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This study evaluated nutritional and anti-nutritional qualities of raw (RM), 

fermented (FM), and germinated (GM) yellow maize (Zea mays L.) using 

traditional home methods. All analyses were performed according to standard 

procedures. Proximate analysis revealed that germination increased the fiber 

(10.19 g/100 g) and fat contents, whereas fermentation increased the crude 

protein (13.56 g/100 g) and carbohydrate (74.03 g/100 g) contents. Antinutrients 

varied with processing: total phenols decreased from 0.50 % in raw maize (RM) 

to 0.05 % in germinated maize (GM); phytate ranged from 289.87 to 450.56 

mg/100 g; alkaloids ranged from 7.28 to 12.48 %; and tannins ranged from 5.39 

to 9.17 mg/100 g. The total amino acid content was 82.18 (RM), 79.79 (FM), and 

82.33 (GM) g/100 g of crude protein, with valine being the first-limiting amino 

acid. Germination improved protein quality, whereas fermentation reduced the 

presence of certain anti-nutrients and protein content. These findings demonstrate 

that both methods can enhance the nutritional value of maize, thereby supporting 

the development of an improved maize-based diet. 

Keywords: 
Amino acid profile, Anti-nutritional factors, Fermentation, 

Germination, Yellow maize 

 

 

Introduction 

Maize (Zea mays L.) is one of the most widely grown 

grains in Nigeria, serving as an important source of 

starch, and is cultivated extensively worldwide. It 

accounts for about 40 % of the total cereals produced 

across sub-Saharan Africa, Asia, and Latin America [1, 

2]. Approximately 9,000 years ago, maize was first 

cultivated by indigenous people of southern Mexico, 

who gradually domesticated it from a wild grass called 

teosinte and began growing it as a reliable food crop 

that later spread to many regions around the world [3, 

4]. Following European contact with the Americas in 

the 15
th

 and 16
th

 centuries, maize spread quickly 

worldwide and was introduced to Europe, Asia, and 

Africa [5, 6].  

Maize plays a vital role in the production of bioethanol, 

pharmaceuticals, and animal feed [7]. It can be prepared 

as roasted maize, flour-based dishes, or fermented 

products. Dent, Flint, sweet corn, and popcorn are the 

major commercially important maize varieties [8]. 

Kernels contain various phytochemicals as part of their 

nutritional profile, including phytosterols, carotenoids, 

and phenolic compounds [9]. It is rich in carbohydrates, 

fibers, and micronutrients such as B vitamins and 

carotenoids [10]. Fig. 1 shows a yellow maize plant 

with its different parts clearly labeled, including the 

roots, stem, leaves, tassel, silks, and ear, illustrating 

how each part contributes to the plant‟s growth and 

reproduction. Every part of the maize plant holds 

significant value and can be used to produce a wide 

variety of food and non-food products [11]. It also 

contains essential minerals like copper, phosphorus, 

zinc, and magnesium. Potassium, the most abundant 

mineral in maize, is important in the human diet [12]. 
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Figure 1: Image of a yellow maize (Zea mays L.)   

 

 

 
Figure 2: Image of the processing effects 

 

Figure 2 shows how processing yellow maize through 

fermentation and germination improves its nutritional 

quality by increasing protein, energy, fiber, and 

essential amino acids, while reducing harmful 

antinutrients. Like many other cereals, maize contains 

antinutrients: oxalates, phytic acid, trypsin inhibitors, α-

amylase inhibitors, and saponins, which reduce its 

nutritional value, the bioavailability of minerals, and 

digestibility [13]. This hampers nutrient absorption and 

utilization [9, 14]. Excessive intake of raw or 

inadequately processed maize-based diets can lead to 

malnutrition and health-related issues, such as anemia 

and weakened immunity [15]. Germination and 

fermentation are conventional processing methods 

frequently used to overcome the nutritional limitations 

of grains intended for human consumption [16]. 

Processing agricultural products remains the most vital 

aspect of food and nutrition security in the modern 

world. It helps degrade complex compounds, reduce 

antinutrient content, and enhance the bioavailability of 

essential nutrients [16]. 

