’[1]. Walnuts 
are rich in protein, carbohydrate, B- vitamins, magnesium and 
copper [2]. It is predominantly composed of polyunsaturated 
fatty acids, rich in anti-inflammatory Omega-3 essential fatty 
acids in form of alpha linolenic acid (ALA), a precursor to 
Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). 
Walnuts are also richer than other nuts in anti-oxidants which 
are useful in circulatory and cardiovascular systems. Walnuts 
are helpful in the treatment of type 2 diabetes, and act as a 
cancer chemo-preventive agent, due to the high phenolic and 
ellagic content [3;4].In the light of the nutritional values of 
Africa Walnut, the flour derived from the nut could serve as 

protein supplement in infant complementary food formulation. 
Maize is rich in carbohydrate but has lysine, threonine and 
tryptophan as limiting amino acids. Maize oil has a high 
content of polyunsaturated fatty acids mainly linoleic acid 
(24 %) and thereby a high n-6/n-3 fatty acid ratio. Developing 
countries depend on cereals like maize for supply of both 
energy and proteins [5]. In Nigeria, fermentation has been 
shown to be an effective and convenient process for improving 
the nutritional value and reducing the bulk and viscosity of 
maize food where the fermented product is made into gruel or 
pap called ‘ogi’ which is often fed to infants [6 ]. There is a 
growing interest in the formulation of food products, using 
fermented maize with other legumes as a way of improving 
nutritional quality [7]. There is therefore, need for more 
information on the biochemical changes associated with the 
processes of co- fermenting of maize with walnut on which 
beneficial infant complementary food can be obtained. This 
study was therefore designed to investigate the effect of co- 
fermentation on chemical, functional and nutritional properties 
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of co-fermented maize /walnut flour. 

2. Materials and Methods 

2.1. Sample Preparation 

Mature nuts of African Walnut were purchased from Oja 
Oba market of Ekiti- State, Nigeria. The shells were removed 
and seeds were weighed. 

2.2. Processing 

Maize grains were sorted and winnowed. Unshelled walnuts 
were sorted and washed. They were divided into two; a section 
was soaked raw while the shelled walnuts of the other section 
were cooked before co-fermenting 300g cooked walnut with 
700g raw maize w/w (CWM) for 72h at 30OC. Co-fermented 
unshelled raw walnut with raw maize (RWM), served as 
control. Each mixture was soaked and left to ferment 
spontaneously for 72h each product was wet- milled, sieved 
and oven dried at 60oC for 24h. Then ground into flourand 
passed through a 45-m mesh size sieve and stored in sealed 
polythene pending analyses. 

2.3. pH Determination 

The pH was determined at every 24h of fermentation time 
by using pH meter (Model 3505, England). 

Solubility was determined by the method of [9]. 

2.4. Proximate Composition Determination 

Crude Protein was determined according to micro- Kjeldahl 
Procedure according to method described by [8].Fat, 
carbohydrate, ash and moisture protein contents were 
determined using methods described by [8].Energy values were 
estimated and expressed in Kilo calories/100 kg and 
carbohydrate by difference 

2.5. Minerals Content 

The following minerals: Fe, Cu, Zn, Mg, K, Mn and Na, Ca 
were determined by atomic absorption spectrophotometer 
(Hitachi Z 6100, Tokyo, Japan), using the method described by 
[8].One gram of sample was weighed into each crucible and 
transferred into Muffle Furnace pre-set at 530oC for 120 
minutes. The crucibles were cooled and weighed; this was 
done in triplicates. The percentage ash was calculated. 
Phosphorus was determined using spectrophotometer at 
430nm[8]. 

2.6. Determination of Amino Acids 

The amino acid profile in the cocoa samples was determined 
using methods described by[8] The samples were dried to 
constant weight. The mass was subsequently defatted, 
hydrolysed, filtered to remove the humins and evaporated to 
dryness at 400C under vacuum in a rotary evaporator. Each 
residue was dissolved with 5ml of acetate buffer (pH 2.0) and 
stored in a plastic specimen bottle kept inside the deep freezer 
pending subsequent analysis. The Technicon Sequential 

Multisample Amino Acid Analyser (TSM), Technicon 
Instruments Corporation, New York was used for the analysis. 
The principle is based on ion-exchange chromatography (IEC)]. 
The equipment is designed to separate free acidic, neutral and 
basic acids of the hydrolysate. The amount loaded for each 
sample was 5-10µl and about 76 minutes elapsed for each 
analysis. The column flow rate was 0.50ml/min at 60oC with 

 reproducibility consistent within 3%. The net height of each 
peak produced by the chart record of the TSM was measured 
and calculated for the amino acid it was representing. All 
chemicals used were of analytical grade. 

2.7. Antinutritional Factors Determination 

Estimation of total phenols: Standard method [10] in which 
total phenol is which is expressed as chlorogenic acid 
equivalent, was used for the estimation of total phenols. 
Antinutritional factors were determined by the chemical 
method described by [10]. The titration method was used to 
determine the oxalate content according to[11]. Phytate content 
was determined using the method described by [10]. 

2.8. Functional Properties Determination 

Water absorption capacity (WAC) was determined as 
described by[12], in which 1gram of sample and 10 ml distilled 
water were added to 25 ml centrifuge tube, suspension was 
stirred on magnetic stirrer and allowed to stand for 30minutes 
at 25oC. The volume of supernatant water on the suspension 
was measured.WAC was calculated as ml water. 

