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 Abstract 
  

Introduction. The present study aims to determine the 
relationship between phytic acid (PA) content/digestibility rate 
of the grains, which are widely consumed in daily diet, and the 
methods often used in preparing food for consumption. 

Materials and methods. In this study, the dephytinization 
effect of soaking (for 12 h), boiling (at 100 °C for 1 h), 
autoclaving (at 121°C for 15 min), fermentation (at 25-27 ℃), 
and germination processes on several grains were studied. PA 
contents, Mineral Digestibility (MD, %), and Protein 
Digestibility (PD, %) were determined, and their effects 
comparatively evaluated before and after processes.  

Results and discussion. There were decreases in PA 
contents in legumes and cereals for all the methods applied. 
Fermentation (<800 mg/100 g) of the flour and germination for 
the other samples (<700 mg/100 g) were found to yield more 
effective results to PA degradation. Between 20-70% reduction 
by fermentation and 50-80% reduction by germination of PA 
contents in the samples were found. Moreover, MD level in 
cereals, which was especially low before germination, increased 
up to 2 times after the germination. PD, %, was found to increase 
with the effect of the processes, except for boiling and soaking. 
Especially germination process was more effective in tems of 
PD. Increasing rate of PD for ten bean samples was up to 200%. 
Wheras the PA contents in the cereal flour samples after their 
spontaneous fermentation were decreased, their digestibility 
values were increased statistically (p<0.05). 

Conclusions. All processes applied such as soaking, 
fermentation, or heat treatments, which are widely used to 
preparation of the grains, provide an advantage in 
dephytinization at different rate. Combined use of techniques 
such as soaking, and boiling which are used in the preparation 
of various cereal and legume products for consumption, is also 
be effective in terms of nutritional quality and their 
combinations were proposed. 
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Introduction 
 
The cereals and legumes have a poor nutritional value in comparison with the animal 

source foods, due to their amino acid compositions and lack of some essential micronutrients.  
Additionally, most of the cereals and legumes contain high amount of phytic acid (PA), which 
is considered as an antinutrient compound because of its ability to form strong chelates with 
metal cations, especially with Ca+2, Zn+2, and Fe+2, to form phylate and decrease 
bioavailability of these important microelements in the human intenstine (Gibson et al., 2010; 
Özkaya et al., 2018; Perera et al., 2018). Therefore, diets that are rich in cereals and legumes 
having high phytate content may lead to micronutrients deficiency (Ma et al., 2013). In cereal 
grains such as wheat and rice, PA (C6H18O24P6, inositol hexaphosphates-IP6) is found in bran 
fraction such as aleurone layer and pericarp, and in corn it is found in endosperm (Gupta et 
al., 2015). PA is the primary storage form of phosphorus, comprising 1–5% by weight in 
cereals, nuts and legumes (Vats and Banerjee, 2004). PA exhibits high binding capacity with 
positively charged proteins via electrostatic interactions and affects their activity (Pakfetrat 
et al., 2018; Wang and Guo, 2021).  

Increasing micronutrient intake and bioavailability in food through food processing is a 
sustainable method to prevent micronutrient malnutrition (Ertop and Bektaş, 2018). The 
pretreatment and processing techniques widely used in preparing the foods might yield a 
reduction in antinutrient compounds. Soaking, dehulling, cooking and fermentation are 
important traditional methods used to reduce antinutrients. Furthermore, germination and 
fermentation enhance the nutritional value of cereals and legumes due to significant changes 
in chemical composition and elimination of antinutritional factors (Abdelrahaman et al., 
2005). Several studies were conducted on certain grains and seeds which examined their anti-
nutrients and nutritional properties under different processes and conditions (Özkaya et al., 
2017a; Özkaya et al., 2017b;  Deng  et al., 2015; Yagoubet al., 2008; Rehman and Salariya, 
2005). However, no study comparatively analyzing industrial/domestic common methods for 
treatment of grains having high consumption rates was found. The present study aims to fill 
this gap about the relationship between phytic acid content/digestibility rate of grains, which 
are widely consumed, and the methods often used in preparation of food for consumption. 

