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Abstract 

 

Dietary quality is an important limiting factor for proper nutrition in many resource poor settings, with a major concern, 

micronutrient bioavailability. High content of phytate present in soybean (Glycine max. L) chelates divalent essential mineral ions 

and reduces its bioavailability and thus dictates the nutritional role of this wonder crop. In this study, the changes in phytate, phytase 

activity and bioavailability of essential minerals (Fe2+, Zn2+,Ca2+) were investigated using various colorimetric assays, AAS and 

functionally validated using  an in vivo simulation model in two Indian cultivars, Pusa 9712 and Kalitur after soaking and 

germination. Phytate-mineral ratio, another parameter for bioavailability was also analyzed. Phytate content was reduced to 10-13% 

after 12 hrs of soaking and a further reduction to 46-65% was observed after 72 hrs of germination in Kalitur and Pusa 9712, 

respectively. Phytate being mainly hydrolyzed by phytase, we observed a six-fold increase in its activity after 72 hrs of germination, 

compared to control. Considering the dietary role, using an in vivo mimicking approach, a significant increase in the bioavailability 

of Fe2+(8-21%), Zn2+ (7-18.5%) and Ca2+ (8-24%) in Kalitur and 9-27% (Fe2+), 9-25% (Zn2+) and 9-23% (Ca2+) in Pusa 9712, 

respectively was observed after 72 hrs of germination. A negative correlation (p ≤ 0.05) was observed between phytate and mineral 

bioavailability in sprouted soybean seeds. Thus soybean sprouts enhance the nutritional quality by lowering the anti-nutrient contents 

and increasing the bioavailability of minerals. 

Keywords: endogenous phytase; in vivo – simulation; molar ratios; phytic acid.  

Abbreviations: AAS_Atomic Absorption Spectrometry; DW_Dry Weight; PU_Phytase Unit. 

 

Introduction 

 

In resource-poor communities it has become clear that, 

malnutrition is attributable not solely to insufficient amounts 

of food but also due to poor nutritional quality of the 

available food supply particularly among plant-based diets as 

it contains only very small amounts of bioavailable 

micronutrients (Hotz et al., 2007). Legumes are an 

inexpensive and nutrient rich source of various low glycemic 

index carbohydrates, macronutrients (proteins, 

carbohydrates) and micronutrients (Fe2+, Zn2+and Ca2+) and 

hence preferred by both vegetarians and non-vegetarians. 

Among them, soybean (Glycine max L.) is the richest source 

of protein, essential amino acids and various dietary 

components and is suitable for all ages, infants to the elderly. 

Soybeans have attracted the most scientific interest, mainly 

because they are a unique source of phytoestrogens like 

isoflavones and have been related to lowering the cholesterol 

levels, anti-cancerous properties and reducing risk for cardiac 

diseases (He et al., 2013; Murphy et al., 2003). Unfortunately 

from a dietary perspective, soybean is nutritionally dictated 

mainly due to poor bioavailability due to the presence of anti-

nutritional factors such as phytic acid. These mineral 

deficiencies are major public health threat worldwide and 

especially in developing countries like India. Phytate is a 

principal storage form of phosphate, ubiquitously distributed 

in plants, particularly in legumes and cereals. The effects of 

phytate in human and animal nutrition are related to the 

interaction of phytate with proteins, vitamins and several 

minerals and there by restrict their bioavailability, which is 

defined as the proportion of the minerals that can be absorbed 

and  utilized  within  the  body  (Lestienne-Besancon  et   al.,  

 

2005) Bioavailability of minerals are determined by 

measuring the molar ratio of phytate/minerals in the food and 

diet or precisely using in vivo studies (Afify et al., 2011). 

