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INTRODUCTION 

 

In contrast to severe malnutrition, from the past 20 years World Health 

Organization and Research programs were focused on the management of 
nutritional properties of food with different food processing methods (Konietzny 

& Greiner, 2004). Malnutrition in poor communities is not only because of 

insufficient amount of food but also because of poor nutritional quality of the 
available food (Brown, 2008). Insufficient and poor quality food intake is also 

adverse effect on adult health and responsible for many diseases like Anaemia, 

osteoporosis, rickets and immune diseases due to lack of availability of minerals 
(Stein, 2010). Micro–nutrients such as Phosphorus, Iron, Calcium and Zinc are 

essential for all organisms and ideal to act as a catalytic molecule in numerous 

biochemical reactions (Dangour et al., 2017; Minihane & Rimbach, 2002). 
Plant based food products such as wheat (Triticum aestivum) and sorghum 

(Sorghum bicolor (L.) Moench) are the main cereal crops used for human 

consumption and they are world’s most important crop in terms of production 
and consumption (Dykes & Rooney, 2006).  They constitute an important dietary 

source of fibers, complex carbohydrates, proteins, vitamins, and minerals. But 

their nutritive value is limited due to the presence of several anti-nutritional 
substances such as phytate, proteinase inhibitors, cyanogenic glycosides and 

tannins (O’Callaghan et al., 2019; Soetan et al., 2010).  

PA has a strong ability to chelate multivalent metal ions, especially Zn2+, Mg2+, 
Ca2+ and Fe2+ to form phytate-mineral complexes which are insoluble and 

therefore unavailable for absorption in the intestinal tract (Coulibaly et al., 

2011;Lopez et al., 1983; Palacios et al., 2008). Its negative charge makes it to 
bind with positively charged minerals leads to unavailability of minerals for 

biological activities. Monogastric animals like poultry, swine and human beings 

do not contain mechanism to hydrolyse PA (Hajati & Rezaei, 2010) because 
they have very low or zero phytase activity in their gastrointestinal tracts 

(Kumar et al., 2010). Hence processed food is required for complete bio-

accessible of minerals with lower level of phytic acid. Phytase (myo-inositol 
hexakis phosphate phophohydrolase) a specific group of phosphatise enzyme, 

hydrolyses phytic acid to myo-inositol and phosphoric acid. The Phytase enzyme 

is widely distributed in microorganisms, plants and animals. Among 

microorganisms Lactic acid bacteria were found to have more phytase activity 

(Leroy & De Vuyst, 2004; Palacios et al., 2008; Tamang et al., 2009).  
Traditional processes such as soaking, germination and fermentation can activate 

native grain phytases which degrade inositol-6-phosphate to its lower forms (Liu 

et al., 2019). On the other hand fermentation is more effective since the organic 

acids produced by the micro-organisms reduce the pH of the aqueous cereal 

mixture close to the optimum pH required for phytase activity. Phytate 
degradation can be extensive or complete in products such as lactobacilli-

fermented sorghum (Kumar et al., 2010). The industrially processed; fermented 

and enzymatically treated foods are in practice but these are expensive to meet 
the needs of poor communities (Lai et al., 2013; Leroy & De Vuyst, 2004). 

Probiotics are live microbial feed supplements which beneficially affect the host 

by improving its intestinal microbial balance.  Probiotic supplementation to 
wheat and sorghum has a promising role to play in the bioavailability of essential 

nutrients (Ajao et al., 2018). Fermentation of wheat and sorghum with LAB 

reduces the PA content and helps in improved availability of nutritional factors 
by degrading the IP6 (Grajek et al., 2005).  This study reports the use of 

traditional process and fermentation on reduction of phytic acid in wheat and 

sorghum flours to enhance the bioavailability of micronutrients in plant based 
diets.    

 

MATERIAL AND METHODS 

 

Isolation and identification of Lactic Acid Bacteria (LAB) 

 
The samples of fresh curd were collected from commercial market. The De Man, 

Rogasa and Sharpe (MRS) broth medium (Hi-media, India) was prepared 

according to the manufactures instruction. The test tubes containing media were 

sterilized by autoclaving at 121C with 15 Pounds/Inch2 pressure. 1mL of 1: 10 

diluted curd sample prepared was inoculated and incubated at 37 °C for 24 hours.  