 
 
Materials and methods 
 
Materials 
 
The wheat sample named as "Ekiz wheat" (Triticum aestivum) was supplied from the 

crops harvested in July 2017 at Devrekani, Kastamonu, Turkey. The flour was milled (milling 
yield 70%) in a milling factory (Üçbaşak Milling, Devrekani, Kastamonu). The hulled rice 
(paddy) and rice sample (milling yield 68%) were supplied from a local rice producer. For 
preparing the rice flour, the dried rice grains were milled using a laboratory mill (EQM-402 
Mixer Mill, Spain). The barley sample named "Aydan Hanım", local oat sample, and rye 
sample named "Black rye" were supplied from the crops harvested in 2017 from Gövdecili 
village of Yozgat, Turkey, and the samples were milled in traditional stone mills of a local 
company. Before the milling process (stone mill), the grains (barley, oat and rye) were 
hydrated by adding 200 g water per 10 kg of the kernel to make the seed coats less brittle and 
to prevent kernel breakage (Bottega et al., 2009). Dry bean, chickpea, and green lentil 
samples were obtained from a commercial firm in Kastamonu, Turkey.  
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Proximate analyses 
 
Ash, protein, and moisture contents of the samples were determined using AACC 

Approved Methods (AACC, 2000) and numbered as 08-01.01, 46-12.01, and 44-15.02, 
respectively. The nutrient or mineral contents were expressed on a dry matter basis. pH values 
of the fermented samples were measured using a digital pH meter (Ohaus ST3100).  Phytic 
acid content was determined by using the colorimetric procedure of Haug and Lantzsch 
(1983) and content of phytic acid was calculated accordingly. 

 
Sample preparation 
 
Soaking. Ten grams of cereal and legume grains were weighed and soaked with 10 mL 

water and kept under the room temperature for 12 h. 
 
Germination. Fifty grams of cereal and legume grains were washed and then immersed 

in 100 mL of water at 20-24 ℃ for 8 h. Grain samples were drained and kept for 8 h without 
water to attain a homogenous moisture distribution from crumb to crust. Then, 2 more times 
these processes were re-performed. The grains were placed in the dishes having 40–50 mm 
diameter, their bottom and top surface covered with cotton paper, and they were kept at 25 ± 2 
°C (Pakfetrat et al., 2018). To supply the germination moisture, a certain amount of water 
was sprayed onto the grains every day for a total of 4-5 days of germination. The germination 
process was terminated when the germinated part reached the original size of the grains. 

 
Hydrothermal processes. 
Autoclaving. Ten grams of cereal and legume grains and 10 mL water were placed into 

borosilicate glasses, and the heat treatment was performed at 121 ℃ for 15 min in the 
autoclave. 

Boiling. Ten grams of cereal and legume grains were weighed and boiled in 10 mL water 
at 100 °C for 1 h in a water bath. 

 
Fermentation. The spontaneous fermentation technique (back-slopping method) was 

used for fermentation of wheat, oats, barley, rye, and rice flour.  Ten grams of wheat flour 
and 10 g water (dough yield: 200) (Hayta and Ertop, 2018) were mixed and fermented 
spontaneously in 3 stages until the dough reached pH levels lower than 4.5 at 25-27°C. 

 
In-vitro mineral (MD) and protein digestibility (PD) determination 
 
The sample (1 g) was incubated with 25 mL of pepsin solution (0.03 N 1 L HCl + 2 g of 

pepsin) at 37 °C for 3 h. Each sample was filtered using ashless filter paper. The pellet and 
filter paper were burned together in the furnace at 900 °C, and the ash content was calculated. 
The digestible mineral content was obtained together with their differences. The MD, %, 
values were obtained (Hayta and Ertop, 2018) by using the following equation: 

 
 

MD, % =
Digestible Mineral Content

Total Mineral Content
x100 

 
The in-vitro PD values determined by the method of Rizzello et al. (2014) PD, %, values 

were calculated using the following equation: 
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PD, % =
N in supernatant- N in pepsin enzyme

N in sample
x100,     

 
where N is content of nitrogen. 