Fermentation is an economical and simple approach to 

enhancing the nutritional quality of maize-based foods 

by reducing their anti-nutritional factors (ANFs). It is a 

biochemical modification of the primary food matrix 

caused by microorganisms and their enzymes [17]. 

White and yellow maize varieties can be used to 

produce a fermented popular semisolid food called Pap, 

and [18] reported that traditional pap or “ogi” 

fermentation may improve protein and amino acid 

yields. Pap is a low-cost, easily obtainable fermented 

food that contributes to good health across Africa [18]. 

Germination is a biological process [19]. Research has 

shown that germinated cereals and legumes contain 

higher volumes of amino acids and other nutritional and 

functional components, which contribute to overall 

health and help manage metabolic disorders [20]. 

Sprouted grains contain polyphenols that help the body 

defend against oxidative stress and provide antioxidant 

protection against various chronic diseases [21]. 

Despite the known benefits of fermentation and 

germination, there is limited comparative research on 

how these processes affect the antinutrient and food 

properties of yellow maize. This study aimed to assess 

the effects of both methods on the nutritional quality of 

yellow maize. 

 

Materials and Methods 

Sample collection and preparation 

The yellow maize grains that were used in this research 

were obtained at the Lafia Market in Nasarawa State, 

Nigeria. The grains were also handpicked to eliminate 

damaged and undesired materials. The purified maize 

samples were further subdivided into three portions, 

which were based on varied processing methods, 

namely, raw maize (RM), fermented maize (FM), and 

germinated maize (GM). In the case of the raw sample 

(RM), the grains were fully washed using clean water to 

take away all the surface impurities, dried in the open 

atmosphere conditions in the laboratory, and milled into 

flour. The flour was put in airtight containers, and 
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further lab analysis was done. The sample of fermented 

maize (FM) had been made by wetting the grains in 

potable water at room temperature for 72 h. The 

soaking water was changed every 24 h to lessen 

microbial spoilage and simulate domestic activities. 

The grains were washed with clean water after 

fermentation, and dried in a hot-air oven at 60
 o

C. The 

grains were dried and milled afterwards and sieved to 

give the resultant flour. In the case of the germinated 

maize sample (GM), the grains were initially moistened 

in water within 24 h so as to commence the process of 

hydration. The moist jute sacks were used to place the 

soaked grains, which were then left to sprout for a 

period of 72 h. Once sown, the grains were dehulled by 

hand to remove rootlets and outshells, dried in the oven 

at 60
 o

C, ground, and then strained out to make fine 

flour.  

The processing procedures that were employed in this 

research were aimed to be similar to the normal 

household preparation procedures, but at the same time, 

control over the conditions of the process was kept to 

avoid sample contamination. 

 

Proximate composition 

Protein content was measured using the Kjeldahl 

method (N x 6.25). Moisture, fat, and ash contents 

determination was carried out using methods 934.01, 

996.06, and 923.03 of the Association of Official 

Analytical Chemists (AOAC) [22]. 

 

Anti–nutrient content determination  

Methods described by the AOAC [22], as well as Paul 

et al. [23], were used to determine the concentrations of 

oxalate, saponins, alkaloids, flavonoids, tannins, 

cyanide, phytate, and total phenols. 

 

Amino acid analysis 

Ion Exchange Chromatography (IEC), as described by 

Aremu et al. [24, 25] was used to analyze amino acids. 

Each sample was analyzed for 76 min at a gas flow rate 

of 0.50 mL min
-1

 and a temperature of 60 °C, with 

reproducibility within ±3 %. The net height of each 

peak recorded by the TSM, corresponding to individual 

amino acids, was measured and calculated. Amino acid 

content represents the average of two determinations, 

with nor-leucine used as the internal standard. 

Tryptophan was quantified separately following alkali 

(NaOH) hydrolysis using a colorimetric assay. 

 

Determination of quality of dietary protein and 

predicted protein efficiency ratio (P-PER) 

Protein quality was determined by relating the available 

amino acids in the sample to established nutritional 

demands. Amino acid score (AAS) was then estimated 

according to equation 1 [26]; 
AAS = 

 mg of amino acid in 1 g of tested protein

mg of amino acid in 1 g of reference protein
x  100…. (1) 

 

P–PER of the samples was calculated by their amino 

acid composition according to Equation-2 [27] as 

follows: 

P-PER = -0.468 +0.454  Leucine -0.105  Tyrosine ……  2  

 

Statistical analysis 

Analyses were conducted in triplicate, and findings are 

given as mean ± standard deviation.  Mean values, 

standard deviations, and coefficients of variation were 

calculated using Microsoft Excel software. 