The sterilized MRS agar medium (15 ml) was dispensed into sterile petri plates 
and a loop full of inoculums from enriched MRS broth was streaked on MRS 

Agar plates. Plates were incubated for 24 h at 37 °C and examined for 

development of bacterial colonies. The isolated LAB was identified based on 
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their morphological and biochemical characteristics such as Gram Staining, 

Methyl Red Test, Catalase test and Sugar fermentation test. 

 

Phytate degradation during food processing 

 

Soaking: The seeds of wheat and sorghum were taken separately and were 
surface sterilized by treating with 0.1% mercuric chloride and were rinsed and 

soaked in distilled water (1:10; w/v)  at different time intervals of  1, 5, 7, 10 and 

15  hours at room temperature (28±2°C). The soaked seeds were rinsed with 
distilled water, dried and ground powder was used for PA determination. 

 

Cooking: The flours of wheat and sorghum samples were taken separately mixed 

with distilled water (1:20 w/v) and cooked with continuous stirring at different 

time intervals of 10, 15, 30, and 60 min. The cooked samples were centrifuged 
and the supernatant was taken for PA estimation.   

 

Roasting: The flours of wheat and sorghum samples were roasted separately at 
different time intervals of 1, 2, 3, 4, 5 min. The roasted samples were taken for 

PA estimation using Modified WADE reagent method. 

 

Fermentation optimization studies  

 

Preparation of Inoculum 

 

10 mL of MRS broth was prepared in 8 test tubes and autoclaved at 121°C for 15 

min and cooled at room temperature. A loop full of LAB from slant was 
inoculated to the above test tubes and incubated at 37o C for 24 h in a shaker 

incubator at 220 rpm. 

 

Fermentation optimization study of pH 

 

Ten grams of ground samples of sorghum and wheat were separately autoclaved 
at 121oC for 20 min the samples were mixed uniformly with 100 mL of sterile 

distilled water in different conical flasks in an aseptic condition.  The pH of the 

medium was adjusted to 3, 4, 5.5, 6, 6.5, 7.4 and 9 using 0.1N HCl and NaOH. 10 
mL of the inoculum was added to the medium. Fermentation was carried out in 

an incubator shaker at 220 rpm at optimum temperature 37oC. Aliquots of the 

fermenting slurries were drawn at 24, 48 and 72 h intervals under aseptic 
conditions and analyzed for phytic acid using colorimetric WADE reagent 

method. 

 

Fermentation optimization study of Temperature 

 

10 g of ground samples of sorghum and Wheat were autoclaved separately at 
121oC for 20 min. Samples were mixed uniformly with 100 mL of sterile distilled 

water in different conical flasks in an aseptic condition. 10 mL of the inoculum 

was added to the medium. Fermentation was carried out in an incubator shaker at 
220 rpm at different temperature 27, 32 and 37oC. Aliquots of the fermenting 

slurries were drawn at 24, 48 and 72 h. Intervals of time under aseptic conditions 

analyzed for phytic acid using colorimetric WADE reagent method.  
 

Fermentation time optimization study 

 
Powdered samples of wheat and sorghum were autoclaved at 121oC for 20 min. 

10 g of Samples were mixed uniformly with 100 mL of sterile distilled water in 

different conical flasks in an aseptic condition. The pH of the medium was 
adjusted to 6.5 using 0.1N HCl and NaOH. 10 mL of the inoculum was added to 

the medium. Fermentation of wheat and sorghum sample was carried out in an 

incubator shaker at 220 rpm at optimum temperatures of 32oC (wheat) and 37oC 
(sorghum). Aliquots of the fermenting slurries were drawn at 1, 2, 3, 4, 5, 6, 24, 

48 and 72 h intervals under aseptic conditions. Analysis of phytic acid in samples 

was carried out using colorimetric WADE reagent method.  
 

Determination of PA content in raw and fermented samples  

 

The standard graph of sodium phytate was prepared as described in previous 

reports (Newsome, 1980) and the determination of phytic acid in the raw samples 
of wheat and Sorghum flour were carried out according to Kwanyuen et al. 

(2007). The Fermented samples drawn at different interval of time were 

centrifuged at 4800 rpm for 20 min at 10o C. 1mL of supernatant was pipetted out 
into two test tubes with 2 mL of distilled water. Each tube was added with 1 mL 

of the Wade reagent (0.03% FeC13-6H20 and 0.3% sulfosalicylic acid in distilled 

water), and the solution was mixed on a vortex mixer for 5 second. The mixture 
was centrifuged for 10 min and the absorbance of supernatant was measured at 

490 nm using colorimeter. 

