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Abstract 
Rice (Oryza sativa L.) which belongs to the family of grasses, Poaceae, is the main food source for more 
than two-third of the world’s population especially in Southeast Asia. Nutrient paucity due to 
unavailability of quality food sources is a major impediment to the progress in improvement in the field 
of human nutrition. Phytic acid is a major anti nutritional factor that binds with cationic nutrients like 
zinc and iron, and makes them unavailable for human intestinal absorption. Iron is the important nutrients 
required for human growth and development. This study was aimed to know the effect of soaking on 
phytic acid contents. Minimum phytic acid measured in the Sarjoo-52 was 5.61 g/kg and maximum 

phytic acid measured in the Swarna was 9.12 g/kg followed by NDR-359 was 8.05 g/kg. After processing 
in case of after soaking minimum phytic acid content measured in the Sarjoo-52 was 3.63 g/kg and 
maximum phytic acid content in parents after soaking measured in Swarna was 6.76 g/kg. Minimum 
phytic acid content after germination measured in the Sarjoo-52 was 3.08 g/kg and maximum phytic acid 
content in parents after germination measured in Swarna was 6.05 g/kg. The soaking treatment reduced 
the inherent phytic acid content in seeds of rice. The highest iron was obtained in sarjoo-52 (24.15 ppm) 
and lowest obtained in swarna (12.48 ppm). 
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Introduction 
Rice grain is the staple food for more than half of the world’s population and grows in more 
than 100 countries. The top 10 rice producing countries in the world today 

are India, China, Indonesia, Bangladesh, Thailand, Vietnam, Burma, Philippines, Cambodia, 

and Pakistan. China, India, Indonesia, Bangladesh, Thailand, and Vietnam produce about 80 

percent of the world rice production. Among the rice producing countries, India ranks second 

in total production (90.00 million tonnes) next to China (184.25 million tonnes) with an 

average productivity of 3.09 t/ ha-1 (FAO, 2013) [8]. Nutrient deficiencies have plagued the 

world’s population from ancient days. The number and proportion of undernourished people in 

the world is estimated to be 870 million and 13% of the population respectively (WHO report, 

2014) [47].  

In the last few years, food scientists have laid an emphasis on the effects of mineral nutrient 

deficiencies and it has become increasingly evident that the lack of minerals may have 
similarly severe negative consequences on human health (Bouis 2000) [5]. These deficiencies 

have major negative effects on human health, and development; working ability and quality of 

life (Welch and Graham 2004; Shailen et al., 2005; Anne and Paula 2006; White and Brown, 

2010) [43, 38, 1, 46]. Although micronutrient requirement is very small, every one in three humans 

worldwide is not getting enough quantity, especially the poor, women and children (Gibson 

1994; Ramakrishna et al., 2006) [32].  

Phytic acid (PA) or myo-inositol hexaphosphate is a strong chelator of multivalent metal ions, 

especially iron, zinc and calcium (Hurrel, 2004) [15]. For many years, phytic acid was 

considered an antinutritional compound because it reduces the bioavailability of several 

minerals important for human nutrition (Bohn et al., 2007; Li et al., 2008; Schelemmer et al., 

2009) [4, 37]. However, since the 1990s, phytic acid has been scientifically emphasized for its 

beneficial effects on human health, particularly in the prevention of diabetes (Lee et al., 2006) 
[21], Renal calculi (Saw et al., 2007) [35], Parkinson’s disease (Xu et al., 2008) [48] and cancer 

(Vucenik and Shamsuddin, 2006). The application of 0.50% PA acid rice bran added to the 

drinking water after tumor induction, reduced the risk of colon cancer in rats (Norazalina et al., 

2009). Its antioxidant effect, described by several researchers (Lee and Hendricks, 1995; 

