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Abstract
Maize is considered as an important annual cereal crop cultivated 
widely throughout the world. Blue Maize (Zea mays L.) is a blue-colored 
variety of maize containing high content of anthocyanin and belongs  
to the family Poaceae. The current study aimed to evaluate the effect of 
soaking, germination, natural fermentation, and roasting on nutritional, 
anti-nutritional, and bioactive components of blue maize. The changes 
in chemical composition were studied after 12 and 24 h of soaking and 
24, 48, and 72 h of germination treatment. The blue maize grains were 
subjected to natural fermentation for time intervals of 12, 24, and 36 h, 
and roasting treatment by heating at 180 °C on a hot plate for 10 s. The 
results revealed that the phenolic content increased significantly (p≤0.05) 
from 44.88 to 51.56 mg GAE/100g after 36 h fermentation and from 44.88  
to 61.05 mg GAE/100g after 72 h of germination whereas it decreased from 
44.88 to 35.73 mg GAE/100g during the roasting process. Further, there 
was a 44.02 and 20.22% increase in protein content during germination 
and fermentation processes, respectively, and a slight decrease of 2.16% 
after roasting treatment. The antioxidant activity increased significantly 
(p≤0.05) from 10.41 to 18.85% during germination and 10.41 to 14.50% 
during fermentation, respectively. But it was found to get decreased by 
6.53% after the roasting process. The anti-nutrients such as phytic acid and 
tannins declined significantly (p≤0.05) during the processing treatments. 
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Phytic acid decreased to the extent of 63.57, 55.99, and 27%, and tannin 
contents as 62.5, 50, and 41.66%, after germination, fermentation, and 
roasting processes, respectively. There was a significant (p≤0.05) increase 
in mineral contents after all processing treatments of blue maize.

Introduction
Maize or corn (Zea mays L.) is a leading crop of 
the world belonging to the family Poaceae. It is 
generally known as a staple food crop in various 
parts of the world as well as the third prominent 
crop of the world after rice and wheat.1 Due to 
its higher yield among the cereals, it is globally 
known as the ‘queen of cereals’. The United States  
of America (USA) is considered the major producer 
of maize and is contributing to about 35% of the total 
production of maize around the world. It is termed 
as the mother grain of the United States of America 
and it contributes a major role in driving the economy  
of the country.2 It is widely processed into numerous 
types of food products, and ingredients such as 
starch, cornmeal, grits, tortillas, flour, snacks, and 
breakfast cereals. Corn flour is commonly utilized 
to make chapattis or flatbread which is consumed 
mostly in the northern parts of India and around 
the Mediterranean.3 There is increased attention 
of food scientists towards the therapeutic benefits 
of nutraceuticals or the phytochemical compounds 
present in maize4 as well as the pigmented 
materials having sufficient anthocyanin contents. 
The antioxidant properties of various flavonoids, 
including anthocyanins and their advantageous 
effects on human health, are being studied.5 

Pigmented maize i.e. purple, blue, and red maize are 
rich in anthocyanin and have been found to prevent 
colorectal carcinogenesis in male rats due to its high 
antioxidant potential and possesses anti-mutagenic 
and radical scavenging activities.6 These bioactivities 
are linked with anthocyanin components present in 
these crops.7 Blue maize (Zea mays L.) due to its 
high nutraceutical properties, is of great concern to 
various food scientists working on nutraceutical and 
functional foods. It has been reported to have high 
levels of phytochemicals and nutraceutical activity.8 
Besides its nutritional characteristics, it has been 
reported to contain various anti-nutrients such as 
tannins and phytic acid which bind with various 
nutrients making them unavailable to our body.9 
Traditional processing treatments like soaking, 

fermenting, germinating, and roasting have been 
utilized for improving the nutritional value of the 
cereals and pulses.10 The germination process  
is widely used in cereals and legumes for increasing 
the nutritive value mainly through the breakdown of 
anti-nutritional components.11 Processing techniques 
responsible for decreasing the anti-nutritional factors 
as well as minimizing the losses of micronutrients 
are of great interest to scientists. The thermal 
and biological processing treatments have the 
potential to increase the availability of nutrients 
in foods10 Processing techniques like soaking, 
germination, fermentation and roasting lead to a 
decline in anti-nutrients such as phytic acid and 
increase the solubility of minerals in foods resulting 
in an improved bioavailability of mineral contents in 
legumes and cereals. 