 
Statistical analysis 
 
The data were shown as the mean ± standard deviation. Variance analysis (ANOVA) 

(IBM-SPSS 1.0.0.781) by Tukey test (p<0.05) was used for comparing the results between 
all samples. t-test was carried out before and after the procedure in order to determine the 
effects of application (p<0.05). 

 
 
Results and discussion 
 
Effects of the soaking process 
 

There were statistically significant differences (p<0.05) between the phytic acid contents 
of raw grains (Table 1). The highest PA content was found in wheat grain, while the lowest 
content was found in paddy. The contentss found in legumes (bean, chickpea, and green lentil) 
were similar to each other. The PA content in the grains was significantly (p<0.05) decreased 
by the soaking process< and their PA contents were very close to each other.  

Phytates are concentrated in endosperm in legume seeds (Lestienne et al., 2005). The bran 
and husk fractions in cereals contain higher amount of PA. Therefore, during the soaking 
process, the water can reach phytase in the bran and husk layer of the grains more easily 
compared to the central endosperm layer of legume grains. The soaking process increased the 
MD, %, of the cereal and legume grains and the difference was found to be statistically 
significant in all the samples (p<0.05). Moreover, it was also found that the MD, %, of the 
legumes before and after the soaking process was higher than that of cereals. It has been 
shownin several studies that soaking of the cereals and beans reduced the PA content and 
consequently increases the MD (Perlas and Gibson, 2002; Coulibaly et al., 2011).  

The soaking process decreased the protein digestibility rate of all the cereal and legume 
grains, and the change was found to be statistically significant, especially for rye, paddy, 
chickpea, and green lentil.  This might be due the protease inhibition (trypsin inhibitor), which 
is an antinutrient compound found in raw legumes and certain cereals. It was demonstrated that 
protease inhibitors reduce the proteolysis, amino acid absorption, and protein bioavailability 
of diet proteins by suppressing the activities of trypsin, chymotrypsin, and amylase enzymes 
in the small intestine (Ergün et al., 2002). Oomah et al. (2011) found that trypsin inhibitors 
have capability to inactivate trypsin and digestive enzymes. Accordingly, despite the 
hydrolysis of PA in the soaking process, it can be stated that the protease inhibitor reduces the 
digestion of proteins in the intestinal pH in-vitro medium and thus reduces the protein 
digestibility rate of cereals and legumes. It was found that the heating increased protein 
digestibility in legumes due to the inactivation of protease inhibitors and the denaturation of 
the proteins (Eltayeb et al., 2007).Therefore, the use of the soaking process altogether with 
other treatments such as germination, heating, and fermentation colud be very useful. Phytic 
acid contents and digestibility rates of the samples before and after soaking process are shown 
in Table 1.  
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Table 1 
 Phytic acid contents (a) and digestibility rates (b and c) of the samples before and after soaking 

process  
(a) 

Sample 
Content of phytic acid, mg/100 g 

Before After p value* 
Wheat 2471.88±0.31a 1487.50±2.56a 0.002 
Barley 2328.13±2.08b 1356.25±0.01g 0.000 
Rye 1715.63±1.10g 1390.63±0.31e 0.001 
Oat 2050.00±2.74c 1312.50±0.62 h 0.001 
Paddy 1559.38±0.22h 1428.13±0.13d 0.001 
Bean 1831.25±1.59d 1450.00±0.09 c 0.000 
Chickpea 1806.25±0.88e 1478.13±0.49 b 0.001 
Green lentil 1790.63±0.49f 1368.75±0.80f 0.001 

 
(b) 

Sample 
Mineral digestibility, % 

Before After p value* 

Wheat 45.38±4.60abc 71.91±1.75bcd 0.042 
Barley 40.72±0.00bcd 65.72±1.67de 0.042 
Rye 45.70±0.42abc 70.10±1.91cd 0.050 
Oat 36.24±2.01cd 62.49±1.78e 0.043 
Paddy 30.16±1.01d 60.61±0.45e 0.009 
Bean 53. 83±1.89a 79.21±0.65ab 0.016 
Chickpea 52.16±2.74ab 84.11±0.62a 0.012 
Green lentil 52.47±0.14ab 77.32±1.33abc 0.034 