 

Results and Discussion 

The proximate compositions of raw (RM), fermented 

(FM), and germinated yellow maize (GM) (Zea mays 

L.) are presented in Table 1. There were significant 

differences among the accessions for all proximate 

parameters. The crude protein content ranged from 8.06 

± 0.05 g/100 g dw (GM), 12.56 ± 0.08 g/100 g dw 

(RM), and 13.56 ± 0. 08 g/100 g dw (FM). These 

results align with those of Adejumo et al. [28]. The 

moisture level in corn seeds is an important measure of 

seed quality and is essential in grain testing [18]. The 

FM (4.41 %) had a lower moisture content than the 

three samples reported by Akinsola et al. [8], but the 

RM (6.61 %) was close to the control value (6.73 %) 

reported by Akinsola et al. [8]. The untreated state 

contributes to a high moisture content, which 

significantly affects seed storage and shelf life [28]. 

GM had the highest fat content (2.76 ± 0.04 g/100 g 

dw), whereas FM had the lowest (1.93 ± 0.04 g/100 g). 

The carbohydrate content varied from 71.99 ± 0.33 

g/100 g dw (GM), 73.58 ± 0.04 g/100 g dw (RM), to 

74.03 ± 0.26 g/100 g dw (FM). These differences 

indicate that the carbohydrate content and storage 

stability of maize are affected by processing methods 

[29, 30]. The fatty acid content ranged from 1.54% 

(FM) to 2.21 % (GM). Germination can increase the 

total lipid yield in grains, as demonstrated by the high 

values recorded in previous studies [31]. This increase 

may be attributed to the production of lipids associated 

with seed growth and the subsequent structural changes 

that occur after the breakdown of other chemical 

constituents [32, 33].  

Enzymes of microbial and endogenous type are actively 

involved in the degradation and remodeling of 

macromolecules. More specifically, the process of 

fermentation by microorganisms is known to process 

lipids as a component of energy-producing processes, 

thus modifying the composition of the substrate [34, 

35]. These biochemical activities, alongside the changes 

in carbohydrate and protein fractions, are implicated by 

the recorded changes in energy value among the 

processed samples. FM had the highest energy content 

(1560.44 kJ/100 g), then the RM at 1543.56 kJ/100 g, 

and the lowest level was 1462.97 kJ/100 g in GM. The 

relatively low energy levels of the germinated sample 

could be explained by the use of the stored reserves 

during the sprouting process. Carbohydrates and lipids 

are mobilized to promote embryonic growth. The ash 

content, giving an index of total mineral matter, had 

only significant differences between the treatments. RM 

was the highest at 2.10 per cent, then GM (1.94 per 

cent) and finally FM (1.89 per cent). The slight change 

that is found upon the processing and especially during 
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the germination process may be linked to the loss of 

minerals through the process of leaching of the minerals 

in the soaking and steeping processes. These results 

correspond to the report by Chauhan et al. [12], who 

found that the ash content of blue maize decreased 

during the 72 h germination period, with a reduction in 

the content of the raw maize of 2.23 percent to a range 

of 1.90 percent. Similarly, Agblemanyo and Abrokwah 

[36] recorded a relatively low ash content (1.64 %) in 

the fermented yellow maize, which further supports the 

fact of variability that can be attributed to genotype and 

processing environments. Anti-nutritional factors, 

whether naturally occurring or synthetic, can hinder 

nutrient absorption, impair digestion and utilization, 

and lead to negative effects [36].  

 

 

Table 1: Proximate composition (%) of raw, fermented, and germinated yellow maize (Zea mays L.) 