The study is aimed at investigating the changes in 
nutritional, anti-nutritional, and bioactive components 
af ter soaking, germinat ion, fermentat ion,  
and roasting treatments of blue maize.

Materials and Methods
Materials
The blue maize used in the present investigation 
was obtained from the experimental farms of Eternal 
University, Baru Sahib, Sirmour, HP. The chemicals 
used were of ultrapure grade and purchased from 
standard manufacturers such as BDH chemicals, 
Qualigens, Merck India, Hi-Media, and Sigma.

Physico-Chemical Evaluation
Physico-chemical evaluation of raw maize, and that 
of the soaked, germinated, roasted, and fermented 
ones, was done at laboratories of the Department 
of Food Technology, Eternal University, Sirmour, 
Himachal Pradesh, India. 

Physical parameter like a thousand-grain weight 
was estimated as per the methods of AACC12 and 
expressed as the weight of thousand grains in gram. 
Length, breadth, and thickness were measured 
with a Vernier caliper and expressed in mm.  
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The functional characteristic such as bulk density 
and tap density was assessed as per the method 
described by Huang et al.,13 and Jones et al.,14 
respectively. For bulk density, the grains were poured 
in a vessel of known volume, from a constant height. 
The mass of the sample occupying that volume was 
determined and bulk density was calculated as the 
ratio of mass with volume and expressed as g/ml.  
For tap density, the volume of 10 g grains was 
measured with a measuring cylinder (250 ml).  
The tap density was determined by tapping the 
graduated cylinder containing the sample until a 
further change in the volume of the sample was 
observed.

Similarly, the water absorption capacity and 
oil absorption capacity were estimated as per 
the method given by Sosulski and Slinkard15 
respectively. For oil and water absorption capacity 
one g of sample for each treatment were weighed 
into a centrifuge tube and 10 ml of distilled water 
(water absorption capacity) or refined soybean oil 
(oil absorption capacity) was added. The contents 
of the centrifuge tubes were stirred for 30 s,  
with a glass rod. The suspension was kept for 30 min 
and the tube was then subjected to centrifugation 
at 2000 rpm for 10 min. The water or oil left after 
centrifugation was decanted and the amount  
of water or oil absorbed was calculated as the ratio 
of the volume of water or oil retained and weight of 
the sample and expressed as ml/g.
 
Moisture content was estimated as per the hot 
air-oven drying method of AOAC.16 The crude fiber 
content (%) was accessed using the instrument 
Fibroplus, model FBS 08P (Pelican), crude protein 
contents (%) by the instrument Kjeloplus Kjelodist 
model CAS VA (Pelican), crude fat contents by 
instrument Soxoplus (%), model SPS 06 AS  
(Pelican Inc.), and ash contents (%) as per the 
method suggested by Ranganna.17 The total 
carbohydrates (%) were determined by difference 
and calculated by deducting the total of crude fat, 
protein, ash content, crude fiber, and moisture 
content from 100. The calorific value (kcal/100g) 
was determined by multiplying the contents of 
fats, crude protein (N × 6.25), and carbohydrates  
with the Atwater factors of 9.10, 4.0, and 4.2 kcal/g 
for each component, respectively (WHO, 1973). 
Mineral contents such as manganese, copper, zinc, 

and iron were estimated as per AOAC16 using the 
instrument Atomic Absorption Spectrometer, model 
AA240FS (Agilent Technology, CA, USA). 