 
(c) 

Sample 
Protein digestibility, % 

Before After p value* 

Wheat 50.66±3.30bc 47.07±1.97b 0.320 
Barley 36.49±0.97de 33.38±1.57c 0.298 
Rye 53.81±3.19b 35.33±1.16c 0.040 
Oat 40.54±0.10cd 43.54±0.92b 0.189 
Paddy 48.69±1.24bc 13.93±1.40e 0.022 
Bean 25.98±0.08e 25.07±1.19d 0.584 
Chickpea 77.29±2.24a 61.00±1.10a 0.043 
Green lentil 71.60±2.65a 20.95±0.52de 0.007 
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Table 2 

Phytic acid contents (a) and digestibility rates (b and c) of the samples before and after 
germination process  

 
(a) 

Sample 
Content of phytic acid, mg/100 g 
Before After p value* 

Wheat 2471.87±0.31a 621.68±0.67b 0.000 
Barley 2328.12±2.08b 548.79±0.79e 0.000 
Rye 1715.62±1.10g 488.48±0.07f 0.000 
Oat 2050.00±2.74c 576.14±0.44d 0.000 
Paddy 1559.37±0.22h 698.19±0.54a 0.000 
Bean 1831.25±1.59d 463.43±0.17g 0.000 
Chickpea 1806.25±0.88e 616.56±0.65c 0.000 
Green lentil 1790.63±0.49f 441.36±0.80h 0.000 

 
(b) 

Sample 
Mineral digestibility, % 

Before After p value* 
Wheat 45.38± 4.60 abc 79.97±1.39b 0.026 
Barley 40.72±0.00bcd 76.76±1.06bc 0.019 
Rye 45.70±0.42abc 83.67±0.77ab 0.013 
Oat 36.24±2.01de 79.83±1.33b 0.019 
Paddy 30.16±1.01e 61.29±1.58d 0.032 
Bean 53. 83±1.89a 86.03±1.06a 0.021 
Chickpea 52.16±2.74ab 83.18±0.98ab 0.020 
Green lentil 52.47±0.14ab 73.60±0.90c 0.027 

(c) 
 

Sample 
Protein digestibility, % 

Before After p value* 
Wheat 50.66±3.30bc 68.54±1.00e 0.036 
Barley 36.49±0.97de 74.08±1.17d 0.020 
Rye 53.81±3.19b 85.82±0.88a 0.017 
Oat 40.54±0.10cd 79.42±1.00bc 0.016 
Paddy 48.69±1.24bc 64.16±1.01e 0.042 
Bean 25.98±0.08e 79.97±1.21b 0.014 
Chickpea 77.29±2.24a 78.07±0.01bcd 0.008 
Green lentil 71.60±2.65a 74.16±0.77cd 0.186 

 
* (P<0.05) means that the values statistically different in the same line 
**Different letters indicate significant differences (P<0.05) in the same column 
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        Effects of germination process   

 
A significant decrease (p<0.05) was obtained in the PA contents in all grains and legumes 

after the germination process (Table 2). In several studies (Eltayeb et al., 2007; Greiner and 
Konietzny, 2006; Marshall et al., 2011) it was also reported that germination is a very effective 
method for reducing contents of phytate acid and other antinutrient factors in grains. During 
the germination process, activation of the phytase enzyme accelerates, so its ability to break 
phytates down increases (Fayyaz et al., 2018). Moreover, it was reported that the pre-soaking 
process before germination caused a significant reduction from 55% to 76% of PA content in 
the grains (Masud et al., 2007). Therefore, germination is the most effective method to decrease 
the content of PA (Figure1). 