2.9. Fatty Acid Methyl Esther Analysis 

About 50mg of the extracted fat content of the sample was 
saponified (esterified) for five (5) minutes at 950c with 3.4 ml 
of the 0.5M KOH in dry methanol. The mixture neutralized by 
using 0.7M HCL. 3ml of the 14% boron triflouride in methanol 
was added. The mixture was heated for 5 minutes at the 
temperature of 900C to achieve complete methylation process. 
The Fatty Acid Methyl Esters were thrice extracted from the 
mixture with redistilled n-hexane. The content was 
concentrated to 1ml for gas chromatography analysis and 1 u1 
was injected into the injection port of GC. The gas 
chromatography conditions of analysis are as attached in the 
analysis print out as described by [13]. 

2.9.1. Sterol Analysis 

Sterol analysis was carried out by following the modified 
official method of [9]. The aliquot of the extracted oil was 
added to the screw-capped test tubes. The sample was 
saponified at 950C for 30 minutes, by using 3 ml of 10% KOH 
in ethanol, to which 0.20ml of benzene had been added o 
ensure miscibility. Deionised water (3ml) was added and 2ml 
of hexane was used in extracting the non-saponifiable 
materials (sterol, etc). Three extractions, each with 2ml of 
hexane, were carried out for 1 hour, 30 minutes and 30 minutes 
respectively, to achieve complete extraction of the sterols. The 
hexane was concentrated to 1 ml in the vial for gas 
chromatography analysis and 1 µl was injected into the 
injection port of GC. The gas chromatography conditions of 
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analysis are as attached in the analysis print out as described by 
[13]. 

2.9.2. Phospholipids Analysis 

Modified method of [10] was employed in the analysis of 
the extracted oil phospholipids content determination. About 
0.01g of the extracted fat was added to the test tubes. To ensure 
completes dryness of the oil for phospholipids analysis, the 
solvent was completely removed by passing the stream of the 
nitrogen gas on the oil. 0.40ml of chloroform was added to the 
content of the tube and it was followed by the temperature of 
1000C in a water bath for about 1 minute 20 seconds. The 
content was allowed to cool to the laboratory temperature and 
5 ml of the hexane was added and the tube with its content 
shook gently several times. The solvent and the aqueous layers 
were allowed to be separated. The hexane layer was recovered 
and allowed to be concentrated to 1.0 ml for gas 
chromatography analysis using pulse flame photometric 
detector. The gas chromatography conditions of analysis are 
attached in the analysis print out as described by [13]. 

2.9.3. Consistency 

Empirical measurement for consistency of each gruel was 
determined using Botswick Consistometer.(Laomat CEDEX) 
as described by [14]. Four to 18% (on dry matter basis weight 
‘ogi’ gruel cake: water) were mixed and stirred constantly on 
hot plate at 80

o
C. At the first appearance of first appearance of 

first bubble, cooking was timed to 5 minutes after which were 
cooled to 45

o
C. The first compartment was filled with 100ml 

of  each co-fermented cereal/cowpea gruel. At time =0, the 
trigger was pressed to release the gate of the first compartment 
to allow gruel flow by gravity to the second compartment. The 
distance the gruel covered in 30seconds was measured in 
millimeters as the Bostwick Consistency reading (i.e flow in 
mm/30seconds). Dry matter of gruel was determined according 
to[8]. 

2.9.4. Microbiological Evaluations 

Steep liquor (10ml portions) was aseptically removed every 
24 hours over a 72hour period and serially diluted; using 
different sterile 1.0ml pipette 0.1ml of 10-1 to 10-8 dilutions. 
Ten serial dilutions of were done for each sample. The various 
samples were plated out by mixing with MRS agar medium in 

McCartney bottles and poured aseptically into sterile Petri 
dishes for lactic acid bacteria isolation. After solidifying, the 
Petri dishes were incubated in anaerobic jars using BTL Gas 
Park (hydrogen and carbon dioxide generators). The colonial 
morphology and cellular characteristic for the various colonies 
obtained were studied. The total viable counts were made on 
plate count agar (PCA). Yeasts and mould counts were 
determined on malt extract agar (MEA) containing 100ml – 
streptomycin and MacConkey agar for Enterobacteriacae. 
Plates were incubated at 30oC for 24h. For the PCA 300C, for 
48h for MRS, 370C for 24h for MacConkey and 4-5 days for 
the MEA medium. After the incubation period the plates were 
observed for bacterial growth and the colonies were randomly 
selected. Cultures were sub-cultured and repeated streaking 
was done on sterile MRS plates to obtain pure culture. 

Characterization of Isolates 

This was done by employing macroscopic, microscopic, and 
biochemical tests. Identification: Pure growth was heavily 
inoculated in the modified MRS broth containing the following 
sugar: glucose (plus Durham’s tube) lactose, sucrose, salicin, 
mannitol, sorbose and xylose in MRS broth containing 2% 
glucose and in which the ammonium citrate has been replaced 
by 0.3% arginine for arginine hydrolysis, and in MRS broth 
containing 4% sodium chloride. These were incubated at 280C-
300C for 3-4 days. Also, inoculated tubes of MRS broth were 
incubated at 150C and 450C. Identification was done as 
described by [15] 

3. Statistical Analysis 

All analyses were carried out in duplicates and the data 
collected were analyzed using Plot IT software [16]. Data were 
subjected to analysis of variance (ANOVA) and Turkey’s test 
was used for comparison of means. Significance was accepted 
at p = 0.05. 

4. Results 

Fig. 1 shows that the pH of RWM dropped more drastically 
from 6 at 0hr to 4.0 at 12hr and rose to 6.0 from 24h to 72h. 
That of CWM was 6.0 at 0hr, 5.2 at 24h and 5.5 from 24hr to 
72hr. 

 

Fig. 1. pH changes during co-fermentation of RWM and CWM. 

In chemical proximate composition, investigation into the 
proximate constituents of the samples as shown in Table 1 

revealed that the ash and moisture content were 67.62% and 14% 
higher in CWM than RWM with 3.28 and 16.98% respectively. 
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However, the protein contents of the samples were also 
observed to be 3% higher in RWM than CWM. The moisture, 
crude protein and crude fat contents were comparable in both 

samples. The carbohydrate contents were recorded as 62.84% 
and 50.57% in RWM and CWM respectively. 