Anthocyanin contents were estimated by adopting 
the pH differential method as given by Abdel-Aal 
et al.18 The anthocyanin levels were expressed 
as mg of cyanidin 3-glucoside equivalents 
(CGE) per 100 g of sample. The antioxidant 
activity was estimated by measuring the DPPH 
(1,1-diphenyl-2- picrylhydrazyl) radical-scavenging 
effect as per the method described by Bouaziz et al.19  
and expressed as DPPH radical scavenging activity 
(% inhibition) and tannins (%) were accessed as 
per the method standardized by Saxena et al.20 

by using Folin-Denis reagent and measuring the 
absorbance at 700 nm using a spectrophotometer.  
The extraction and quantification of phytic acid  
in the biofortified wheat derivatives was evaluated 
by Gao et al.,21 by extraction of phytic acid in 0.2 N 
HCl buffer and further mixing with Wade reagent 
(0.03% FeCl3.6H2O + 0.3% sulfosalicylic acid).  
The standard curve was prepared using sodium 
phytate and absorbance of color reaction products 
for both samples and standards were read at 500 
nm on a UV-Vis spectrophotometer (Labtronics).  
Total phenolic contents (mg GAE/100g) were 
estimated using Folin-Ciocalteu reagent as per the 
method of Ainsworth and Gillespie22 by detecting 
the absorbance at 765 nm and total phenolic 
contents were determined from the linear equation of  
a standard curve prepared with gallic acid.

Processing Treatments
The soaking and germination of grains were done 
as per the method used by Egli et al..23 The grains 
of blue maize were cleaned manually to remove 
foreign objects and soaked in distilled water in the 
ratio of 1:5. Soaking was done for 12 and 24 h at 
room temperature and oven-drying at 40° C for  
24 h. Soaked grains were packed and stored 
at 4°C for further analysis. For germination,  
the grains of blue maize were soaked and subjected 
to germination treatment by dividing into several 
groups according to different germination treatments. 
The 30g seeds in each treatment were cleaned and 
steeped in 120 ml water in a beaker covered with 
muslin cloth for 16 h in dark at ambient conditions. 
The steeped seeds were drained off and were 
covered with moist muslin cloth for germination. 
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Germination was carried out in an incubator at 24, 
48, and 72 h at 25° C. The seeds were sprinkled 
periodically with water to keep the muslin cloth 
wet. Seeds germinated after each treatment were 
dried at 40° C in the oven for 24 h. Germinated and 
dried grains were packed and stored at 4° C in tight 
sealable packets until further analysis.

The blue maize seeds were subjected to roasting 
treatment by heating at 180°C on a hot plate for 
10 s. The seeds were cooled and converted to fine 
flour by a kitchen grinder (Sujata, Powermatic Plus)  
at high speed to get the flour. The flour obtained 
was sieved through a 60-mesh stainless steel sieve, 
packed in an airtight container, and stored at 4 °C24  
till further analysis.

For the fermentation treatment process, a 100 g 
sample (flour) of blue maize was immersed in 300 
ml of distilled water without washing and allowed to 
undergo the fermentation process in an incubator at 
a temperature of 37 °C for 72 h. The fermentation 
process was accomplished by the microorganisms 
naturally present in maize flour. The sample was 
agitated and mixed well at an interval of 12 h and 
the process was terminated at different time intervals 
i.e. 12, 24, and 36 h.  The samples collected at each 
period were oven-dried at 50 °C for about 8 h until 
a constant weight was obtained. The dried samples 
were ground in a blender, and sieved by passing 
through a 60-mesh stainless steel sieve, packed 
airtight in polypropylene bags, and stored at 4 °C 
until used for analysis.25

Statistical Analysis
The data obtained during the study were evaluated 
using one-way analysis of variance (ANOVA) using 
IBM SPSS Statistics 26 software. Values in tables 
were expressed as mean ± Standard Deviation 
and the differences in variables were considered 
significant at the level of p≤0.05 according  
to Duncan’s LSD post hoc analysis.

Results and Discussion
The blue maize after processing treatments was 
subjected to physicochemical analysis. The results of 
analytical studies carried out on raw and processed 
grains are discussed under the following headings.