 

 
 

Figure 1. Effect of the processes on the rate, %, of change of the phytic acid content 
* Number of the samples; 

1 – Wheat, 2 – Barley, 3 – Rye, 4 – Oat, 5 – Paddy, 6 – Bean,  
7 – Chickpea; 8 – Green lentil, 9 – Wheat flour, 10 – Barley flour,  

11 – Rye flour, 12 – Oat flour, 13 – Rice flour 
 

 
Application of all processing methods increased the MD level in all samples. Germination 

was the most effective method among them (Figure 2). The germination process significantly 
increased the MD rates for both grain and legume samples (p<0.05) (Table 2). The MD level 
in cereals, which was especially low before germination, increased up to 2 times after the 
germination. The most affected sample was the paddy. The highest increase among the legumes 
was found for chickpeas. Masud et al. (2007) showed that germination is a highly effective 
method thanks to the reduction of PA content by up to 40%. Although the non-germinated 
grains have a low endogenous enzyme activity (Greiner and Konietzny, 2006), the endogenous 
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phytase activity degrading the phytate increased during the germination of grains. Thus, PA 
affecting the bioavailability of major minerals such as Ca and trace ones such as Fe, Cu, Zn 
and Mn and binding them was degraded (Ertop and Bektaş, 2018). It was found that the total 
ash content in such legumes as mug beans, pea, and lentil increased after the germination 
process (Fayyaz et al., 2018; El-Adawy et al., 2003). Therefore, the increase of MD might be 
due to the increased ash (total mineral) content of the sprouted grain.  

 

 
 

Figure 2. Effect of the processes on the rate, %, of change in the MD: 
* Number of the samples; 

1 – Wheat,2 – Barley, 3 – Rye, 4 – Oat, 5 – Paddy, 6 – Bean,  
7 – Chickpea; 8 – Green lentil, 9 – Wheat flour, 10 – Barley flour,  

11 – Rye flour, 12 – Oat flour, 13 – Rice flour 
 
 
The germination method was the most effective method in increasing the PD value of 

cereals, especially the barley, rye, and oats (Figure 3). The germination process increased 
(p<0.05) the PD, %, for all grain and legume samples except for green lentils (Table 2). 
Legumes are valuable plant-based protein sources in the daily diet. However, besides the level 
of proteins, their digestibility rate is also important. It was determined that the PD, %, of the 
bean, which was rather low, 25.98%, initially, increased significantly to 79.97% after the 
germination (Table 2).  An approximately 207% increase was served for the bean (Figure 3). 
The barley exhibited a result similar to the bean. The PA in grains is in the form of complexes 
with proteins and several metal cations. The inhibition of PA, which depends on the phytase 
activity during the germination, resulted in an increase in the PD.  In a study carried out by 
Ghavidel and Prakash (2007), germination significantly improved the in-vitro bioavailability 
of Fe and Ca minerals, protein, and thiamine, as well as in-vitro digestibility of starch and 
proteins in several legumes. The germination process increased the amount of protein and 
particularly the amount of amino acids such as lysine and tryptophan in the Mung bean (Adil 
Shah et al., 2011) and oats (Peterson, 1998; Skoglund et al., 2008). Thus, the nutritional value 
was increased. Sharif et al. (2013) reported that, together with the increase of the protease 
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enzyme activity because of the germination process, the protein quality of the grain increased, 
lysine content and protein bioavailability enhanced, and the minerals became more useful by 
chelating with proteins. Increase of PD in germinated grains was due to the removal of certain 
antinutrients such as protease inhibitor (trypsin inhibitor) and PA (Khalil and Mansour, 1995). 

 
 

 
 

Figure 3.  Effect of the processes on the rate, %, of change in the PD 
* Number of the samples; 

1 – Wheat, 2 – Barley, 3 – Rye, 4 – Oat, 5 – Paddy, 6 – Bean, 
7 – Chickpea; 8 – Green lentil, 9 – Wheat flour, 10 – Barley flour, 

11 – Rye flour, 12 – Oat flour, 13 – Rice flour 
 

 
 
Effects of hydrothermal processes 
 
Autoclaving 
 

The autoclaving process yielded a significant (p<0.05) decrease in the PA content in all 
grains, as seen in Table 3. The wheat sample had the highest phytic acid content before and 
after the treatment. After autoclaving, the highest PA content among the grains was in wheat, 
whereas the lowest level was in the rye sample.  Among the legume samples, PA was at the 
same level in beans and chickpeas and higher than in the green lentil (p<0.05). 