Table 1. The chemical proximate composition  of RWM and CWM. 

Sample Ash Moisture Crude protein Fat Crude fiber Carbohydrate 

RWM 3.28±0.057b 4.33±0.011c 20.51±0.011e 7.58±0.011d 0.93±0.057a 62.84±0.01f 
CWM 16.98±0.010d 5.88±0.057b 19.25±0.057e 6.76±0.051c 0.64±0.01a 50.57±0.057f 

 
In Table 2, the functional properties, RWM had significantly 

(p0>0.05) higher Water absorption capacity,(WAC), oil 
absorption capacity (OAC) emulsion capacity ,(EC) , emulsion 
stability (ES) and  least gelation (LG) compared to CWM. 
However CWM had foaming capacity (FC) which was 

observed to be 20% higher in RWM. The water absorption 
capacity was higher RWM with about 260% and the least gel 
efficiency was also found to be 14% higher in RWM than 
CWM. Nearly all the characteristics examined were observed 
to be higher in RWM than CWM. 

Table 2. Functional properties of  RWM and CWM. 

Sample WAC (%) OAC (%) FC (%) FS (%) EC (%) ES (%) LG (%) 

RWM 260.25±0.0g 158.5±0f 4.16±0.02b 2±0a 51.69±0.58d 60.23±0.058e 8±0c 
CWM 85.63±0.05e 95.54±0f 6+0.0b 2±0a 40.52±0.01c 45.31±0.01d 6±0b 

Key: WAC=Water absorption capacity, OAC= Oil absorption capacity, FC= Foaming capacity, FS= Foaming stability, EC= Emulsion capacity, ES= Emulsion 
stability, LG= Least gelation . 

In Fig.2, There was a significant increase in protein 
solubility of RWM from pH 1-11 but lower at pH12 than 

CWM. The protein of the RWM more soluble than that of 
CWM. 

 

Fig. 2. Effect of pH on protein solubility of RWM and CWM. 

Fig. 3 showed the amino acid profile. The total amino acids 
were 92% and 90.4% in RWM and CWM respectively. The 
levels of Histidine and Lysine in the two samples were 
observed to be 2.5 g/100gcp and 3.0 g/100gcp in CWM which 
were considered to be too low while Arginine and Leucine 
were also observed to be 9.8g/100gcp and 8.2 g/100gcp 
respectively. Mixture with RWM had higher values in: Glycine 

Serine, proline, leucine, aspartic acid and arginine while CWM 
had   higher values in cysteine and valine than RWM. Both 
sample had comparable values in threonine, isoleucine, lysine, 
methionine, glutamate, phenylalanine, histidine and tyrosine. 
Total aminopacids (TAA) was higher in RWM with92.33% 
than CWM of 90.44% while total essential amino acids  
(TEAA) was higher in CWM than RWM. 

 

0

20

40

60

80

100

120

0 2 4 6 8 10

%
P

ro
te

in
 S

o
lu

b
il

it
y

pH

Co-fermented

maize/cooked walnut

Co-fermented

maize/uncooked

walnut



 International Journal of Nutrition and Food Sciences 2015; 4(3): 332-342 336 
 

 

Fig. 3. Amino acids profile (g/100gcp) of RWM and CWM. 

In Fig. 4, Cholesterol value was comparable in both samples. 
Cholestanol was higher in RWM than in CWM. Ergosterol and 
Savanesterol had comparable values in both samples. The 
values of Campesterol and stigmasterol were significantly 
higher(p0>0.5) in CWM than RWM. The total sterols was 

higher in sample with CWM (242.910 than that with RWM 
(136.9). Sitosterol was high in the two samples examined with 
values ranging from 110-185mg/100g in CWM and RWM 
respectively. The level of cholesterol was observed to be low in 
the two samples, lesser than 10mg/100g 

 

Fig. 4. Steroids profile  (%) of RWM and CWM. 

In Fig. 5 Both products are lacking in Caprylic (C8:0), Lauric acid (C12:0), Margaric acid (C17:0), arachidonic acid 
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(AA, C20:4n-6),Behehenic acid (C22:0(, Erucic (C22:1) and 
Lignoceric (C24:0). However, palmitic ,palmitoleic and 
linoleic acids were significantly higher (p0.>0.5) in CWM than 

RWM. Stearic, mistric and linoleic acids were higher in RWM 
than mixture than in CWM. The values of Oleic acids were 
comparable in both samples. 

 

Fig. 5. Fatty acids composition (Norm %) of RWM and CWM. 

Keys: Caprylic acid methyl ester (C8:0), Capric acid methyl ester (C10:0), Lauric acid methyl ester (C12: 0), Myristic acid methyl ester (C14: 0), Palmitic acid 
methyl ester (C16:0), Palmitoleic acid methyl ester (C16:1), Margaric acid methyl ester (C17: 0), Stearic acid methyl ester (C18: 0), Oleic acid methyl ester (C18: 
1), Linoleic acid methyl ester (C18:2), Linolenic acid methyl ester (C18: 3), Arachidic acid methyl ester (C20 : 0), Arachindonic acid methyl ester (C20:4), 
Behenic acid methyl ester (C22: 0), Erucic acid methyl ester (C22:1) and Lignoceric acid methyl ester (C24: 0). 

In Fig. 6, CWM had higher values in the following: 
phosphatdylethanolamine and phosphatidyllinsitol with the 
lipid level of the sample ranges from 7-330mg/100g in 
Phosphatidylinsitol and Lyso Phosphatidylcholine respectively 
in CWM while RWM lipid level also ranges from 10-

220mg/100g in Phosphatidylinsitol and Phosphatidylserine 
respectively. However phosphatidylcholine and 
lysophosphatidylcholine were higher in RWM. The total 
phospholipids were higher in CWM (950.07804) than in RWM. 