Nutritional, Functional, Anti-Nutritional, and 
Bioactive Components of Raw Blue Maize
The grains of blue maize were subjected to 
physicochemical analysis and data about nutritional, 
bioactive, and anti-nutritional components is 
presented in Table 1 and Figure 1. The physical and 
functional characteristics of raw maize are presented 
in Figure 1. The data shows that the length, width, 
and thickness of grains were 7.03, 6.97, and 3.77 
mm, respectively. The thousand kernel weight of 
grains was found as 123.63 g. whereas, the bulk and 
tap density of grains were reported as 0.93 and 1.03 
g/ml, respectively. Chaparro Acuña et al.26 reported 
the bulk density of blue maize seeds as 0.92 g/ml.  
The value for water absorption capacity was found as 
1.30 ml/g whereas that for the oil absorption capacity 
was 1.18 ml/g. The swelling capacity of maize grains 
was estimated as 46.37%.

Fig. 1: Physical and functional characteristics of raw grains of blue maize
(a)- T-Thickness (mm), W-Width (mm), L-Length (mm), BD-Bulk density (g/ml), TD-Tap density 

(g/ml), WAC- Water absorption Capacity (%),  OAC-Oil absorption capacity (%)
(b) TGW-Thousand-grain weight, SC-Swelling capacity (%)
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Blue maize was found to be a rich source of nutritional 
components. It contains 12.52% of moisture, 7.86% 
of crude proteins, 4.37% of crude fat, 2.33% ash 
content, and 67.46% of carbohydrates.  Sagbo 
et al.27 reported that the moisture, fat, and ash 
contents ranged from 6.09-11.57%, 2.87-12.54%, 
and from 1.09-5.46%, respectively. Blue maize 
was found a rich source of bioactive constituents 
such as polyphenolic and anthocyanin components.  
It contained 44.88 mg GAE/100g of polyphenolic 
components. Whereas, the level of anthocyanin 
content as reported in blue maize was 543.97 mg 
CGE/kg (Cyanidin 3-glucoside equivalent/100g). 
Lopez-Martinez et al.28 found that anthocyanin 

contents of different types of maize grains ranged 
between 93–851 mg CGE/100g in purple maize, 
76–120 mg CGE/100g  in black maize, and 85–154 
mg CGE/100g  in red phenotypes of pigmented 
maize. Due to its high polyphenolic and anthocyanin 
contents, blue maize was found to have high 
antioxidant activity of 10.41%. Anti-nutritional factors 
responsible for chelating minerals and making them 
unavailable to our body such as tannin and phytic 
content were reported as 0.24 mg/g and 1.51 mg/g, 
respectively. The mineral contents such as Cu, Mn, 
Fe, and Zn have been found as 1.44, 0.64, 3.60, and 
0.64 ppm, respectively.

Fig. 2: Raw, germinated and roasted blue maize
(a) Raw blue maize (b) Germinated blue maize (c) Roasted blue maize

Effect of Processing Treatments on Nutritional 
and Anti-Nutritional Components of Blue Maize
Nutritional Characteristics
The changes in physicochemical characteristics  
of blue maize were observed after soaking for 12 and 
24 h; germination for 24, 48, and 72 h; fermentation 
for 12, 24 h, and 36 h and roasting treatment and 
results obtained are presented in Table 1. There 
was a significant (p≤0.05) decrease in moisture as 
well as the fat content of blue maize after soaking 
and germination treatments. The moisture and fat 
contents decreased from 12.52 to 11.06 and 4.37 to 
3.85%, respectively in grains subjected to soaking 
as well as germination treatments and further drying 
in a hot air oven. There was a 7.34 % decrease 
in moisture content in samples germinated for  
72 h. Ghavidel and Prakash29 reported a significant 
reduction in the fat content of some legumes after 
36 h of germination treatment.

The moisture content of fermented grains decreased 
significantly (p≤0.05) from 12.52% to 11.59%.  