An increase in MD, %, in both legumes and grains was achieved by autoclaving and the 
change was statistically significant (p<0.05) in all samples, except for rye. However, the 
digestibility of legumes was higher than cereals before autoclaving and this did not change 
after the treatment. Post-treatment digestibility rates of cereals were determined to be in the 
range from 52.23 to 62.19% and those of legumes was in the range from 75.50 to 83.95%. 
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Table 3 
Phytic acid contents (a) and digestibility rates (b and c) of the samples before and after 

autoclaving process 
 

(a) 
Sample 

 
Content fo phytic acid, mg/100 g 
Before After p value* 

Wheat 2471.87±0.31a 1553.13±2.43a 0.002 
Barley 2328.12±2.08b 1493.75±0.62c 0.000 
Rye 1715.62±1.10g 1490.63±1.81c 0.005 
Oat 2050.00±2.74c 1321.88±0.40d 0.000 
Paddy 1559.37±0.22h 1512.5±0.02 b 0.000 
Bean 1831.25±1.59d 1321.88±0.66d 0.001 
Chickpea 1806.25±0.88e 1315.63±0.13d 0.000 
Green lentil 1790.63±0.49f 1221.88±1.19e 0.001 

 
 

(b) 
Sample 

 
Mineral digestibility, % 

Before After p value* 
Wheat 45.38±4.60abc 53.23± 0.42d 0.034 
Barley 40.72±0.00bcd 54.15±1.01d 0.048 
Rye 45.70±0.42abc 52.86±1.08d 0.095 
Oat 36.24±2.01cd 61.52±0.96c 0.024 
Paddy 30.16±1.01d 62.19±0.31c 0.006 
Bean 53.83±1.89a 75.75±1.55b 0.045 
Chickpea 52.16±2.74ab 83.95±0.83a 0.017 
Green lentil 52.47±0.14ab 76.49±0.98b 0.026 

 
 

(c) 
Sample 

 
Protein digestibility, % 

Before After p value* 
Wheat 50.66±3.30def 66.37±0.14bc 0.006 
Barley 36.49±0.97de 60.59±1.26d 0.033 
Rye 53.81±3.19b 66.80±1.02bc 0.050 
Oat 40.54±0.10cd 60.32±1.30d 0.042 
Paddy 48.69±1.24bc 48.99±1.76e 0.893 
Bean 25.98±0.08e 60.27±1.36d 0.025 
Chickpea 77.29±2.24a 78.76±0.65a 0.265 
Green lentil 71.60±2.65a 72.95±0.07ab 0.033 
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PD, %, for all grain samples increased after the autoclaving. This increase was statistically 

significant (p<0.05) for all grains, except for paddy and chickpeas. A significant increase of 
the PD values was in barley and beans (Figure 3). The autoclaving process increased PD by 
132% in the bean, but only 2% increase was observed in the other legume samples. It was 
reported that autoclaving at 121 °C reduced the PD in legumes compared to boiling (Rehman 
and Salariya, 2005). Heat treatments increased the PD of legumes due to the removal of 
protease inhibitors prevented the absorption of proteins in the intestine, as well as the 
denaturation of the proteins (Mubarak, 2005). The results achieved in the present study 
corroborated the finding reported by Messina (2014) showed that heat treatment increased the 
nutritional bioavailability of beans. The autoclaving has an important effect in terms of MD 
and PD, especially considering that the legumes are generally cooked under pressure while 
preparing the foods. 
 

Boiling 
 

The boiling process significantly decreased (p<0.05) the PA content in grains, except 
paddy and chickpeas (Table 4).  