 

Fig. 6. Phospholipids profile (%) of RWM and CWM. 

Key: Phosphatidylethanolamine (PEA), Phosphatidylcholine (PDC), Phosphatidylserine (PLS), LysoPhosphatidylcholine (LPC) and Phosphatidylinsitol (PDS). 
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In Fig 7. At 4% flour concentrations the consistencies of 
gruels of both samples were too watery for the Bostwick flow 
to be measured. At 6% and 8% CWM had higher Bostwick 
flow (hjgher consistency ) than RWM. The thickness (lower 

consistency) was more pronounced at 6% flour concentration 
RWM with 3mm/30sec and 8mm/30sec for CWM. At 10% 
both samples consistencies were too thick and could not be 
measured. 

 

Fig. 7. Effect of cooking and fermentation  on the consistency of co-fermented walnut and maize. 

Table 3. Minerals content of RWM and CWM (mg/100g). 

Minerals RWM CWM 

Na 15.65±0.01e 12.69±0.02e 
K 32.29±0.01f 20.48±0.0f 
Ca 81.58±0.05h 65.54±0.05i 
Mg 163.17±0.005i 108.16±0.005j 
Zn 70.34±0.05g 58.36±0.01g 
Fe 2.34±0.06c

 1.22±0.05d 
Mn 0.33±0.006b 0.55±0c 
Cu 0.01±0a 0.03±0b 
P 8.34±0.057c 3.08±0.017d 
Pb 0±0a 0.06±0.06a 

Table 3 shows that RWM had significantly (p0>0.05) higher 
values of most of the minerals examined except in manganese 
and copper in which CWM had higher values. The value of 
lead was comparable in both samples. However, the quantity of 
Copper and lead observed in the two samples were too low. 

In Table 4.Phytate level was high in the two samples with an 
approximately value of 11.5 and 13.9 for RWM and CWM 
respectively. The phenol level was observed to be insignificant 
both samples with an average value of 0.19mg/100g 
 

Table 4. Antinutritional factors of RWM and CWM. 

Sample 
Tannin 

mg/100g 

Phytate 

mg/g 

Phytin - 

phosphorus 

Oxalate 

mg/g 

Saponin 

% 

Alkaloids 

% 

Flavonoids 

% 

Total Phenol 

mg/100g 

RWM 0.24±0.0b 11.53±0.005h 3.25±0.005g 0.99±0d 2.63±0f 1.31±0e 0.73±0.11c 0.17±0a 
CWM 0.3±0a 13.9±0.17e 3.94±0d 0.72±0b 1.34±0c 0.51±0.44a 0.52±0a 0.21±0.06a 

B .pumilus, L. delbrueckii, L. mesenteroide and S. cerevisiae were observed to be the predominant culture in the samples examined with RWM containing all the 
cultures while the CWM samples was found to contain L. delbrueckii, L. mesenteroide and S. cerevisiae only. 

Table 5. Micro flora of RWM and CWM. 

Organisms/ Food B. pumilus L. delbrueckii L. mesenteroide S.cerevisiae 

RW/M √ √ √ √ 
CW/M X √ √ √ 

 

5. Discussion 

In Fig. 1.The observed reduction in pH of CWM and RWM 
might be due to inactivation of some microbes or microbial 
metabolic activity by heat during the cooking of the walnut. 

The sharp drop of pH at 12h might be due to the activity of 
lactic acid bacteria. The later increase in pH might be due to 
amine production from the protein component of walnut which 
can make the fermenting medium to become alkaline in nature. 

The proximate chemical composition in (Table 1) of RWM 
and CWM revealed that the ash and moisture content were 
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higher in CWM than RWM and because the ash content is an 
indication of mineral elements present in the flour, the 
reduction in the ash content of RWM may arise as a result of 
usage of minerals by increased metabolic activities of inherent 
microorganisms (Table 1) [17] reported that walnuts contain 
high-quality protein that can substitute for meat. However, the 
increase in RWM (12.74g/100g) compared favorably with the 
value of 11.4% reported for canephor nut flour [18], and higher 
than 8.57% reported for jackfruit seed flour [19]; but 
significantly (p>0.05) lower than 22.8% value reported for raw 
walnut by [20]. 

Table 1. The crude protein is significantly higher in both 
samples than 6-11g/100g required for 6-23months based on 
average, medium and high breast milk intake. This indicates 
that a reduction in walnut/maize ratio might give adequate 
protein content of the mixture to be adequate for these age 
ranges. A decrease in the carbohydrate content of CWM 
compared to RWM may be due to an increased in the process 
of breaking down of starch to sugar by increased metabolic 
activities of microorganisms containing enzyme amylase; this 
can enhance the use of CWM in food formulation exploration 
in agreement with[21]. 

Investigation showed that some of the functional 
characteristics of RWM were higher than CWM (Table 2). The 
water absorption capacity was 260.25% and 85.6% for CW/M 
and RW/M respectively; these values are lower than water 
absorption capacity of 340% reported for raw conophor flour 
by [18], while that of RWM was higher than 170% reported for 
African yam bean [21]. This result suggests that any of the co-
fermented walnut/maize flour may find application in the 
production of some baked products. The lower oil absorption 
capacity of CW/M as compared to RW/M might be due to low 
hydrophobic proteins which show superior binding of 
lipids[ 22]; indicating that any of the products in this study 
may be a lower flavor retainer in agreement with [23]. 