Soares et al., 2004; Stodolak et al., 2007; Harbach et al., 2007) [22, 39, 40, 12], is due to its ability 

to inhibit the formation of hydroxyl radicals and to form chelates with Fe2+ ions, causing them  
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to become catalytically inactive (Graf and Eaton, 1990) [11]. In 

addition, rice contains phytic acid (PA), the most important 

antinutritional factor impeding availability of divalent 

minerals (Jianfen et al, 2007) [18]. It forms complexes with 

mineral ions, such as Fe, Zn and Ca, and ultimately affects 
their bio-availability (Gibson RS et al., 2000; Lucca P et al., 

2001; Mendoza C, 2002) [10, 26, 28]. Phytic acid is also able to 

form complexes with proteins and thus impairs digestibility 

and bioavailability of proteins in seeds (Reddy et al., 1982) 
[33]. The importance of Fe in vital metabolic functions is 

evidenced by Fe being an intrinsic component of 

haemoglobin, myoglobin and cytochromes (Hurrell et al., 

2003) [14]. As humans and animals are dependent on plant 

based foods for their nutrient requirement except Vit B12, the 

deficiency of any nutrient can lead to malnutrition or under 

nutrition (White and Broadley, 2009) [44]. 
It has been shown that wet processing like soaking; 

germination and fermentation reduced phytic acid content and 

increased the solubility of nutrients (Cakmak et al., 1999; 

Selle and Ravindran 2008; Bilyeu et al., 2008) [6, 36, 3]. Studies 

have shown that a long soaking period before fermentation or 

germination, leads to a reduction in phytate content and an 

enhancement of mineral bioavailability (Nunes et al., 2005; 

Paulik et al., 2005; Liang et al., 2008) [30, 24, 31]. Though the 

complete removal of phytic acid has not been shown, wet 

processing techniques can help to reduce phytic acid which in 

turn increases the availability of minerals in foods. 

The present study was aimed at exploring the opportunities of 
germination and soaking treatments for effective removal of 

phytic acid to improve the micronutrient bioavailability in the 

seeds of economically important food crop rice. 

 

Materials and Methods 

Phytic acid content in the rice has been analyzed by the 

method of Wheeler and Ferrel (1971) 
[45]. The phytate is extracted 

with tricloroacetic acid and precipitated as ferric salt. The iron 

content of the precipitate is determined calorimetrically and 

the phytate phosphorus content was calculated from this value 

assuming a constant 4Fe:6P molecular ratio in the precipitate. 

 

Reagents 
3% Tricloroacetic acid, 3% Sodium sulphate in 3% TCA, 1.5 

N NaOH, 3.2 N HNO3\ 
 

Procedure 

Standard ferric nitrate solutions Fe (NO3) 433 mg ferric nitrate 

was weight and dissolved in 100 ml distil water. 2.5 ml of this 

solution was taken in another flask and make up the volume 

50 ml with water. Several test tubes were taken and 

transferred 2.5, 5, 10, 15 and 20 ml working solution by 

adding 20 ml 1.5 M potassium thiocynate and volume was 

made up to 70 ml. The colour intensity was recorded at 480 

nm on spectrophotometer against blank solution.  

2g finally ground rice seed sample was transferred into 

conical flask (200 ml capacity). 3% TCA (50 ml) was added 
in the flask and extracted the material for 30 minutes with 

mechanical shaking. The whole content was filtered and 10 

ml filtrate was collected. 4 ml ferric chloride solution was 

added and the contents were heated in boiling water bath for 

45 minutes. After expiry of the period, the whole content was 

decanted carefully and the precipitate was washed with 20ml 

3% TCA 2-3 times. Finally 3 ml 1.5N NaOH was added in the 

decanted material and total volume was made 30 ml with 

water. The whole content was heated in boiling water bath for 

30 min. and filtrate by what man filter paper. The residue 

from the filter paper was dissolved with 40 ml 3.2 N HNO3 

into 100 ml volumetric flask. The flask was cooled at room 

temperature and 5 ml aliquot was taken in another volumetric 

flask and diluted 70 ml with water. 1.5 M Potassium 

thiocynate (20 ml) was also added and colour absorbance was 

recorded immediately at 480 nm against blank solution. The 
micro gram iron was calculated from standard curve and 

phytate phosphorus (ml/100g) in sample was calculated by 

using following formula. 
 