Parameters 

(%) 

Raw yellow  

Maize (RM) 

Fermented yellow  

maize (FM) 

Germinated yellow  

maize (GM) 
Mean SD CV% 

Crude Protein 12.56 ± 0.08 13.56 ± 0.08 8.06 ± 0.05 11.39 2.93 25.72 

Fat 2.14 ± 0.06 1.93 ± 0.04 2.76 ± 0.04 2.28 0.43 18.95 

Ash 2.10 ± 0.06 1.89 ± 0.01 1.94 ± 0.01 1.98 0.11 5.56 

Crude Fibre 3.03 ± 0.04 4.20 ± 0.13 10.19 ± 0.18 5.81 3.84 66.08 

Moisture 6.61 ± 0.08 4.41 ± 0.07 5.24 ± 0.07 5.42 1.11 20.48 

Carbohydrate 73.58 ± 0.04 74.03 ± 0.26 71.99 ± 0.33 73.20 1.07 1.46 

Fatty Acids 1.71 ± 0.06 1.54 ± 0.04 2.21 ± 0.04 1.82 0.35 19.10 

Energy (kg/100 g) 1543.56 ± 4.31 1560.44 ± 4.46 1462.97 ± 3.38 1522.32 5.09 3.42 

All values are expressed as mean standard deviation of three determinations on a dry weight basis 

SD = Standard Deviation; CV = Coefficient of Variance 

 

 

Table 2: Antinutritional factors of raw, fermented, and germinated yellow maize (Zea mays L.) 

Parameter 

 

Raw yellow  

maize (RM) 

Fermented 

yellow maize (FM) 

Germinated 

yellow maize (GM) 
mean SD CV (%) 

Oxalate (%) 1.32 ± 0.01 0.36 ± 0.01 1.77 ± 0.02 1.15 0.72 62.52 

Saponins (%) 0.33 ± 0.02 0.20 ± 0.00 0.39 ± 0.01 0.31 0.10 31.63 

Alkaloids (%)  7.28 ± 0.08 12.48 ± 0.03 9.68 ± 0.03 9.81 2.60 26.50 

Flavonoids (%) 5.59 ± 0.20 10.39 ± 0.09 8.66 ± 0.16 8.21 2.43 29.60 

Tannins (mg/100 g) 8.38 ± 0.09 5.39 ± 0.04 9.17 ± 0.25 7.65 1.99 26.01 

Cyanide (mg/100 g) 0.79 ± 0.02 0.04 ± 0.01 0.18 ± 0.01 0.34 0.40 117.65 

Phytate (mg/100 g) 289.87 ± 0.80 450.56 ± 0.63 350.3 5 ± 0.21 363.59 81.17 22.32 

Total Phenol (%) 0.50 ± 0.01 0.14 ± 0.03 0.05 ± 0.00 0.08 0.05 65.00 

SD = Standard Deviation; CV = Coefficient of Variance 

 

 

Table 2 presents the anti-nutritional factors of raw, 

fermented, and germinated yellow maize (Zea mays L.). 

The composition of anti-nutrients varied significantly 

among the accessions. Phytate recorded the highest 

concentration across the three samples, ranging from 

289.87 ± 0.80, 350.35 ± 0.21, and 450.56 ± 63 (mg/100 

g) for the raw, germinated, and fermented maize 

samples, respectively. Grains store phosphorus as 

phytic acid. Its presence may influence the 

bioavailability of minerals and the solubility, 

functionality, and digestibility of proteins and 

carbohydrates [36, 37]. Phytic acid is most concentrated 

in the bran of grains [37]. The higher phytate content in 

fermented maize results from dry matter loss during 

microbial activity [12]. The phytate content of the three 

accessions was much lower than that reported for white 

and yellow corn by Marfo et al. [38] and much lower 

than that reported by Sokrab et al. [39] for 2 d of 

germination of the sample maize used, but within the 

range of values after the third day of germination. 

Fermented maize recorded the highest alkaloid (12.48 

%) and flavonoid (10.39 %) content, followed by 

germinated maize (9.68 and 8.66 %, respectively), and 

raw maize with the lowest values (7.28 and 5.59 %, 

respectively). Saponins were among the lowest anti-

nutritional components recorded in the three accessions. 