Among the functional properties of proteins, solubility is 
probably the most critical function. Protein solubility 
characteristics are influenced by factors such as origin, 
processing conditions, pH, and the presence of other 
ingredients [24]. In Fig. 2.The significant increase in protein 
solubility of RWM from pH 1-11 than CWM might be due to 
the higher proteolytic activity during co-fermentation of RWM 
which might lead to an increase in the protein solubility 
resulting from hydrolysis of the storage proteins. 

Amino acid score should not be less than 70% of that of 
casein [25]. In Fig 3, both samples had comparable values of 
Arginine, met., phenylala, isoleucine, leucine and histidine. 
Histidine and lysine which are essential amino acids for child’s 
growth while both values were lower than 6.3g/100g of 
reference egg protein and RDA value of (6.6g/100g) while 
arginine is higher than RDA value. Cystine, which acts as a 
sparring partner in methionine synthesis has positive effect on 
zinc absorption thus making consumption of CWM mixture 
desirable. Leucine constituted the highest single essential 
amino acid (EAA) in all the samples this finding agrees with 
the finding that leucine content had highest values compared to 
other amino acids in raw, roasted and cooked groundnut 
(Arachishypogaea) seeds [26] Methionine + cysteine are the 

limiting amino acids in legumes CW/M had significantly 
(p0>0.5) higher values of Met+Cyst. High values glutamate in 
both products are by-products of microbial fermentation which 
might affect the flavour of the products. 

The total amino acids (figure 3) were 92% and 90.4% in 
RWM and CWM respectively. The ArAA of RW/M 122.56 and 
CW/M 135.65mg/g cp was close to range suggested for ideal 
infant protein (68-118mg/ g cp). The ArAA are precursors of 
epinephrine and thyroxin. The percentage ratios of TEAA to 
TAA in the samples were 26.23% RWM and 24.73% in CW/M 
respectively these values are lower to 39% considered to be 
adequate for ideal protein food for infants. The percentage 
ratios of total essential amino acids (TEAA) to total amino 
acids (TAA) in the samples were 26.23% and 24.73% in 
RW/M and CW/M respectively these values are lower to 39% 
considered to be adequate for ideal protein food for infants. 

In Fig 4.Cholesterol levels are very significant in the body 
because they moderate the fluidity of membranes. Cholesterol 
prevents the crystallization of fatty acyl chains by fitting itself 
between them. Cholesterol is a major component of nerve 
membranes and it is needed for cell growth. Dietary 
cholesterol also affects the maturation of high-density 
lipoprotein as reported by [27]. 

A profile of phytosterols (Plant sterols) of 30-65% -sitosterol, 
10-40% campesterol, 6-30% stigmasterol and a total of 5% 
other phytosterols, based on total sterol content (w/w), was 
reported to be acceptable[27] . The major phytosterols are 
sitosterol, campesterol, stigmasterol and savenasterol CWM 
had higher values of these phytosterols than RWM. 
Phytosterols are lypophilic naturally occurring compounds that 
are structurally related to cholesterol. Phytosterols are not 
endogenously synthesized in humans and are derived solely 
from diet. It has been recently reported that phytosterols have 
been reported to significantly reduce cholesterol absorption in 
humans and blood cholesterol to a small degree [28]. The 
consumption of high doses of plant sterols significantly 
reduces the blood levels of carotenoids and, to a lesser extent, 
of other essential fat-soluble nutrients. In Cholestanol, RWM 
had a slightly higher level than CWM. This shows that cooking 
reduced cholestanol content. The CWM also had higher total 
sterols than RWM. 

In Fig. 5, Linoleic acid is the most enhanced fatty acid in 
both samples in this study. RWM had a higher content of this 
acid than CW/M. However CW/M had a higher content of 
linolenic acid. Walnuts are rich in anti-inflammatory Omega-3 
essential fatty acids in form of alpha linolenic acid (ALA), a 
precursor to Eicosapentaenoic acid (EPA) and decosahexaenoic 
acid (DHA). EPA and DHA are efficiently used for tissue 
incorporation and specific body function. 

The fat content by implication the energy density, is low in 
traditionally plant based diet therefore, increasing the content 
of fat of such diet might increase nutrient density. In this study, 
fatty acids is reported in (Norm %) as shown in Fig. 5, [29] 
reported that Myristic acid on serum cholesterol and 
lipoprotein concentrations should not exceed 20% of the total 
fat contents for it has a greater effect in raising cholesterol 
levels than did palmitic acid. In this study, RWM had a higher 
value of palmitic acid which could raise cholesterol than CWM. 
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Erucic acid is reported to have no known nutritional benefits 
therefore its value of 0.0000 in all the samples were therefore 
desirable. Cooking enhanced palmitic acid as seen in the value 
of CWM than RWM. In Palmitoleic acid value CWM had 
significantly (p0.>05) higher than RWM, thus cooking 
increased palmitoleic fatty acid. Stearic acid has been reported 
to have neutral effects on blood cholesterol and lipoproteins 
but with possibility of thrombogenicity RWM had higher 
stearic acid content than CWM. 

In this work, LA value of RWM was slightly higher than that 
of CWM. Small amounts of LA and ALA must be provided in 
the diet [30]. Linoleic acid deficiency may develop as 
secondary conditions like protein energy malnutrition and fat 
malabsorption. [30], reported that when ratios of AL: ALA are 
low, there would be modest improvement in some n-3 
LCPUFA levels. The presence of sterols and lipids (figure 4 
and 6) revealed that the food can present virtually all nutrients 
essential for optimal growth for infant. Cholesterol plays an 
important role in the absorption of fatty acids from the 
intestine and in their consequent transportation in the blood or 
haemolymph. 