Phytate (%) = micro gram iron x 15 / weight of sample 
 

Effect of processing treatment on Phytic acid content:  

Soaking  
The rinsed rice seeds were soaked in distilled water for 12 

hours at room temperature. To avoid possible problem that the 

soaking water may cause germination of seed, the dry seed to 

soaking water ratio must be selected such that the seeds are 

completely covered by water. A seed to water ratio of (1:10 

w/v) was used. The unimbibed seeds were discarded. The 
soaked seed were rinsed twice in distilled water and then dry 

at 55 °C for three to four days in a hot air oven. 
 

Germination  
Rice seeds were sterilized by soaking in ethanol for 1 minute. 

The seeds were kept in water for 12 hours at room 

temperature. The rinsed and soaked seeds were germinated in 

sterile Petri dishes with germination paper for 2 days (48 

hours). Sprouts were rinsed in distilled water and dried at 

55°C for analysis of phytic acid, tannin, protein, total 

polyphenol, total sugar and reducing sugar content. 
 

Mineral Profiling for iron 
The standard for ICP- OES was prepared from stock solution 

of pb obtained from Perkin Elmer. Working solution was 

prepared from stock as necessary calibration standards of 
different concentrations 0.03mg/L, 0.06 mg /L, 0.2mg /L 

0.3mg/Lwere prepared from working standard solution. All 

other reagents and solvent used in this study were of 

analytical grade obtained from Fisher Scientific. Milli-Q 

water was used for washing laboratory glasswares and 

preparation of sample and standard solution.  
 

Sample preparation 
0.1 g of finely crushed sample was used for ICP-OES 2ml 

Nitic acid 1 ml percholoric acid, 1ml hydrogen per oxide 1ml 

milli-Q water were added and made the final volume 8ml. 
 

Results 

Phytic acid (PA) content in selected varieties. 

The data pertaining to the phytic acid content in selected rice 

was given in Table No.1 and graphically was shown in 

figure– 1. Phytic acid content in rice varieties Sarjoo- 52 was 
5.61 g/kg, in Madhukar was 6.39 g/kg, in NDR-359 was 8.05 

g/kg, in CSR-13 was 6.72 g/kg, in Swarna Sub-1 was 7.40 

g/kg, and in Swarna was 9.12 g/kg. In the highest phytic acid 

was in Swarna and was 9.12 g/kg and lowest in Sarjoo-52 and 

was 9.12 g/kg. Highest phytic acid was in Swarna and was 

9.12 g/kg and lowest in Sarjoo-52 and was 9.12 g/kg. 
 

Table 1: Phytic acid (PA) content in selected varieties 
 

S. No Genotypes Phytic acid content (g/kg) 

1 Sarjoo- 52 5.61 

2 Madhukar 6.39 

3 NDR-359 8.05 

4 CSR-13 6.72 

5 Swarna Sub-1 7.4 

6 Swarna 9.12 
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Fig 1: Histogram showing the phytic acid content in rice seed 
 

Phytic acid and its influence on Soaking & germination 

Phytic acid content after soaking noticed in Sarjoo-52 was 

3.63 g/kg, in Madhukar was 4.44 g/kg, in NDR-359 was 5.74 

g/kg, in CSR-13 was 4.89 g/kg, in Swarna Sub-1 was 4.34 

g/kg, and in Swarna was 6.76 g/kg. Minimum phytic acid 
content after soaking measured in the Sarjoo-52 was 3.63 g/kg 

and maximum phytic acid content after soaking measured in 

Swarna was 6.76 g/kg. 

The data pertaining to the phytic acid content and its influence 

on soaking and germination in different genotype of rice was 

given in Table No. 2 and graphically shown in figure- 2. 