Larsson et al., 1997 reported that solubility of minerals, 

dietary factors, pH of intestinal lumen and residence time at 

the absorption site are the various factors affecting the 

bioavailability of minerals. Household strategies aim to 

increase the physiochemical accessibility of micronutrients, 

decrease the content of anti-nutrients such as phytate or 

increase the content of compounds that improve 

bioavailability. A combination of strategies is probably 

required to ensure a positive and significant effect on 

micronutrient adequacy. In view of tackling these anti-

nutritional effects of phytate many attempts were carried out 

like activating indigenous enzyme phytase, addition of 

microbial phytase or silencing genes in phytate biosynthetic 

pathway (Kumari et al., 2012). Soaking usually forms an 

integral part of processing methods such as germination, 

fermentation, cooking, dehulling and toasting using different 

media like water, salts or alkali solutions. Phytate being water 

soluble, a significant reduction can be realised by discarding 

the soaked medium. Germination is a widely used process in 

legumes to increase its palatability and nutritional value. 

During germination, a marked increase in phytate degrading 

activity with a concomitant decline in phytate content was 

also observed (Kumar et al., 2010).  Soaking of soybean, 

millets, maize, mung bean and sorghum at 300C for 24 hrs 

have been reported with a reduction in phytic acid content by 

4–51%. Mahgoub and Elhag (1998) observed that soaking 

sorghum  at  room  temperature  for  24  hrs and germinating  

 



1169 

 

    Table 1. Effect of soaking and germination methods on phytic acid P and phytic acid content of soybean varieties. 

Samples 
Phytic acid P content 

 (mgKg-1) 

Inorganic phosphorus 

(mgKg-1) 
Phytic acid content (mgKg-1) Phytic acid (%) 

Kalitur   

Control (Raw dry) 8.14a ×10-3± 0.05 0.90a ×10-3± 0.02 28.90a ×10-3± 0.06 2.89a ± 0.06 

12 h. soaked 7.10b×10-3 ± 0.04 1.01b ×10-3± 0.01 25.20b×10-3 ± 0.05 (-13) 2.52b ± 0.05 

Germination        

24 h. 6.06c×10-3 ± 0.06 1.13c ×10-3± 0.03 21.50c×10-3 ± 0.06 (-26) 2.15c ± 0.08 

48 h. 4.96d×10-3 ± 0.03 1.25d ×10-3± 0.04 17.60d ×10-3± 0.04 (-39) 1.76d ± 0.05 

72 h. 2.82e×10-3 ± 0.04 1.43e ×10-3± 0.02 10.03e ×10-3± 0.04 (-65) 1.00e ± 0.04 

Pusa 9712   

Control (Raw dry) 6.34a ×10-3± 0.4 1.07a ×10-3± 0.02 22.50a×10-3 ± 0.04 2.25a ± 0.05 

12 h. soaked 5.72b ×10-3± 0.05 1.17b ×10-3± 0.05 20.30b ×10-3± 0.05 (-10) 2.03b ± 0.05 

Germination        

24 h. 4.87c ×10-3± 0.03 1.34c ×10-3± 0.03 17.30c ×10-3± 0.08 (-23) 1.73c ± 0.08 

48 h. 4.08d ×10-3± 0.02 1.43d ×10-3± 0.02 14.50d ×10-3± 0.09 (-36) 1.45d ± 0.09 

72 h. 3.21e ×10-3± 0.04 1.52e ×10-3± 0.01 11.40e ×10-3± 0.08 (-49) 1.14e ± 0.09 

*Values are mean ± SD of three determinations. Different superscripts in the same column among Kalitur and Pusa 9712 with different letters are significantly (P< 0.05) 

different. Figures in parentheses indicate percent decrease (-) over control values. 

 

 
Fig 1. Effect of soaking and germination of soybean seeds on phytate – Fe2+, Zn2+ and Ca2+ molar ratios. 

 

further for 4 days reduced the phytic acid levels by 16–21% 

and 68–87% respectively. Studies conducted by Hotz et al. 

(2001) showed a reduction in phytate content by 51% after 

soaking for 1 hr at room temperature. Badau et al. (2005) 

reported that, with 96 hrs of germination time, HCl-

extractability of Ca2+, Fe2+ and Zn2+ in pearl millet increased 

by 2–16%, 15–45% and 12–25%, respectively.  

Considering the prevalence of malnutrition in India, there is 

a need for developing cost effective, simple and less time 

consuming processes to utilize crops like soybean, which are 

a potential source of proteins, carbohydrates, minerals and 

various nutraceuticals. In contradiction, the other side of the 

coin says ‘India is gaining weight’, and thus raw foods and 

sprouts are also major attractions in the grocery shelves. 