Values ranged from 0.20 ± 0.00, 33 ± 0.02, and 39 ± 

0.01 percent. At high levels, saponins are toxic and can 

interfere with nutrient uptake by enzyme inhibition and 

nutrient binding, such as with zinc. However, in the 

presence of cholesterol, they demonstrate potent 

cholesterol-lowering effects [40]. They can also lead to 

hypoglycemia, impair protein digestion, vitamin and 

mineral uptake in the gut, and the development of a 

leaky gut [41]. The lower values recorded for the total 

phenol content are a result of the reduction in phenolic 

compounds during germination, and the value of 

fermented maize is attributed to enzymatic degradation 

and metabolism, which break down phenolics as 

substrates for growth and energy [15].  

Table 3 shows significant differences in amino acid 

content among the three samples. The most abundant 
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amino acid in the samples was glutamic acid, with 

15.36 (FM), 13.02 (GM), and 12.34 (RM) g/100 g, 

followed by leucine, with 12.61 (GM), 10.42 (RM), and 

2.39 (FM) g/100 g. Tryptophan was the least prevalent 

amino acid across the three accessions, with 

concentrations of 0.63 g/100 g (GM), 0.74 g/100 g 

(FM), and 1.05 g/100 g (RM). Tryptophan is involved 

in melatonin synthesis, often called the „sleep 

hormone.” Its impact on the human body is significant 

[42]. Wyatt et al. conducted a study in which volunteers 

with insomnia received a tryptophan supplement before 

bed for 10 consecutive nights [43]. Compared to 

placebo, these individuals experienced longer sleep 

duration and felt more refreshed in the morning. In one 

of the studies by Smith et al. [44] reported that bipolar 

patients who received supplementation with this amino 

acid had fewer relapses, whereas women on a 

tryptophan-deficient diet showed a notable rise in 

depressive symptoms. The decline in value of 

germinated corn is due to its use during seedling 

growth, while microbial metabolism is responsible for 

the lower value of fermented corn [12]. The processing 

of cereals is a known factor that significantly affects the 

amino acid profile; fermentation often reduces specific 

essential amino acids, depending on the duration and 

microbial activity [12, 16].  

These results align with the FAO data summary [11], 

which also reports relatively higher leucine values than 

those of other essential amino acids. Similarly, Victor 

and Ogumba [45] reported leucine as the most abundant 

essential amino acid, with values ranging from 7.13–

7.44 g/100 g of crude protein. Egbedike et al. [46] 

reported a similar value for leucine, 7.26 to 7.55 g/100 

g crude protein, as the highest essential amino acid. 

Even though leucine values found in the present paper 

are less than those of GM in certain past studies, the 

general trend is the same, as leucine is predominant 

among essential amino acids in maize, as has been 

established. Aspartic acid was second only to glutamic 

acid in the samples analyzed of the non-essential amino 

acids. The values obtained were 5.92 g/100 g crude 

protein in FM, 6.27 g/100 g crude protein in GM, and 

8.84 g/100 g crude protein in RM. The amino acids in 

non-treated grains are largely in their native form, 

which could be the reason why the amount of aspartic 

acid was rather high. Lysine is an essential amino acid 

commonly thought to be limiting in cereal-based diets 

and plays a very important role in human nutrition. It 

participates in protein synthesis, helps to maintain the 

immune system, and promotes calcium absorption by 

helping to increase the effect of vitamin D, thus 

benefiting bone and dental health. The RM, FM, and 

GM contained 4.14, 3.74, and 3.45 g/100 g lysine, 

respectively. Research indicates that lysine can 

influence behavioral functions. A study conducted in 

Japan by Smriga et al. [47] offered the women 2.64 g of 

lysine daily for one week and assessed their behavior 

prior to the treatment and after the treatment. The 

findings indicated that there was a great decrease in 

anxiety and reduced levels of stress hormones, which 

implies that a deficiency encourages negative moods.   

 

 

Table 3: Amino acid profile of raw, fermented, and germinated yellow maize (Zea mays L.) 