Phytic acid content after germination measured in Sarjoo-52 

and was 3.08 g/kg, in Madhukar was 3.89 g/kg, in NDR-359 

was 5.49 g/kg, in CSR-13 was 4.31 g/kg, in Swarna Sub-1was 

3.73 g/kg, and in Swarna was 6.05 g/kg. Minimum phytic acid 

content after germination measured in the Sarjoo-52 was 3.08 
g/kg and maximum phytic acid content after germination 

measured in Swarna was 6.05 g/kg. Minimum phytic acid 

content after germination in Sarjoo-52 was 3.08 g/kg while 

maximum phytic acid measured in Swarna was 6.05 g/kg. 

Significant correlation was obtained regarding phytic acid 

content after germination of seeds in various genotypes in 

present investigation. 

 
Table 4.3.2: Phytic acid content and its influence on soaking and 

germination (g/kg) 
 

S. 

No 
Genotypes 

Phytic acid 

content (g/kg) 
After Soaking 

(g/kg) 

After 

Germination 

(g/kg) 

1 Sarjoo- 52 5.61 3.63 3.08 

2 Madhukar 6.39 4.44 3.89 

3 NDR-359 8.05 5.74 5.49 

4 CSR-13 6.72 4.89 4.31 

5 Swarna Sub-1 7.4 4.34 3.73 

6 Swarna 9.12 6.76 6.05 

 

 
 

Fig 2: Histogram showing the Phytic acid content and its influence 
on soaking and germination in rice seed 

 

Iron content 

The data pertaining to the iron content presented in Table No. 

3 and graphically shown in figure– 3. Iron content in parents 

Sarjoo-52 was 24.15 ppm, in Madhukar was 17.38 ppm, in 

NDR-359 was 15.39 ppm, in CSR-13 was 21.13 ppm, in 

Swarna Sub-1 was 18.20 ppm and in Swarna was 12.48 ppm. 

The highest iron was obtained in sarjoo-52 (24.15 ppm) and 

lowest obtained in swarna (12.48 ppm), 

Table 3: Iron content in ppm 
 

S. No Genotypes Iron content (ppm) 

1 Sarjoo- 52 24.15 

2 Madhukar 17.38 

3 NDR-359 15.39 

4 CSR-13 21.13 

5 Swarna Sub-1 18.20 

6 Swarna 12.48 

 

 
 

Fig 3: Histogram showing the iron in rice seed 
 

Discussion 
In this study we found that soaking, germination significantly 

reduces phytic acid of seeds in all selected verities of rice 

studied. These results support earlier findings in white rice 

flour (Reddy and Salunkhe, 1980) [34]. Among the various 

seed treatments, soaking appeared to be most effective in 

decreasing phytic acid content. Soaking and germination of 

seeds activate the endogenous phytase enzymes that 

hydrolyse phytic acid to free myo-inositol and inorganic 

phosphate via lower inositol phosphate esters (IP5-IP1) 

(Yuwei et al., 2009; Honke et al., 1998; Beal and Mehta, 

1985; Eskin and Wiebe, 1983; Kozlowska et al., 1996; 
Tabekhia and Luh, 1980; Lestienne et al., 2005a) [49, 14, 2, 7, 19, 

41, 23]. The reduction in phytic acid content during germination 

was a time-dependent process, confirming previous studies 

indicating that the activity and/or production of phytase 

increased during steeping (Henderson and Ankrah, 1985; 

Larsson et al., 1997; Yuwei et al., 2009) [49, 13, 20]. The dietary 

fibres are known to bind to nutritionally significant minerals. 

Cellulose, hemicellulose, pectins, lignin and other 

polysaccharides form insoluble complexes with mineral 

nutrients and thus makes them unavailable. Many reports 

have shown that the affinity of the dietary fibres for different 
minerals varies (Idouraine et al., 1996; Maha Lakshmi and 

Sumathi, 1997) [17, 27] and hence inconsistency in seed zinc 

and iron content upon processing. The treatment soaking, 

germination significantly reduced the seed phytic acid in all 

the species studied.  
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