Several studies have reported that there is an increased 

demand for sprouts with lowered levels of anti-nutrients and 

enhanced antioxidants in the current diet conscious society 

(Sokrab et al., 2012). Since the health benefits of improving 

the bioavailability of minerals in soybean are considerable, 

we have undertaken the present study to estimate the changes 

in the levels of phytate, phytase activity, total mineral 

content, phytate-mineral molar ratios and also the an in vivo 

bioavailability of Ca2+, Fe2+ and Zn2+ ions in soybean as a 

functional study during soaking and germination at various 

time intervals up to 72hrs. 

 

 

 

Results and Discussion 

 

Effect of soaking and germination on phytic acid and 

phytase activity 

 

Phytic acid and phytic acid phosphorus contents were 

analyzed in raw dry soybean seeds, 12 hrs soaked seeds and 

in germinated (24 hrs, 48 hrs and 72 hrs) soybean (Table 1). 

Phytic acid and phytic acid phosphorus contents were higher 

in Kalitur (0.0289 mgKg-1 and 0.0081 mgKg-1) as compared 

with Pusa 9712 (0.022 mgKg-1and 0.00634 mgKg-1). The 

values of the phytate content before and after treatment 

shown in (Table 1) are close to those reviewed by Raboy and 

coworkers (1984). Depending on the amount of plant derived 

foods in the diet and the grade of food processing, the daily 

intake of phytate can be as high as 4500 mg. On an average, 

daily intake of phytate was estimated to be 2000-2600 mg for 

vegetarian diets as well as diets of inhabitants of rural areas 

in developing countries and 150-1400 mg for mixed diets 

(Reddy et al., 2002). Soaking and germination being integral 

parts of traditional methods of processing legume seeds in 

India before their consumption offer dual advantage of saving 

energy costs by shortening cooking time as well as by 

removing certain anti-nutritional factors like phytic acid, 

tannin, trypsin inhibitor and so on. 
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Table 2. Effect of soaking and germination methods on phytase activity in soybean varieties.  

Varieties Control (Raw dry) 12 hrs Soaked 
Germination 

24 hrs 48 hrs 72 hrs 

Kalitur ND 0.22d ± 0.02 0.43c ± 0.02 0.58b ± 0.02 0.73a ± 0.04 

Pusa 9712 ND 0.18d ± 0.03 0.38c ± 0.03 0.52b ± 0.02 0.65a ± 0.03 
** Values are mean ± SD of three determinations. All mean scores bearing different superscripts in rows are significantly different (P< 0.05). 

* 1 Phytase unit (PU) is equivalent to the enzymatic activity which liberates 1 µmol inorganic phosphorous min-1. (ND- Not Detected) 

 

 In house hold situations legumes are typically soaked 

overnight in water at room temperature. In the present study 

it was observed that phytic acid content in both Kalitur and 

Pusa 9712 decreased by 10-13% during the 12 hrs soaking 

period and further down to levels which were 49-65% of the 

basal levels of dry seeds after 72 hrs of germination. These 

findings are in range with those reported in the previous 

studies, which found that soaking, germination, mashing, 

boiling and fermentation strongly reduced the phytate content 

(Allen et al., 1997). Significant reductions(p ≤ 0.05) in the 

concentrations of phytic acid after 72 hrs of germination were 

high in Kalitur (65%) as compared with Pusa 9712 (49%). In 

general the decrease in phytic acid and phytic acid P showed 

a consistent trend, 72 hrs sprouts > 48 hrs sprouts > 24 hrs 

sprouts > 12 hrs soaked seeds > raw dry soybean seeds 

(Table 1). A decrease in phytate levels by 8% and 31% was 

observed in mung bean when soaked for 6 hrs and 18 hrs 

respectively (Kataria et al., 1989). Grewal and Jood, (2006) 

also reported a reduction of approximately 19% in phytic acid 

levels in green gram seeds when soaked for 12 hrs.  The 

magnitude of reduction induced by soaking in this study can 

be explained by its leaching out into the soaking medium 

under a concentration gradient or by partial hydrolysis by 

endogenous phytase (Shimelis and Rakshit, 2007). The 

reduction in phytate caused by soaking could also be due to 

water solubilization of some phytic acid salts. During 

germination, phytins are generally broken down by 

endogenous phytase activity, releasing their P, myo-inositol 

and minerals for use by the seedlings (Raboy et al., 1990). 