There was a slight (0.93%) but non-significant 
decrease in moisture content during the fermentation 
process. The fat contents of blue maize decreased 
from 4.37 to 4.26% during the fermentation process 
resulting in a 2.51% decrease in fat content during 
the fermentation process. Afify et al.30 reported 
a decline in fat content of maize after 36 h of 
fermentation and associated it with higher lipolytic 
activity during the germination process, which 
hydrolyzed the fat components and provided the 
essential energy for growth activities in seed.31,32 

In the roasting process, a significant (p≤0.05) 
reduction in the moisture content was observed 
and values decreased from 12.52% to 5.83% 
resulting in a 53.43% decrease in the moisture 
content of roasted blue maize. Whereas, the values  
for the fat content of roasted grains increased from 
4.37% to 5.17%. There was an 18.3% increase 
in the fat content of blue maize samples. Oboh  
et al.33 reported an 18.19% increase in fat content 
in yellow maize grains during the roasting process. 
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The increase in the crude fat content during 
roasting might be connected with the heat-induced 
breakdown of the bonds existing between the fat as 
well as the matrix of the maize, resulting in effective 
release or mobilization of the oil reserve in the maize 
grains after roasting treatment.

There was a significant (p≤0.05) rise in the fiber 
content of blue maize and values increased from 
5.47 to 6.94% during soaking and germination 
treatments. There was a 26.8 % increase in fiber 
content during germination for 72 h. Mlakar et al.34 
reported an 18.75% increase in crude fiber contents 
during germination treatment of amaranth grains.  
It has also been found to be associated with the loss 
of dry matter due to enzymatic hydrolysis of starch 
resulting in the increase of the cellular structures 
like lignin, cellulose, and hemicelluloses during 
the germination.35,36 In the case of fermentation 
processing treatment, the values for fiber content 
decreased significantly (p≤0.05) from 5.47 % to 
5.25% after fermentation for 36 h. 

There was a 4.02% decrease in fiber content during 
the fermentation of blue maize for 36 h. During 
the roasting process, crude fiber content reduced 
significantly (p≤0.05) from 5.47% to 4.97% resulting 
in a 9.14% decrease in the fiber content of roasted 
blue maize. Oboh et al.33 reported a 13.69% decrease 
in crude fiber content in roasted maize grains and 
attributed it to the structural changes in the cell wall 
of germinated grains. The increased temperature 
during roasting may lead to the rupture of weak 
bonds amongst polysaccharide chains as well as 
glycosidic linkages in the fiber. A loose association 
between fiber molecules and depolymerization 
of the fibers resulted in the solubilization and hence 
decrease in crude fiber contents after the roasting 
process.

The ash content of grains declined significantly 
(p≤0.05) during the germination process and values 
decreased from 2.33% to 1.90% contributing to an 
18.4% decrease in ash content. But the values for 
proteins got increased significantly (p≤0.05) from 
7.86% to 11.35% during germination of blue maize 
grains for 72 h. There was a 44.40% enhancement in 
protein content after 72 h of germination. Ugwuona et 
al.37 and Nwosu et al.38 reported a significant (p≤0.05) 
increase in proteins in germinated soybean flour.  
In the case of fermentation, a non-significant 

(p≤0.05) decrease in ash content was observed 
and values decreased from 2.33 to 2.18%. Protein 
contents enhanced significantly (p≤0.05) from 7.86 
to 9.45% in maize resulting in a 20.22% increase 
in protein contents in maize after the fermentation 
process. The significant increase in the protein 
content after the fermentation process has been 
credited to the upsurge in nitrogen content which 
gets released when the microorganisms utilized the 
carbohydrate contents for energy.39 A progressive 
increase in amino acids was observed by Brunetto 
et al.40 during fermentation of Criollo cocoa beans 
resulting in increasing the protein content of beans. 
Similar results were observed by Pranoto et al.41 

during the natural fermentation of sorghum flour.  
In roasting, there was a slight increase in ash 
content, and values increased from 2.33% to 2.51% 
in roasted grains. Oboh et al.33 reported that roasting 
did not cause a significant change in the ash content 
(1.93-2.00%) during the roasting of white maize flour.