Phospholipids as shown in Fig.6.CWM had higher values in 
the following: phosphatdylethanolamine and 
phosphatidyllinsitol while phosphatidylcholine, 
lysophosphatidylcholine were higher in RWM. The total 
phospholipids were higher in CWM (950.07804) than in RWM. 
Phospholipids results as (mg/100g).CWM had significantly (P 
0.>05) higher value of Phosphatidylethanolamine. According 
to[2] Choline in food exists in either a free or esterified form 
that is choline is bound within another compound, such as 
lipid-soluble phosphatidylcholine which bypasses the liver 
once absorbed. The cation appears in the head groups of 
phosphatidylcholine is abundant in cell membranes. Choline 
deficiency may play a role in liver disease, atherosclerosis, and 
possibly neurological disorders[2].Choline is the precursor 
molecule for the neurotransmitter acetylcholine, which is 
involved in many functions including memory and muscle 
control. RWM had double the content of phosphatidylcholine 
than CWM, while the value of lysophosphatidylcholine was 
higher in CWM than in RWM. However, CWM had samples 
had significantly (p0>0.5) higher value of Phosphatidylinsitol 
than RWM. This shows that cooking might have enhanced the 
availability of Phosphatidylinsitol. All membranes whether 
they are at the cell surface or form part of an intracellular 
organelle such as a mitochondrion are composed of 
phospholipid bilayers as reported by [32]. 
Phosphatidylserineand phosphatidylethanolamine are the major 
ones containing phospholipid in neural membrane of the 
cerebral grey matter. Certain phospholipid solubilizes 
lipophilic compounds and acting as a source of long chain 
polyunsaturated fatty acids. Phospholipids is also described by 
[32] as indispensable components of cholesterol in lipoprotein 
synthesis and metabolism. 

The consistency of gruels prepared might be due to 
interaction of cereal starches with protein which can influence 
gelatinization and retrogradation of starches. There is a strong 
negative relationship between flour dry matter and Bostwick 
flow of gruel R value of -0.83 to -0.97. The higher the 

consistency values, the less the dry matter values as seen in 
Fig.7. This is in agreement with [33]. It was noted that as gruel 
cools, the gruel consistency decreased irrespective of the 
concentration. The most ideal temperature of gruel for an 
infant’s mouth is 45oC. 

The lower value of RW/M might be due to greater 
thixotropic behavior suspensions of swollen starch granules, 
present more in RW/M in agreement with [20]. The higher 
consistency values of CW/M means reduced viscosity and by 
implication more energy and nutrient densities. The 
consistency of gruels prepared (figure 7) might be due to 
interaction of cereal starches with protein which can influence 
gelatinization and retro-gradation of starches. There is a strong 
negative relationship between flour dry matter and Bostwick 
flow of gruel R value of -0.83 to -0.97. The higher the 
consistency values the lesser the dry matter values. This is in 
agreement with [33]. It was noted that as gruel cools, the gruel 
consistency decreased irrespective of the concentration. The 
most ideal temperature of gruel for an infant’s mouth is 45oC. 
The lower value of RW/M might be due to greater thixotropic 
behavior suspensions of swollen starch granules [20], which 
might be more present in RWM. The higher consistency values 
of CWM means reduced viscosity and by implication more 
energy and nutrient densities. 

Table 3.shows the mineral contents of both samples. The 
Magnesium deficiency interferes with protein utilization and 
increases the risk of developing potassium depletion. In Table 
4, the value of magnesium was higher in RWM than CWM, the 
value in both samples meet that of 6-23mo (80-120mg/100g). 
Magnesium complements calcium in the body for bone health, 
heart muscle support; it is enzyme co-factor in red blood cell 
formation and support energy levels [2].Copper support 
collagen formation for joints and bones, red blood cell 
formation and support energy levels. The values of calcium 
found in the flours, 81.58mg/100g and 65.54 mg/100 g are 
adequate for bone and teeth development in infants [34]. 

According to [35], the daily ration of a fortified 
complementary food should contain 4–5 mg of zinc. The value 
in this work also exceed the RDA of 3 mg/100g making both 
products desirable in terms of zinc content and is justified 
because of the lower bioavailability of Zinc in cereal-based 
diets typical in developing countries. RW/M was richer in zinc 
and relatively lower in anti nutritional constituents (Table 4) 
therefore could be of nutritional advantage in enhancing iron 
absorption. Phosphorus is an essential component of 
hydroxyapatite, the main structural bone mineral, deficiency of 
phosphorus is common in malnourished children and severe 
hypophosphatemia is associated with increased mortality in 
kwashiorkor [36].RW/M had higher P, Na, K, Ca, Mg, Zn and 
Fe than CWM. Thus adding RW/M to infant diet might boost 
intake of these minerals. 

In Table 4.Fermentation process can reduce phytate by 
almost 90%, due to activation of endogeneous phytase in 
cereal and legume being prosessed. The pH of RW/M and 
CW/M by 72h 5.0 and 5.5 respectively (fig.1) were optimal for 
phytases activities[37]. 

As reported by [38], phytic acid is a strong inhibitor of iron 
absorption in both infants and adults, inhibits pepsin, amylase 
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and trypsin necessary for hydrolysis of proteins and starch in 
the small intestine. [38] also reported improvements in 
absorption of iron, zinc, and calcium in cereal-based foods 
prepared with a reduced phytate content. RWM had higher 
phytate and phytin content. 

Phenols and tannins complex with iron and zinc and inhibit 
enzymatic activities of pectinase, amylase, lipase, proteolytic 
enzymes, β-galactosidase and those microbial 
enzymesinvolved in fermentation of cereal grains like maize 
while tannins in legumes like walnut reduce ionisable iron 
absorption by acting as a natural iron chelating agent. 
Flavonoids adds astringent taste to food to form complex 
formation with metals. According to [29], the complex 
formation immobilizes nutrients for digestion and absorption 
and thereby reduces the nutritional value of the food. Soaking 
in water prior to cooking has a significant effect on reducing 
the tannin content (37.5-77.0%), provided the water used for 
soaking is discarded . 