Various studies in soybean and other legumes also implicated 

the reduction in phytate levels due to enzymatic changes 

during seed germination (Ibrahim et al., 2002; Khattak et al., 

2007).  Soaking of soybean seeds  for 12 hrs and their 

germination for 24 hrs, 48 hrs and 72 hrs was carried out with 

an aim to study the changes in the total phytase activity in the 

seeds of Kalitur and Pusa 9712 (Table 2). Phytase activity 

increased significantly (p ≤ 0.05) on soaking and 

germination. It was found to be absent in the unsoaked seeds 

but in 12 hrs soaked cotyledons an activity of 0.11 PU/g DW 

and 0.14 PU/g DW was observed in Pusa 9712 and Kalitur 

respectively. Mandal and Biswas, 1972 also reported the 

absence of phytase activity in the unsoaked raw seeds of 

mung bean. The appearance of the activity in 12 hrs soaked 

seeds was followed by an increase, reaching its maximum at 

72 hrs. During germination a significant increase (p ≤ 0.05) 

in the phytase activity 0.65 PU/g DW and 0.73 PU/g DW was 

observed in Pusa 9712 and Kalitur, respectively, after 72 hrs 

of germinations. Increased phytase activity in soybean and 

white bean at 72 hrs of germination was also reported by Egli 

et al., 2002. The observations of the present study reinforce 

the previous results observed by Gibson and Ullah (1998). 

The inverse relationship between phytase activity and phytic 

acid hydrolysis was thus confirmed in the germinating 

soybean seeds in this study and the observations were in 

agreement with the findings of Marero et al, 1991 who had 

reported the degradation of phytate in foods by the addition 

of phytases or by the activation of endogenous phytase by a 

combination of processes like soaking, germination and 

fermentation. Since humans have negligible intestinal phytase  

 
 

 
 

 
 

Fig 2. Each Fig must have a general legend and the (A), (B), 

(C) etc. be explained separately in the legends. Fig legends 

must be more informative (A-C). A significant (P<0.05) 

negative correlation of phytic acid with in-vivo bioavailability 

of Fe2+, Zn2+ and Ca2+ was observed. 
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     Table 3. Effect of soaking and germination methods on total Fe2+, Zn2+ and Ca2+. 

Samples 
Fe2+ 

(mg Kg-1) 

Zn2+ 

(mg Kg-1) 

Ca2+ 

(mg Kg-1) 

Kalitur 
   

Control (Raw dry) 1.620a ± 0.6 1.080a ± 0.6 29a ± 1 

12 hrs. soaked 1.540b ± 0.4 (-5) 1.030b ± 0.7 (-5) 27.8b ± 2 (-4) 

Germination 
   

24 hrs. 1.536b ± 0.8(-5) 1.028b ± 0.6 (-5) 27.6b ± 1 (-5) 

48 hrs. 1.520b ± 0.2 (-6) 1.018b ± 0.8 (-6) 27.2b ± 2 (-6) 

72 hrs. 1.502c ± 0.3 (-7) 0.993c ± 0.6 (-8) 26.8c ± 3 (-8) 

Pusa 9712 
   

Control (Raw dry) 1.330a ± 0.4 0.562a ± 0.5 28.2a ± 2 

12 hrs. soaked 1.286b ± 0.6 (-3) 0.539b ± 0.6 (-4) 27.3b ± 1 (-3) 

Germination 
   

24 hrs. 1.278b ± 0.5 (-4) 0.537b ± 0.4 (-4) 27.1b ± 1 (-4) 

48 hrs. 1.258bc ± 0.8 (-5) 0.534b ± 0.3 (-5) 26.7b ± 2 (-5) 

72 hrs. 1.244c ± 0.6 (-6) 0.526c ± 0.4 (-6) 26.3c ± 2 (-6) 

*Values are mean ± SD of three determinations. Different superscripts in the same column among Kalitur and Pusa 9712 with different letters are significantly (P< 0.05) 

different. Figures in parentheses indicate percent decrease (-) over control values. 