Parameters 
Raw yellow  

maize (RM) 

Fermented  

yellow maize (FM) 

Germinated  

yellow maize (GM) 
Mean SD C V (%) 

Leucine* 10.42 2.39 12.61 8.47 5.38 63.52 

Lysine*       4.14 3.74 3.45 3.78 0.35 9.26 

Isoleucine*    3.27 3.50 3.21 3.33 0.15 4.59 

Phenylalanine*    4.52 4.88 4.52 4.64 0.21 4.48 

Tryptophan*       1.05 0.74 0.63 0.81 0.22 26.91 

Valine*      3.80 4.30 3.89 4.00 0.27 6.75 

Methionine*    1.23 1.42 1.31 1.32 0.10 7.20 

Proline*       4.16 7.31 6.09 5.85 1.59 27.18 

Arginine 6.19 5.33 4.73 5.42 0.73 13.54 

Tyrosine 3.44 3,61 3.27 3.44 0.17 4.94 

Histidine*        2.36 3.32 2.81 2.83 0.48 16.96 

Cystine 1.27 1.57 1.27 1.37 0,17 12.63 

Alanine 4.09 5.16 4.82 4.69 0.55 11.67 

Glutamic acid 12.34 15.36 13.02 13.57 1.58 11.65 

Glycine 3.42 3.51 3.16 3.36 0.18 5.42 

Threonine*          4.02 3.44 3.11 3.52 0.46 13.07 

Serine 3.62 4.29 4.16 4.02 0.36 8.96 

Aspartic acid 8.84 5.92 6.27 7.01 1.59 22.68 

P-PER 3.90 0.24 4.91 3.02 2.46 81.46 

Leucine/Isoleucine 3.19 0.68 3.93 2.60 1.70 65.38 

pIm 4.81 4.53 4.78 4.71 0.15 3.18 

* = Essential amino acid 
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Table 4: Concentration of essential, non-essential, acidic, neutral, sulphur, aromatic etc. of raw, fermented, 

and germinated yellow maize (Zea mays L.) 

Parameter 
Raw yellow  

maize (RM) 

Fermented  

yellow maize (FM) 

Germinated  

yellow maize (GM) 
Mean SD CV (%) 

TAA 82.18 79.79 82.33 81.43 1.43 1.75 

TNEAA 43.21 44.75 40.70 42.89 2.05 4.77 

% TNEAA 52.58 56.68 49.44 52.70 3.32 6.30 

TEAA with Histidine 38.97 35.04 41.63 38.55 3.32 8.61 

TEAA without Histidine 36.31 31.72 38.82 35.72 3.63 10.16 

% TEAA with Histidine 47.42 43.92 50.56 47.30 3.32 7.02 

% TEAA without Histidine 44.55 39.75 47.15 43.82 3.75 8.56 

EAAA 21.51 13.63 22.82 19.32 4.97 25.93 

EArAA 4.52 4.88 4.52 4.64 0.21 4.48 

TNAA 48.31 46.12 52.05 48.83 3.00 6.14 

% TNAA 58.79 57.80 63.22 59.94 2.89 4.81 

TAAA 21.18 21.28 19.29 20.58 1.12 5.45 

% TAAA 25.77 26.67 23.43 25.29 1.67 6.61 

TBAA 12.69 12.39 10.99 12.02 0.91 7.55 

TSAA 2.50 2.99 2.58 2.69 0.26 9.78 

% Cystine in TSAA 50.80 52.51 49.22 50.84 1.65 3.24 
EAAA- Essential Aliphatic Amino Acid, EArAA-Essential Aromatic Amino Acid, TNAA- Total Neutral Amino Acid, 

TAAA- Total Acidic Amino Acid, TBAA- Total Basic Amino Acid, TSAA- Total Sulphur Amino Acid, 

TAA – Total Amino Acid, TNEAA- Total Non-Essential Amino Acid, TEAA-Total Essential Amino Acid 

 

 

Table 4 presents the different amino acid classes 

identified in the RM, FM, and GM samples. The Total 

Amino Acid (TAA) values were 82.18 (RM), 79.79 

(FM), and 82.33 (GM). No significant differences 

(P>0.05) were observed in the following classes of 

amino acids identified in raw, fermented, and 

germinated yellow maize: TAA, TNEAA, EArAA, 

%TNAA, TAAA, %TAAA, TBAA, TSAA, and 

%Cystine in TSAA. A significant difference (p < 0.05) 

was observed in the following parameters: %TNEAA, 

TEAA (with and without histidine), %TEAA (with and 

without histidine), EAAA, and TNAA. The slight 

increase in TAA in GM is attributed to the activation of 

proteolytic enzymes during germination, which break 

down storage proteins into free amino acids [48]. The 

FM reflects the utilization of amino acids as nitrogen 

sources, which can lead to partial reduction during 

fermentation [49].  