 
Table 4 

Phytic acid contents (a) and digestibility rates (b and c) of the of the samples before and after 
boiling process 

(a) 

Sample 
Content of Phytic acid, mg/100 g 
Before After p value* 

Wheat 2471.87±0.31a 1200.00±2.03c 0.001 
Barley 2328.12±2.08b 1231.25±2.56a 0.001 
Rye 1715.62±1.10g 1046.88±0.13g 0.000 
Oat 2050.00±2.74c 1109.38±0.75e 0.000 
Paddy 1559.37±0.22h 1137.50±0.53d 0.001 
Bean 1831.25±1.59d 1140.63±0.40d 0.000 
Chickpea 1806.25±0.88e 1218.75±2.30b 0.002 
Green lentil 1790.63±0.49f 1100.00±2.12f 0.002 

 
(b) 

Sample 
Mineral digestibility, % 

Before After p value* 
Wheat 45.38±4.60abc 57.67±1.70d 0.088 
Barley 40.72±0.00bcd 64.12±0.90cd 0.024 
Rye 45.70±0.42abc 57.46±1.74d 0.094 
Oat 36.24±2.01cd 68.75±0.57bc 0.011 
Paddy 30.16±1.01d 60.89±2.33d 0.048 
Bean 53.83±1.89a 75.94±1.05ab 0.030 
Chickpea 52.16±2.74ab 76.51± 1.11a 0.029 
Green lentil 52.47±0.14ab 75.99±0.57ab 0.015 
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(c) 

Sample Protein digestibility, % 
Before After p value* 

Wheat 50.66±3.30bc 55.81±1.29a 0.156 
Barley 36.49±0.97de 42.72±1.03b   0.104 
Rye 53.81±3.19b 58.68±1.17a 0.150 
Oat 40.54±0.10cd 25.52±1.22d 0.052 
Paddy 48.69±1.24bc 33.83±2.66bcd 0.113 
Bean 25.98±0.08e 32.55±2.12cd 0.199 
Chickpea 77.29±2.24a 55.01±1.20a 0.034 
Green lentil 71.60±2.65a 35.83±2.10bc 0.037 

 
* (P<0.05) means that the values statistically different in the 
same line 
**Different letters indicate significant differences (P<0.05) in 
the same column 

 
The highest PA content was in barley and the lowest one was in the rye. Moreover, it 

decreased in barley, wheat, and oats by 50%. In a study about the effects of cooking methods 
on the nutritional quality of some vegetables and legumes, soaking and cooking of the peas and 
beans were effective in removal or redudictioln of the antinutrients such as PA (Fabbri and 
Crosby, 2016). In the present study, the boiling process was more effective than the autoclaving 
in terms of PA degradation (Figure 1). The optimum temperature of the phytase enzyme is 45-
60℃ (Pandey, 2001) and its activity decrease at 60℃ (Yanke, 1999). Thus, the phytase enzyme 
degrades at the autoclaving temperature and it was less effective in terms of PA degradation. 
The boiling chickpeas at 100 ℃ for 90 min decreased PA by 28.93% (Alajaji and El-Adawy, 
2006). Singh et al. (2015) found that boiling for 40 min was effective in reducing the PA. The 
present case shows that the degradation of PA decreases due to the decrease of phytase enzyme 
activity if the heat treatment temperature and time applied to the grains increase. 

The increase in MD of the grains, except for wheat and rye, was statistically significant 
(p<0.05).The boiling process yielded approximately a 2-fold increase in the MD values for the 
oat and paddy samples. As a result, MD of legume samples was higher than for the cereal 
grains after the boiling process. PD values decreased in paddy, oat, chickpeas, and green lentils 
but increased in other samples. However, these changes were statistically non-significant for 
other cereals, except for the increase in chickpeas and green lentils (p>0.05). 
 

 
Effects of fermentation 
 
The initial level of PA level of cereal flour samples and the levels after the spontaneous 

fermentation were statistically significantly different (p<0.05) (Table 5). Since the initial PA 
conten in rice flour was already lower than that in the other grain flours, the fermentation 
slightly affected it. PA was at the level of 0.004% in the endosperm layer of rice (O’Dell et al., 
1972). This value is very low when compared to other grains. The fermentation of cereal flours 
gave high reduction rates in PA (Figure 1). The decrease in PA content was the lowest in rice 
flour, while the highest decrease in PA content was in barley flour (67%). Rizzello et al. (2012) 
reported that the addition of coarse bran to the wheat flour dough increased phytase enzyme 
activity by 2 times.  
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Table 5 
Phytic acid contents (a) and digestibility rates (b and c) of the flour samples before and after 

fermentation process 
 

(a) 
Sample 

 
Phytic acid, mg/100 g 

Before After p value* 
Wheat flour 1900.00±0.71a 662.50±0.18d 0.000 
Barley flour 1940.62±0.66b 639.06±1.52e 0.000 