 

         Table 4. Effect of soaking and germination methods on in-vivo bioavailability of Fe2+, Zn2+ and Ca2+. 

Samples Fe2+ (%) Zn2+ (%) Ca2+ (%) 

Kalitur 
   

Control (Raw dry) 8.03e ± 0.08 7.32e ± 0.07 8.1e ± 2 

12 hrs. soaked 15.8d ± 0.06(+3) 10.9d ± 0.08(+5) 13.8d ± 1(+4) 

Germination 
   

24 hrs. 17.8c ± 0.05(+19) 12.8c ± 0.04(+22) 18.7c ± 2(+12) 

48 hrs. 19.9b ±0.07(+27) 15.2b ± 0.10(+28) 21.2b ± 1(+19) 

72 hrs. 21.3a ± 0.13(+33) 18.5a ± 0.12(+36) 23.8a ± 3(+26) 

Pusa 9712 
   

Control (Raw dry) 9.1e ± 0.11 8.9e ± 0.08 9.13e ± 3 

12 hrs. soaked 18.8d ±0.09 (+3) 17.4d ± 0.09(+2) 14.6d ± 2(+4) 

Germination 
   

24 hrs. 21.7c ± 0.06(+16) 19.2c ± 0.11(+12) 18.2c ± 1(+11) 

48 hrs. 25.3b ± 0.08(+24) 21.8b ± 0.06(+19) 21.8b ± 2(+18) 

72 hrs. 27.2a ± 0.05(+29) 25.2a ± 0.15(+28) 23.2a ± 2(+25) 

* Values are mean ± SD of three determinations. Different superscripts in the same column among Kalitur and Pusa 9712 with different letters are significantly (P< 0.05) 

different. Figures in parentheses indicate percent increase (+) over control values. 

 

activity (Iqbal et al., 1994), though they usually consume 

high phytate diets, it becomes important to recognize and 

account not only for the phytase activity, but also for 

activities of other phosphatases present in the plant material 

in order to understand the phytate hydrolysis in their gut.  

 

Effect of soaking and germination on total mineral (Fe2+, 

Zn2+ and Ca2+) content and phytate-mineral molar ratios 

 