 

 

 

 

 

Statistical analysis  

 

All data were analyzed by one-way analysis of variance (ANOVA) using 

Microsoft Excel (2010). The values are represented as mean ± standard deviation 

(SD). Probability levels (P values) < 0.05 were considered significant.  

 

RESULTS AND DISCUSSION 

 

Isolation and identification of LAB 

 

Lactic acid bacteria are commonly found in fermented dairy products. 
Lactobacillus is a genus of lactic acid bacteria and described as a heterogeneous 

group of regular, non-spore forming, gram-positive, rod shaped non-motile 

bacteria with catalase negative activity. After the incubation for 24 h, colour of 
the colonies was found to be creamy to white on the surface of MRS agar plate as 

shown in the figure 1A. The morphological characteristics were further resolved 

on the basis of microscopic examination. LAB being gram positive bacteria 
appears deep purple indicating that they have thick outer layer peptidoglycan. 

Gram’s staining of the bacterial culture showed that they were gram positive, rod 

shaped and some of them were coccid shaped (Figure 1A-1D). The results of 
catalase test showed that the isolates were not able to produce air bubbles when 

mixed with 3% H2O2 which confirms that isolates were catalase negative and 

belong to LAB. The results of sugar fermentation showed that isolates fermented 
glucose to acid which was evident by changing color of medium from red to 

yellow.  It also showed that LAB was homo fermentative because in case of 

homo fermentation, there will be production of acid along with the change in 
color of the medium from red to yellow. Whereas in hetero fermentation, there 

will be gas production in Durham tube alongside the change in the color. The 

results of Methyl red test showed that isolates were mixed acid fermenting 
bacteria that yield a stable acid end product which was evident by changing color 

of the medium from yellow to red. Similar results were obtained by (Kale, 2014). 

 

 
 

Figure 1 Isolation and identification of Lactic acid bacteria: 1A) Morphology of 
LAB; 1B) Pure Culture of LAB; 1C) & 1D) Gram Staining for LAB; 1E) 

Catalase test; 1F) Sugar fermentation test  
 

Study on effect of food processing methods on Phytic acid degradation  

 
The estimation of PA was found to be 1.5% in whole wheat, 2% in wheat bran, 

1.3 % in Fine wheat and 2.1% in sorghum (Table 1). The estimation was carried 

out using sodium phytate as a standard (figure 2). There are different methods for 
PA degradation such as soaking, cooking, roasting and fermentation (Kumar et 

al., 2010). Soaking of legume grains and cereal seeds are done as a pre-treatment 

to facilitate processing, which lasts for 15–20 min, or even longer, depending on 
further, processing steps. Generally, cereals and legumes are soaked in water 

overnight; phytate is water-soluble, so a considerable amount of phytate is 

removed to the water. In addition, this process also enhances the action of 
naturally occurring phytase in cereals and legumes. It has been shown that 

phytate hydrolysis, during soaking, is greatly influenced by temperature and pH 

(Greiner & Konietzny, 1999). In the present study reduction of PA in soaked 
samples was found to be 45% in whole wheat and 27.5% in sorghum after 

soaking for15 min. Reduction of PA content in cooked samples was found to be 

53% in whole wheat, and 47% in sorghum at 60 min of cooking. PA reduction in 
roasted samples was found to be 26% in whole wheat, and 18.57% in sorghum at 

5 min of roasting. From the figure 3 it is evident that as the time of soaking, 

cooking or roasting increases the reduction in PA increased. Phytate, being a heat 
stable component in plant foodstuffs, is not easily degraded while cooking. 

However, the intrinsic plant phytase is thermo labile; prolonged exposure to high 

temperature may lead to the inactivation of endogenous enzyme. Therefore, to 
improve phytate dephosphorylation during cooking, plants with heat-stable 

Phytases or addition of exogenous heat-stable Phytases have been recommended 

(Hotz & Gibson, 2007). 