Rye flour 1709.37±1.28d 678.12±0.09c 0.000 
Oat flour 1818.75±0.44c 714.06±0.24b 0.000 
Rice flour 921.87±0.49e 718.75±0.75a 0.002 

 
(b)  

Sample 

 

Mineral digestibility, % 

Before After p value* 

Wheat flour 49.61±0.49a 80.50±1.22a 0.025 

Barley flour 44.61±0.60a 82.53±1.23a 0.021 

Rye flour 58.30±1.20a 84.37±1.67a 0.041 

Oat flour 46.44±6.08a 81.71±0.12a 0.002 

Rice flour 58.35±2.86a 83.98±1.91a 0.047 

 
(c) 

 
Sample 

 

Protein digestibility, % 

Before After p value* 

Wheat flour 74.46±2.19a 80.22±0.37a 0.041 
Barley flour 65.19±2.85a 70.51±0.14d 0.017 

Rye flour 66.51±1.09a 74.13±0.46c 0.038 
Oat flour 65.63±1.41a 74.64±0.44c 0.031 
Rice flour 66.13±0.43a 77.39±0.32b 0.018 

 
 * (P<0.05) means that the values statistically different 

**Different letters indicate significant differences (P<0.05) in the same 
column 

 
 

This shows that cereal bran has a high phytase activity. In the present study, rice flour, 
which had lower phytase activity since it does not contain bran layer, presented less PA 
decrease by the fermentation. The phytase enzyme has broad substrate specificity and usually 
exhibits optimum activity in the range between pH 4.5 and 6.0 (Pandey et al., 2001). Leenhardt 
et al. (2005) showed that, due to the acidity formed by lactic acid bacteria in sourdough 
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fermentation, the pH dropped below 5.5 and the increased phytase activity decreased the PA 
content in wheat flour by 70%. In the present study, pH values were determined to be 4.5 in 
wheat flour, 4.6 in oat flour, 4.7 in rye flour, 4.6 in barley flour, and 4.1 in rice flour after the 
fermentation. Thus, the post-fermentation pH values of cereal flours reached an adequate 
acidity level of pH 4.0-6.0, where the phytase enzyme could show optimum activity and PA 
degradation occurred. 

The difference between initial MD values of cereal flours was statistically non-significant 
(p>0.05). It was determined that there was a significant (p<0.05) increase in MD after 
spontaneous fermentation for all flour samples. Because of fermentation of the barley flour 
having the lowest MD, its digestibility increased by approximately by 2 times.  

The differences between the initial PD values of flour samples were statistically non-
significant. Increases in PD after fermentation were, however, statistically significant (p<0.05). 
It is known that the lactic acid bacteria had also protease activity, and they activated the 
endogenous enzymes naturally found in the cereals through the organic acids, which are 
important metabolites produced during fermentation. Because of both direct and indirect 
protease activities in the dough, content of proteins decreased and water-soluble nitrogenous 
substances and PD increased (Gobbetti et al., 2014).  Furthermore, it was indicated that the free 
amino acid levels in the medium increased as a result of the breakdown of proteins (Hansen 
and Schieberle, 2005). 

 
 

Conclusion 
 
Examining all the processes applied in the present study together, it can be said that 

germination and fermentation processes are the most effective methods. In general, all the 
processes reduced the amount of phytic acid, which is an important antinutrient. Some of these 
methods are already used in the preparation of cereals and legumes as food. Therefore, soaking 
of chickpeas and beans, boiling them in water, and then cooking not only softens the grain but 
also reduces the level of phytic acid and increases mineral and protein digestibilities. The 
combination of heating, fermentation, autoclaving, and other processes used in the present 
study, which affect via the change of chemical structure, the formation of insoluble complexes, 
and degradation of phytic acid can be suggested as a treatment that resulted in the significant 
reduction of the content of PA.  
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