Soaking of raw dry soybean for 12 hrs, resulted in a decrease 

of 3-5%, 4-5% and 3-4% respectively in the levels of Fe2+, 

Zn2+ and Ca2+ (Table 3). A further significant reduction (P< 

0.05) in the levels of the three minerals under study was 

observed after germination of the soaked seeds (Table 3). The 

loss in the mineral content on soaking may be attributed to 

leaching of these minerals into the soaking medium (Kumar 

et al., 1978). The reduction was however less after 72 hrs of 

germination in the Fe2+, Zn2+ and Ca2+ contents (5- 6%, 6- 

8% and 7-8% respectively) in soaked-germinated soybean 

seeds. Germination itself as well as the period of germination 

had no significant effect on the loss of total contents of Fe2+, 

Zn2+ and Ca2+ as the percent loss observed in all these was 

almost constant with the increase in the period of germination 

(Table 3). Hence, the loss observed may be due to soaking 

and washing during germination and not due to the 

germination period. The values obtained in the present study 

were consistent with those reported earlier in bean bulgar 

(Ertas et al., 2012). The effect of soaking and germination on 

phytate/ Fe2+, phytate/Zn2+ and Phytate/Ca2+  molar ratios in 

both varieties of soybean were determined (Figure 1). The 

phytate-mineral molar ratio is assumed to be as a critical 

indicator for mineral bioavailability. Phytate/Fe2+, phytate/ 

Zn2+ and phytate/Ca2+ molar ratios were associated with their 

absorption capacities. It could be noticed that the 

phytate/Fe2+, phytate/Zn2+ and phytate/Ca2+ molar ratios in 

control seeds of Kalitur were 15.1, 26.3 and 0.59, 

respectively, and Pusa 9712 were 14.3, 39.4 and 0.48, 

respectively. Molar ratios of these essential minerals after 

soaking and germination decreased upto 63% (Fe2+), 62% 

(Zn2+) and 63% (Ca2+) in Kalitur and upto 45.85% (Fe2+), 

45% (Zn2+), and 45.8% (Ca2+) in Pusa9712. Hence the ratio 

entirely depends on the phytate content, an obvious 

maximum decrease was observed in black than yellow 

soybean after germination. Kayode et al. (2006) calculated 

the phytate/Fe2+ and phytate/Zn2+ molar ratios as an index for 

the potential mineral bioavailability. Also, phytate was 

hydrolyzed during germination, so that Fe2+ solubility under 

simulated physiological conditions was greatly increased. It 

is somewhat difficult to predict the overall impact of soaking 

or germination on Fe2+ solubility. Soaking or germination 

might be effective in reducing the phytate content of which 

showed the decrease in molar ratios. Even though molar 

ratios are an indirect way of analyzing mineral 

bioavailability, in vivo studies are necessary to get a clear 

picture. 
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Effect of soaking and germination on bioavailable essential 

minerals (Fe2+, Zn2+ and Ca2+) using in vivo simulation 

model 

 

In vivo Fe2+, Zn2+ and Ca2+ bioavailability before and after 

soaking and germination are shown in Table 4. The Fe2+, 

Zn2+ and Ca2+ bioavailability ranged between 8.03-9.1%, 

7.32-8.9% and 8.1-9.13% respectively for raw soybean seeds. 

The in vitro Fe2+ bioavailability after soaking increased to 

15.8% and increased further during germination to 17.8% (24 

hrs), 19.9% (48 hrs) and 21.3% (72 hrs) in Kalitur. A similar 

increasing trend was also observed in Pusa 9712 with an 

initial of 9.1% Fe2+ bioavailability in raw form, to about 

18.8% in 12 hrs soaked seeds, 21.7% (24 hrs), 25.3% (48 hrs) 

and   a maximum of 27.2% after 72 hrs of germination. The 

improved bioavailability of Fe2+ after soaking and 

germination are in agreement with the findings of Henriksen 

et al, (1985) who reported that food processing treatments 

such as heating, baking, fermentation, soaking and milling 

may enhance Fe2+ availability. Also, the phytase enzyme 

breaks down inositol hexa and penta-phosphates, which 

inhibit Fe2+ absorption, to smaller inositol phosphates and 

inorganic phosphate, which do not have any effect on Fe2+ 

absorption. Two common inhibitors of Fe2+ absorption are 

tannins and phytates. Certain tannins and other polyphenols 

may also reduce during germination process as a result of 

formation of polyphenol complexes with proteins and also 

cause gradual degradation of oligosaccharides. Such 

reduction in polyphenols may facilitate Fe2+ absorption. 

Processing techniques have been found to reduce significant 

levels of phytates and tannins by exogenous and endogenous 

enzymes formed during processing. The bioavailability% of 

Zn2+ increased from 7.32% (raw form), to 10.9% (12 hrs 

soaking) and to 12.8% and 15.2% after 24 hrs, 48 hrs of 

germination respectively. A maximum of 18.5% was 

however observed after 72 hrs of germination in Kalitur. A 

similar pattern of increase in Zn2+ bioavailability% was seen 

in Pusa 9712. An initial of 8.9% bioavailability was observed 

in the raw seeds, which increased to 17.4% after 12 hrs 

soaking and further scaled upto 19.2% (24 hrs), 21.8% (48 

hrs) and 25.2% after 72 hrs of germination. The dietary 

mineral, Zn2+ also gets chelated by the anti-nutritional factors 

reducing its bioaccessability and bioavailability. Vegetarian 

meals have poor bioavailability of Zn2+. Further, in Indian 

cooking processes, the main inhibitory factor of Zn2+ 

bioavailability, phytate, gets partially degraded and may not 

remain as a strong inhibitor (Agte et al., 1999). Among these 

divalent ions, in vitro and animal experiments have 

implicated Ca2+ as a potentiating factor because it reacts with 

phytate, and further binding of Zn2+ ions to these complexes 

causes precipitation. The bioavailability % of Ca2+ increased 

from 13.8% (12 hrs soaked) to 18.7% after 24 hrs of 

germination, which further improved to 21.2% (48 hrs) and 

23.8% (72 hrs) after extended germination periods in Kalitur. 