The carbohydrate content of blue maize decreased 
from 67.33% to 64.90% during germination for 72 
h resulting in a slight (3.61%) but non-significant 
decrease in carbohydrate contents. Germination 
facilitated the conversion of complex carbohydrate 
components into simple sugars by the activation 
of enzymes like α-amylase resulting in improved 
digestibility42 and release of energy for growth 
activities in the seed.43 The changes in calorific 
value of blue maize were non-significant (p≤0.05) 
during the germination process. Similarly, during 
fermentation, the reduction in carbohydrate 
content and calorific value of fermented flour was  
non-significant (p≤0.05). The values for carbohydrates 
decreased from 67.46 to 67.27% and calorific values 
from 353.96 to 339.45 kcal/100g. During the roasting 
process, the values for carbohydrate contents 
increased significantly (p≤0.05) from 67.46% to 
73.02% resulting in an 8.24% increase in values  
of carbohydrates. Similarly, calorific values increased 
from 353.96 to 386.49 kcal/100g contributing 
to an 8.41% increase in carbohydrate contents.  
According to Adegoke and Adebayo,44 roasting 
resulted in increasing the carbohydrates contents of 
the maize. Since the carbohydrate contents of plant 
foods are calculated by difference, the changes in 
proteins, fibers, and moisture contents of the maize 
after roasting will ultimately affect the values for 
carbohydrate contents, and hence increased values 
were observed.
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Phenolic Content, Antioxidant Activity, and 
Anthocyanin Contents
In the case of soaking and germination, phenolic 
contents increased significantly (p≤0.05) from 
44.88 to 61.05 mg GAE/100g. There was  
a 36.02% increase in phenolic substances after 
72 h of germination. Cornejo et al.45 reported a 
14.88% increase in phenolic contents after 72 h  
of germination. Whereas Đorđević et al.46 reported 
a 22% increase in total phenolic content of four 
maize samples. During the roasting process,  
the total phenolic components decreased significantly 
(p≤0.05) from 44.88 mg GAE/100g to 35.73 mg 
GAE/100g. There was a 20.38% decrease in 
phenolic content after the roasting of blue maize 
(Table 1).

The anthocyanin contents decreased significantly 
(p≤0.05) from 543.96 mg CGE/kg to 527.01 mg 
CGE/kg after germination for 72 h.  There was 
a 3.11% decrease in anthocyanin content after  
72 h of germination. During fermentation,  
the values decreased from 543.96 mg CGE/kg to 
526.38 mg CGE/kg resulting in a 3.23% decrease 
in anthocyanin content after 36 h of fermentation. 
Similarly, during the roasting process, there was 
a 5.07% decrease in the anthocyanin content  
of roasted blue maize and values decreased from 
543.96 to 516.33 CGE/kg (Table 1). 

There was an 81.07% increase in antioxidant activity 
in blue maize grains during the germination process 
and grains germinated for 72 h were observed to 
have the highest antioxidant activity (18.45%) and 
it was recorded lowest in raw grains (10.41%). 
Acosta-Estrada et al.47 stated that this increment 
in antioxidant activity during germination is linked 
to the release of phenolic components from cell 
walls or interaction between protein and starch 
components of the seed. In the case of fermentation, 
the antioxidant activity increased significantly 
(p≤0.05) from 10.41 to 14.50%. There was  
a 39.28% increase in antioxidant activity. Whereas  
a significant (p≤0.05) decrease (6.53%) in antioxidant 
activity was observed after the roasting process and 
values decreased significantly from 10.41% to 9.73% 
(Table 1).  

Anti-Nutritional Components
The processing techniques were quite effective 
in decreasing the anti-nutritional components like 

phytic acid and tannin contents. Tannin contents 
decreased significantly (p≤0.05) from 0.24 mg/g 
to 0.09 mg/g in blue maize. There was a 62.5% 
reduction in tannin contents during the germination 
of blue maize grains when compared to raw grains. 
Results are comparable with the findings of Siwatch 
et al.,48 and Sindhu et al.24 who reported 36.25 and 
59.96%, reduction in tannin content in amaranth 
grain, respectively, after 48 h of germination. 
Similarly, Shimelis and Rakshit49 reported  
a significant (p≤0.05) decrease in tannins contents 
during germination and reported it to be due to the 
leaching out of tannins in water during soaking. 
Similarly, there was a significant (p≤0.05) decrease 
(63.57%) in phytic acid content after the germination 
of grains for 72 h. Egli et al.23 observed a 56.09% 
decrease in phytic content after germination  
of grains. Luo et al.50 hypothesized that phytic acids 
get reduced due to significant (p≤0.05) enhancement 
in activity of phytase enzyme during germination 
leading to increased availability of minerals. 