 

Table 1 PA content in raw  samples 

Raw Samples % Weight (w/w) 

Wheat Bran 2 

Fine Wheat 1.3 

Whole Wheat 1.5 

sorghum 2.1 

 

1

A 

1

B 1

C

1

D 
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Figure 2 Standard graph of sodium phytate assay 

 

 

 

 
 

Figure 3 Phytic acid reduction during food processing: 3A) effect of soaking on 

PA content of wheat & sorghum; 3B) effect of cooking on PA content of wheat 

& Sorghum; 3C) effect of roasting on PA content of wheat & Sorghum 
 

Study on fermentation optimization for reduction of PA  

 
LAB from milk and curd were considered to be the possible source of phytase in 

fermentation. Phytase is also present in wheat and sorghum. As the fermentation 

continues, it resulted in increased acidity of wheat sample; this activates the 
phytase enzyme in wheat and sorghum samples (Elyas et al., 2002). The 

scientific data are interpreted as supporting the hypothesis that either lactic acid 

bacterial phytase is significantly involved in phytate degradation during 
sourdough fermentation (Eale, Onietzny et al., 2007; Lopez et al., 2000; Rezaei 

et al., 2019) or the intrinsic cereal phytases are responsible for phytate 

degradation after being activated by a fall in pH due to lactic acid production by 
the lactic acid (Gupta et al., 2013).   

In wheat, it was found that 100% reduction of PA occurred in pH 6, temperature 

32 °C & time 4 to 6 h of fermentation and there was a change in pH from 6 

changed to 3.96 at 6 h of fermentation. In sorghum, it was found that 100% 

reduction of PA occurred in pH-6.5 temperature 37 °C & fermentation time of 4 

to 6 h. With prolong of fermentation time the PA content increases due to 

inhibition of phytase enzyme by phosphates enzyme released from lactic acid 
bacteria. During fermentation, constant agitation also plays an important role on 

reduction of PA. After 24 h of fermentation, PA content remains almost constant 

(Figure 4-5). 
 

  

Figure 4 Reduction of PA (%) after 24, 48 and 72 h of fermentation at different 
temperature in wheat (Fig 4A) & sorghum (Fig 4B). 

 

 
 

 
Figure 5 Optimization of pH and fermentation time on reduction of PA in wheat 

(fig 5A) & sorghum (fig 5B) 

 
PA is present in wheat and sorghum is suspected of impairing mineral absorption 

of Zn, Fe and Ca (Dykes & Rooney, 2006).  The binding of PA alters the 

solubility, functionality, digestibility and absorption of the food components. PA 
binds with proteins and mineral nutrient, thereby reducing their bioavailability. 

The release of phosphate from phytate is initiated by a class of enzymes called 

phytases which hydrolyse phosphate motilities from PA to release myo inositol 

4B 

4A 

5

 

5A 

3A 

3B 

3C 
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and inorganic phosphate thereby resulting in the loss of ability of PA to chelate 

metal ions. LAB Phytase enhance the availability of phosphate from phytate and 

they also have the potential to be used as a probiotics (Fischer et al., 2014; 

Greiner & Konietzny, 1999; H. W. Lopez et al., 2001). Probiotic 

supplementation to wheat and sorghum has a promising role to play in to increase 

the bioavailability of essential nutrients (Grajek et al., 2005). Even though there 
are different methods for degradation of PA in wheat and sorghum such as 

soaking, cooking and roasting the fermentation process provides optimum 

conditions for enzymatic degradation of PA present in complex form with 
polyvalent cations like Fe, Zn, Ca, Mg and proteins (Minihane & Rimbach, 

2002). The lactic acid fermentation showed greater significance in reduction of 
PA content when compared to soaking, cooking and roasting. In this study a 

modified colorimetric WADE reagent method was used for the identification of 

PA content in raw wheat and sorghum and WADE colorimetric method was used 
for PA content estimation in fermented samples (H. W. Lopez et al., 2001). The 

determination of PA content with these colorimetric methods is based on 

decolouration of the pink Fe3+- sulfosalicylate complex (WADE reagent). 
Increase in absorbance reading (490nm) after fermentation showed that reduction 

of PA content of wheat and sorghum. 

 

CONCLUSION  

 

In the present study describes the isolation of phytate degrading LAB and 
optimization of fermentation conditions for degradation of phytate in wheat and 

sorghum flour. Further, this study can be extended for isolation of other probiotic 

bacteria such as bifidobacterium for the reduction of PA content in wheat and 
sorghum. This will help in formulations of LAB with varieties of plant based 

foods to decrease the phytic acid content and to increase availability of 

phosphorus.   
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