Pusa 9712, following a similar trend showed an initial rise of 

14.6% after 12 hrs of soaking and further rose to 18.2% (24 

hrs), 21.8% (48 hrs) and 23.2% (72 hrs) in the subsequent 

germination periods. Previously assumed that fiber negatively 

affects the Ca2+ balance by physical entrapment or by 

cationic binding, but it is more likely that the phytate 

associated with fiber rich products probably affects Ca2+ 

absorption. Studies conducted focusing on improving the 

protein quality of legumes by soaking also showed that pH of 

the soaking solution favors Ca2+ absorption (Teresa et al., 

2003). We observed that germination had a beneficial effect 

on the bioavailability of Fe2+, Zn2+ and Ca2+ and followed a 

consistent trend during the germination periods.  The low 

extractability of divalent cations in raw seeds can be 

attributed to their covalent association with phytic acid which 

constitutes about 2.2 to 2.8% of the total dry wt. of the 

soybean seeds. Decrease in the levels of phytic acid by 

soaking and germination as reported by previous workers 

(Salunkhe et al., 1986) as well as in the present study, may 

possibly release these metallic ions in the free form and 

account for their increased bioavailability. As Kumari et al. 

(2014) also find a significant and a negative correlation 

between PA and iron (r= 0.8) in the low phytic acid mutant 

lines. A significant (P< 0.05) negative correlation of phytic 

acid, with the bioavailability of Fe2+, Zn2+ and Ca2+ observed 

in the present study strengthens our findings and clearly 

underlines the role of phytic acid in lowering the 

extractability of divalent cations (Figure 2A - C). 

 

Materials and Methods 

 

Materials 

 

Seeds of soybean varieties, Kalitur and Pusa 9712 were 

obtained from the Pulse Laboratory, Division of Genetics, 

IARI, New Delhi. The seeds were carefully cleaned and freed 

from broken seeds and extraneous matter. Pepsin, pancreatin 

and lipase were purchased from Sigma – Aldrich Chemical 

Co. (St. Louis, USA) and bile extracts from Win Lab 

laboratory chemicals reagents (Mumbai, India). All other 

chemicals used were of analytical reagent grade. 

 

Soaking of seeds 

 

Seeds were soaked in distilled water for 12 hrs at room 

temperature (28°C± 20C) with a ratio 1:10 w/v and the 

soaked water changed twice for 12 hrs. The soaked seeds 

were drained and dried at 45±5°C. Dried seeds were milled in 

a laboratory mill to obtain fine flour and kept at -20°C until 

analysis. Un-soaked (Raw dry) seeds were used as control. 

 

Germination of seeds 

 

To correlate the role of phytase in hydrolysing phytic acid, 

soaked seeds were germinated (sprouting) by placing 

between thick layers of cotton cloth at room temperature 

28±2°C for a period of 24 hrs, 48 hrs and 72 hrs. Germinated 

seeds were frozen for 12 hrs to stop the germination process. 

After thawing at room temperature, the seeds were dried in an 

electric hot air oven at 45±5°C and were milled to obtain fine 

flour and stored at -20°C until analysis. Un-soaked (Raw dry) 

seeds were used as control. 

 

Estimation of phytic acid 

 

Phytic acid (phytate) was measured by an assay procedure 

specific for the measurement of phosphorus released, based 

on the available phosphorus from phytic acid, myo-inositol 

(phosphate)n and monophosphate esters by phytase and 

alkaline phosphatase using the Phytic Acid/ Total Phosphorus 

Assay Kit (Megazyme, Ireland), (detail description is given 

as supplementary). 