In fermentation, the tannin contents decreased from 
0.24 mg/g to 0.12 mg/g. There was a significant 
(p≤0.05) reduction of 50.01% in tannin contents after 
36 h of fermentation when compared to raw grains. 
Similarly, the values for phytic content decreased 
significantly (p≤0.05) from 1.51 to 0.74 mg/g during 
fermentation of grains for 36 h. There was a 50.99% 
decrease in phytic content after the fermentation 
process. Towo et al.51 found that the fermentation 
process resulted in a significant (p≤0.05) reduction of 
phytic acid contents in the sorghum gruels. Greiner 
et al.52 stated that cereal phytase works best at the 
optimal pH of 5.0 and it accelerates the hydrolysis 
of phytic acid contents to inorganic phosphate and 
inositol at its optimum pH level. Microbial phytase 
present in microorganisms hydrolyse phytic acid 
during fermentation and accounts for the decline in 
phytic acid in the fermented food products.53 During 
roasting, the tannin contents decreased from 0.24 
to 0.14%. There was a 41.66% reduction in tannin 
contents when compared to raw grains. Similarly, the 
phytic acid content also gets reduced significantly 
(p≤0.05) from 1.51 to 1.09% resulting in a 27.81% 
decrease in phytic content in roasted blue maize 
grains (Table 1). 

Mineral Components
 There was a significant (p≤0.05) increase in mineral 
contents of processed blue maize grains. Values 
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for the Cu and Mn content increased significantly 
(p≤0.05) from 1.44 to 2.07 ppm and 0.64 ppm to 
0.81 ppm, respectively during the soaking and 
germination treatments. The Fe content increased 
significantly (p≤0.05) from 3.60 to 4.87 ppm and 
values for Zn content increased from 0.64 to 0.73 
ppm during the soaking and germination treatments 
of grains for 72 h. The values for Cu, Mn, Fe,  
and Zn contents increased by 43.75, 26.56, 35.27, 
and 14.06%, respectively after 72 h of germination 
in blue maize. Results are comparable with the 
findings of Guardianelli et al.54 who reported an 
increase in zinc, copper, and manganese after 24 h 
of germination in amaranth grains. 

In the case of fermentation, a similar increase 
in mineral contents was observed. Cu content 
increased significantly (p≤0.05) from 1.44 to 2.33 
ppm, Mn from 0.64 to 0.99 ppm, Fe from 3.60 to 
5.18 ppm, and Zn contents from 0.64 to 0.86 ppm. 
There was a 61.80%, 54.68%, 43.88%, and 34.37% 
increase in Cu, Fe, Zn, and Mn content, respectively 
during the fermentation treatment of grains for 36 
h. In the case of roasting the values for Cu content 
increased from 1.44 to 1.47 ppm, Fe content from 
3.60 to 3.99 ppm, and Zn from 0.64 to 0.70 ppm 
during the roasting treatment. Oboh et al.33 reported 
that mineral contents were found to get increased 
after roasting in different cultivars of maize grains 
(Table 1). 

Conclusions
This study aimed to evaluate the effect of processing 
techniques on nutritional composition, anti-nutritional 
compounds as well as bioactive components of blue 
maize. Soaking, germination, natural fermentation, 

and roasting processes were found effective in 
increasing the nutritional value and decreasing the 
anti-nutritional components in processed grains.  
It was observed that there was a significant (p≤0.05) 
increase in protein content of germinated and 
fermented grain samples. Total phenolic components 
and antioxidant activity were found to get increased 
significantly (p≤0.05) during germination as well 
as fermentation treatments. Mineral contents 
were found to get increased significantly (p≤0.05) 
after processing treatments. Leaching of tannins 
during soaking and their further degradation during 
germination and significant (p≤0.05) increase in 
the activity of enzyme phytase resulted in the 
reduction of anti-nutritional components, thereby 
increasing mineral availability.  Therefore, the use of 
processing techniques can enhance the nutritional 
value and functionality of this underutilized grain and 
it can be successfully utilized for the development  
of innovative functional food products.
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