Both samples had comparable tannin values. This was also 
obvious in their comparable proline content. Proline  bind 
more tannin than other amino acids. Lower value of saponin 
and alkaloid (both of which were reduced by 50%) in CW/M 
may be due to the effect of cooking of walnut in this mixture 
and this might make the product less astringent and bitter in 
taste. While the higher value of saponin in RW/M might aid in 
the absorption of important minerals and cause lesser irritating 
effect on digestive system but might also have negative effects 
on the permeability of the small intestinal mucosa and have 
been found to impair active nutrient transport in animal and 
cell models[29] . The higher content of saponin might also 
make RW/M to be beneficial in the control of blood cholesterol 
levels, promotion of bone health, building up of the immune 
system and helping in heamolysis. 

In Table5.RWM and CWM had L. delbrueckii,L. 

mesenteroide and S. cerevisiae inherent microorganisms 
however in addition, RWM had B. pumilus. However, the 
increase in the microbial load in the form of single cell proteins 
could also be responsible for increase in protein content of 
RWM [29]. 

6. Conclusion 

Walnut flour is a rich source of oil and contains moderate 
amount of protein. Co- fermentation of maize with walnut can 
also be used to improve the nutritional content of this seed. 
Investigation of food processing methods like fermentation can 
reduce the risk of microbial contamination in the food after 
preparation in the home. 

Recommendation 

Further work needs to be carried out on the molecular 
characteristic of microorganisms associated with the 
fermentation especially as fermentation hours progresses and 
to develop starter culture to ferment this seed and probably see 
changes on the resultant flour for usage in food formulation. 

Acknowledgement 

We acknowledge the support of Centre of Excellence for 
Biotechnology Institute of Microbiology, CAS, China and the 
research funding department of the Federal University 
OyeEkiti. 

 

References 

[1] M.U. Akpuaka and E. Nwankor, Extraction Analysis and 
Utilization of a drying-oil from 
Tetracarpdiumconophorum.Bioresour.Technol, 2000,vol. 73, pp. 
195-196. 

[2] N.D.M. Murray, The Encyclopedia of Healing Foods. 2005. 

[3] NIFST. Preliminary studies on the characterization of 
contaminants in tigernut (Yellow variety).Proceedings of 27th 
annual Nigerian Institute of Food Science and Technology 
(NIFST) conference. 2003. Available: 
http://en.wikipedia.org/wiki/Walnut. 

[4] B. Cortés,I. Núñez, M. Cofán, R.Ilabert, A.Pérez-Heras, E. 
Casals, et al. Acute Effects of High-Fat Meals Enriched With 
Walnuts or Olive Oil on Postprandial Endothelial Function. 
Journal of the American College of Cardiology 2006, 
vol.48,no.8, pp. 1666–71. 

[5] T.A El-Adawy, Nutritional composition and Anti nutritional 
factors of Chickpea (Cicerarietinum L.) undergoing different 
cooking methods and germination. Plant Food Hum Nurtr. 2002, 
vol. 57, pp 83-97. 

[6] H.E. Eneche, editor. Rate of water absorption in maize grains 
soaking. Proceedings of the Nigerian Institute of Food Sci and 
Technology AGM/ Conference: 2009; Yola, 

[7] M. A. Oyarekua and E.I Adeyeye, Comparative Evaluation of 
the Nutritional Quality, Functional Properties and amino Acid 
Profile of Co-Fermented Maize/Cowpea and Sorghum/ Cowpea 
‘ogi’ as Infant Complimentary Food- Asian J. of Clinical 
Nutrition. 2008, vol.1,no.1,pp.31-39. 

[8] AOAC. Official methods of analysis of the Association of 
Official Analytical Chemists.17thedn. USA, VA. 2005, vol.4 

[9] H.W. Leach , L.D, Mccowen, T.J Schoch, Structure of the starch 
granules. In: Swelling and solubility patterns of various starches. 
Cereal Chem. 1959,vol. 36,pp. 534-544. 

[10] J.C. Okaka and N.N. Potter, Physicochemical and functional 
properties of cowpea powders processed to reduce beany flavor. 
J. Food Sci. 1979,vol. 44,pp. 1235-1240. 

[11] J.A. Maga, Phtate: Its chemistry occurrence, food interactions. 
Nutritional significance and methods of analysis. J. Agric. Food 
Chem.1982,vol. 30,pp.1-7. 

[12] R.A. Day and A.L. Underwood Qualitative Analysis 5thEdn. 
Prentice Hall Publications New Delhi, India , 1986,Pp. 74-97. 

[13] L.R. Beuchat. (1977). Functional and electrophoretic 
characteristics of succinylated peanut flour protein.J. Agric. 
Food Chem. 1977. Vo. 25 Pp. 258-261. 

[14] E.I Adeyeye, M.A. Oyarekua, A. J. Adesina. Amino acids 
composition of roasted cocoa, cocoa nibs and cocoa shell.Int.J. 
Curr. Res. Che. Pharma.Sci. 2014, Vol. 1 No.9 pp01-11. 



 International Journal of Nutrition and Food Sciences 2015; 4(3): 332-342 342 
 

[15] M. A. Oyarekua, Co-fermentation of cassava/cowpea/carrot to 
produce infant complementary food of 835 improved nutritive 
quality. Asian J. of Clinical nutrition. 2009.vol. 1, No.3 Pp.120-
130 ISSN 1992-1470 

[16] W.A. Sperber, M.A. Moorman, T.A. Freier,Cultural Methods for 
the Enrichment and Isolation of Microorganisms. American 
Journal of Public Health. 2013 

[17] Scientific Program Enterprises (SPE). Computer software Plot 
IT Graphics and statistics.1993, version 2.0 (ICS GmbH, 
Frankfurt). 