 
Phytase activity assay 

 

Phytase was extracted from seed samples using 0.2M citrate 

buffer (pH 5.5), centrifuged and filtered. 0.2 ml of filtered 

extract was incubated with 1% sodium phytate for 15 min at 

37ºC. Reaction was diluted, mixed with colour reagent for 

determining free-phosphorous concentration. 1 Phytase Unit 
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(PU) was defined as the activity that releases 1 µmol of 

inorganic phosphorous from sodium phytate per min. 

 

Total Fe2+, Zn2+ and Ca2+ determination 

 

One gram of ground sample was mixed with 25 ml diacid 

mixture (HNO3:HClO4; 9:4 v/v) and incubated overnight. 

The next day mixture was digested by heating till clear white 

precipitate settled down at the bottom. The crystals were 

dissolved by diluting in double distilled water. The contents 

were filtered through Whatman # 42 filter paper. The filtrate 

was made up to 50 ml with double distilled water and was 

used for determination of total Fe2+, Zn2+ and Ca2+. The 

samples, which were digested in a diacid solution of HNO3 

and HClO4, were passed through the Atomic Absorption 

Spectrometry (ECIL, AAS 4141) system and calibrated for 

Fe2+, Zn2+ and Ca2+. 

 

Phytate- Mineral molar ratios determination 

 

The mole of phytate and minerals was determined by 

dividing the weight of phytate and minerals with its atomic 

weight according to Afify et al, 2011.  

 

Bioavailable Fe2+, Zn2+ and Ca2+ determination using in 

vivo simulation model 

 

The bioavailability of Fe2+, Zn2+ and Ca2+ were determined 

by the in vitro digestion method described by Kiers et al, 

(2000). Triplicate samples (5g) were suspended in 30 ml 

distilled water and digested under simulated gastrointestinal 

conditions, subsequently using alpha amylase solution, 

stomach medium consisting lipase and pepsin, and pancreatic 

solution consisting of pancreatin and bile. After digestion, the 

suspension was centrifuged at 3600 g for 15 min. The 

supernatant was decanted and the pellet was discarded. The 

supernatants were pooled and filtered through a 0.45 mm 

filter. A blank was included consisting of 30 ml distilled 

water digested and filtered as described above. Both filtered 

supernatants from sample and blank were analyzed for Fe2+, 

Zn2+ and Ca2+. Samples were corrected for added reagents/ 

water by subtracting Fe2+, Zn2+ and Ca2+ contents of the 

blank from that of supernatants from samples. Fe2+, Zn2+ and 

Ca2+content were measured by using the Atomic Absorption 

Spectrophotometer. The amounts of Fe2+, Zn2+ and Ca2+ (in 

supernatant) were regarded as soluble minerals. Percentage of 

soluble mineral was calculated as bioavailability %. 

Bioavailability % = Amount of Fe2+, Zn2+ and Ca2+ 

(supernatant) – amount of Fe2+, Zn2+ and Ca2+ (blank) / 

amount of Fe2+, Zn2+ and Ca2+in undigested sample X 100. 

 

Statistical analysis 

 

Each experiment was carried out with three experimental as 

well as three technical templates. For the analytical data, 

mean values and standard deviations are reported. The data 

was subjected to t-test analysis using SAS software program 

and difference between the means was compared by the 

Duncan’s Multiple Range Test at (p ≤ 0.05).  

 

Conclusion 

 

Soaking and germination methods can thus prove beneficial 

in lowering the phytic acid content and improving the 

bioavailability of dietary essential minerals in soybean. The 

reduction in phytic acid content in soaked and germinated 

soybean seeds has been found to be associated with an 

increase in the endogenous phytase activity. Once the phytate 

content is significantly reduced by these simple and 

traditional processes, soybean would become a potential 

source of proteins, carbohydrates and minerals. Hence, for 

proper utilization of soybean, especially in developing 

countries, these methods should be followed, as they not only 

save time, energy and fuel consumption but also enhance the 

nutritional quality of the soybean by lowering the content of 

anti-nutrients and increasing the bioavailability of the 

minerals. To be sustainable, a variety of interventions like 

these are appropriate for rural and low income groups and 

need to be considered to overcome the existing limitations. 
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