Table 5 presents the essential amino acid (EAA) scores 

of the maize samples calculated using the FAO/WHO 

provisional amino acid scoring pattern [50]. The amino 

acid scoring pattern observed in this study suggests that 

fortification with selected essential amino acids would 

be necessary to achieve a more balanced protein profile. 

Specifically, isoleucine (Ile), lysine (Lys), the sulphur 

bearing amino acids (methionine + cysteine; Met + 

Cys), as well as valine (Val) were constantly lower than 

the requirements in the processed and unprocessed 

samples. This implies that regardless of the mode of 

treatment, these amino acids are important limitations 

to the entire protein quality.  

 

 

Table 5: Amino acid scores of raw, fermented, and germinated yellow maize (Zea mays L.) 

EAA 

PAAESP 

(g/100 g) 

Protein 

Raw yellow 

maize (RM) 

Fermented  

yellow maize (FM) 

Germinated 

yellow maize (GM) 

EAAC EAAS EAAC EAAS EAAC EAAS 

Isoleucine 4.0 3.27 0.82 3.50 0.88 3.21 0.80 

Leucine 7.0 10.42 1.49 2.39 0.34 12.61 1.80 

Lysine 5.0 4.14 0.83 3.74 0.75 3.45 0.69 

Methionine + Cystine(TSAA) 3.5 2.50 0.71 2.99 0.85 2.58 0.74 

Phenylalanine + Tyrosine 6.0 7.96 1.33 8.49 1.42 7.79 1.30 

Threonine 4.0 4.02 1.01 3.44 0.86 3.11 0.78 

Trythophan 1.0 1.05 1.05 0.74 0.74 0.63 0.63 

Valine 5.0 3.80 0.76 4.30 0.86 3.89 0.78 

TOTAL 35.5 37.16 8.00 29.59 6.70 37.27 7.52 
EAAC = Essential Amino Acid Composition; AAS = Amino Acid Score; EAA =Essential Amino Acid; 

PAAESP = Provisional Amino Acid (Egg) Scoring Pattern 
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A further analysis of the limiting amino acids indicated 

that there was a bit of a difference between the 

treatments. Ile, Lys, Met + Cys, and Val were found to 

be limiting in the raw maize. In case of the fermented 

maize, the list was a little more extended and included 

Ile, leucine (Leu), Lys, Met + Cys, threonine (Thr), 

tryptophan (Try), and Val. Ile, Lys, Met + Cys, Thr, 

Try, and Val were limiting in the germinated maize. 

The appearance of other restrictive amino acids in the 

processed samples can be due to biochemical changes 

that happen during fermentation and germination, such 

as degradation of amino acids, microorganism use, or 

reallocation of amino acids in proteins. Despite these 

restrictions, the rest of the necessary amino acids in all 

the samples met the provisional reference pattern of the 

FAO/WHO. This observation implies that although 

processing did change the proportions of some of the 

indispensable amino acids relative to each other, it did 

not detract from the overall sufficiency of most of the 

essential amino acids. This would therefore mean that 

focused supplementation instead of wholesale 

reformulation would be required to improve the 

biological value of the maize protein. 

 

Conclusion 

The results of the research indicate that the processing 

methods used had quantifiable influence on the 

proximate composition and amino acid composition of 

yellow maize. There were significant differences 

between the raw, fermented, and germinated samples, 

showing that the changes can be important in the 

nutritional quality that is biochemically modified during 

processing. Germination was correlated with an overall 

increase in the total amino acid content and a relative 

increase in the quality of the protein. This effect can be 

related to enzyme activity in sprouting, as this 

stimulates the mobilization and partial hydrolysis of 

storage proteins and therefore makes more amino acids 

available. By comparison, fermentation led to apparent 

changes in amino acid distribution with increased 

concentrations of some non-essential amino acids 

(NEAAs). This can probably be explained by the 

occurrence of microbial metabolism and proteolytic 

activity during the fermentation process. 

However, out of the methods of processing that were 

considered, germination seems to be particularly 

promising as the method of enhancing the protein 

content of maize that could be used by humans in its 

natural form, and could be made relatively cheap. 
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