[18] A.A. Akindahunsi, G. Oboh, A.A. Oshodi, Effect of fermenting 
cassava with Rhizopusoryzae on the chemical composition of its 
flour and gari. Riv. Ital. Sostanze Grasse, 1999, vol. 76, pp. 
437–440. 

[19] S.A. Odemealan, Chemical composition and functional 
properties of (ConophporTetracarpidium) flour. Int J, Food Sci 
Technol. 2003, vol. 38, pp.729-734. 

[20] A. Mukprasirt, K. Sajjaanantakul, Physico-chemical properties 
of flour and starch from jackfruit seeds 
(Artocarpusheterophyllus Lam.) compared with modified 
starches. Int. J. Food Sci. Tech. 2004, vol. 39, pp 271-276. 

[21] A.U. Osagie, M. Muzguiz, C. Cuadrado, G. Ayet, A. Castano, 
Some antinutritional constituents in ten stable food items grown 
in Nigeria.Tropical Sci (UK). 1986, vol. 36, pp109-115. 

[22] N. Okafor, An integrated bio-system for the disposal of cassava 
wastes, integrated bio-systems in zero emissions applications. In 
Proceedings of the Internet Conference on Integrated Bio-
Systems. 1998. Available: 
http://www.ias.unu.edu/proceedings/icibs. 

[23] O.S Eke, E.N. T. Akobundu, Functional properties of African 
yam bean (Sphenostylisstenocarpa) seed flour as affected by 
processing. Food Chem.1993,vol. 48, pp. 337-340. 

[24] J.E. Kinsella, Functional properties of protein foods. Crit. Rev. 
Sc. Nutr. 1976,vol. 1, pp.219- 229. 

[25] E.I. Adeyeye, M. A. Oyarekua, Co-fermentation of 
cassava/cowpea/carrot to produce infant complementary food of 
835 improved nutritive quality. Asian J. of Clinical 
nutrition.2012, vol. 1, no.3, pp. 120-130. 

[26] M.R.A. Abd El-Moneim, S. E Hossam,  M .A Samiha , A. O 
Azza. Protein Solubility, Digestibility and Fractionation after 
Germination of Sorghum Varieties. Performing your original 
search, effect of fermentation on the functional properties of 
sorghum/mucuna mixture, in PMC will retrieve _ records.  LoS 
One. 2012; 7(2): e31154. Published online 2012 February 3. doi: 
10.1371/journal.pone.0031154. 

[27] World Health Organization. Global Strategy for Infant and 
Young Child Feeding.Doc A55/15 2002 World Health 
Organization Geneva, Switzerland 2002. 

[28] M. A. Oyarekua MA (2012). Effect of germination, boiling and 
co-fermentation on the viscosity of maize/cowpea mixture as 
complementary infant food. Am. J. Food Technol. 2012 vol. 7, 
No.1 Pp. 1-12. 

[29] S.C.I Hardy, R.E. Kleinman. Fat and cholesterol in the diet of 
infants and young children: implications for growth, 
development, and long-term health. J Pediatr(1994. Vol. 125 , 
No.5pt2. Pp. S69-77 

[30] General View Of The Scientific Committee On Food On The 
Long-Term Effects Of The Intake Of Elevated Levels Of 
Phytosterols From Multiple Dietary Sources, With Particular 
Attention To The Effects On -Carotene (Expressed On 26 
September 2002) 

[31] K.F. Michaelsen, C. Hoppe, N. Roos, P. Kaestel, M. Stougaard, 
L. Lauritzen et al. Choice of Foods and Ingredients for 
Moderately Malnourished Children. 2011. Vol. 6 

[32] Food and Nutrition Board: Institute of Medicine. Dietary 
Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty 
Acids, Cholesterol, Protein and Amino Acids (Macronutrients). 
(National Academy Press: Washington, DC, 2002). 

[33] A. Tammi, T. Rόnnemaa, L. Vasta, R. Seppanen, L. Leena Rask-
Nissila, et al. (2001) Miettinen Helena GyllingJormaViikari, 
Meri Anttolainen and Olli Simell, J.Nutr. 2001 Vol. 131, No.7 
pp. 942-1245. 

[34] ISSFAL .International Society for the study of fatty acids and 
lipids. Recommendation for the essential fatty acid requirement 
for infant formulas. 1994 Retrieved Feb 15 2015. Available from: 
http;//www.issfal.org.uk/infantnutr.htm 

[35] C. Moquet, S. Trèche, Viscosity of gruels for infants: A 
comparison of measurement procedures. International Journal of 
Food Sciences andNutrition, 2001,vol.52,pp. 389-400. 

[36] W.W.Woo, L. Warren, Calcium and bone health in infants. 
Neonatal Netw 2003,vol. 5,Pp. 23-27. 

[37] J.L. Rosado, Zinc and copper: proposed fortification levels and 
recommended zinc compounds. J. Nutr. 2003, vol. 133, 
pp.2985S-2989S. 

[38] M.J. Manary, C.A. Hart, M.P.Whyte, Severe hypophosphatemia 
in Children with Kwashiorkor is Associated with Increased 
Mortality. J. Pediatr, 1998, vol. 133, pp.789-91. 

[39] L. Bohn, A.S.  Meyer.  Rasmussen, S.K. Phytate: Impact on 
environment and Human Nutrition: A Challenge for Molecular 
Breeding. J. Zhejiang Univ. Sci.B .2008, vol.9 Pp.165-91. 

[40] L. Davidsson, E.E Ziegler, P. Kastenmayer, P. van Dael, D. 
Barclay. Dephytinization of soy isolate with low phytic acid 
content has limited impact on mineral and trace element 
absorption in healthy infants. Br J Nutr.2004, vol.91, Pp.287–93. 

 

 


