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Abstract 
The results of studying changes of phytic acid in seeds of soya of “Diamond” variety and ones of chick-pea of “Krasno-

kutsky – 195” depending on seed soaking and sprouting conditions are presented. The content of phytic acid and changes of phytic 
globoloids in native soya and chick-pea seeds, sprouted in water, sprouted in the solution of mineral salts, preliminarily washed by 
the solution of lemon acid (C6Н8О7) were studied.

The research topicality is conditioned by the necessity to develop food technologies using vegetable protein, which agent is 
soya and chick-pea, and to develop technological methods, favoring phytic acid inactivation. 

As a result of the study, it has been established, that a decrease of the phytic acid content in soya and chick-pea seeds is influ-
enced by the sprouting process, and seeds washing by C6Н8О7 solution (pH – 3.5) is a catalyst of these processes.  

Soya seeds, sprouted in the potassium iodide solution (PI), and chick-pea seeds, sprouted in the sodium hydroselenite 
(NaHSeO3), preliminarily washed by C6Н8О7 solution (pH – 3.5), have less content of phytic acid, comparing with other samples.   

The phytic acid content decrease has been proved by a phytic globoloid decrease. It has been established, that the least diame-
ter of a phytic globoloid is inherent to samples of soya, sprouted in PI solution and washed by C6Н8О7 solution (pH – 3.5), – 3.2 mcm, 
and a sample of chick-pea seeds, sprouted in NaHSeO3 solution, washed by C6Н8О7 solution (pH – 3.5) – 3.0 mcm. An undesirable 
“pea” smell also disappears. 

The established regularities are important for scientists because they allow to widen the assortment of products with vegeta-
ble protein, safe for the human organism. 
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1. Introduction
Soya and chick-pea have thousand-year traditions of using for food in nations of South-

ern-Eastern Asia. “Scientific circles” still discuss if they are healthy or harmful for humans. There 
are different opinions about soya and chick-pea, from enthusiastic ones “soya and chick-pea – food 
of XXI century and panacea from diseases” [1, 2], to very negative “the content of anti-nutritive 
substances in leguminous influence health of next generations” [3]. 

The content of phytic acid in leguminous cause the most distrust to them. Work [4] describes 
phytic acid as a harmful substance, because it binds compounds, disturbing the function of absorb-
ing mineral substances by the intestine.   

Work [5] establishes that everyday consumption of phytic acid in amount more 5 g during 
20 days essentially worsens the biological influence on the human organism. The scientists clin-
ically established that it takes place at the expanse of the fact that phytic acid that penetrates the 
human organism with food products is able to create complexes with microelements in a form, not 
assimilated by it. The organism cannot use these substances for satisfying physiological needs and 
removes them together with metabolic products. 
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Scientists’ attention is directed on developing technologies, inactivating phytic acid in le-
guminous seeds [6]. From our point of view, it is possible at soaking in the sprouting process [7].

Realization of this complex of researches is timely and topical, and as far as there are not 
enough data as to solving the aforesaid questions, it is necessary to deepen and to widen researches 
in this direction. 

2. Analysis of literary data and stating of the problem 
Analyzing literary sources, it has been established [8] that phytic acid accumulates in soya 

and chick-pea seeds at their ripening as salts of one- and bivalent cations. Phytic acid is spread 
along the whole seed lobe with nuclei in the aleurone layer. 

Penetrating the acid intestine medium, phytic acid dissolves and gets a negative charge, due 
to which it begins to react with positively charged ions that biogenic bivalent metals (Zn2+; Fe2+; 
Ca2+; Mg2+; Mn2+; Cu2+) belong to. Compounds, created at their replacement to the intestine, lose 
solubility, and as a result, their assimilability is disturbed [9].

The scientists describe the aforesaid chemical process by the extra-phosphorus effect of 
phytase [10], although it is not connected with the direct effect of phytase, but conditioned by the 
content decrease of reactive-active phytates. 

Works [11] elucidate that the anti-nutritive effect of phytic acid is connected with a low ac-
cessibility of phosphorus that, according to the scientists, is not correct because testifies only to its 
limited accessibility and is not connected with anti-nutritive properties. 

A solution of the aforesaid problems may be soaking and sprouting of seeds. This process 
causes enzymatic transformations and disintegration of phytic acid at the expanse of phytase activa-
tion, which in its turn enzymatically disintegrates phytic acid, in such a way reducing its anti-nutritive 
influence. At disintegration of phytic acid, free phosphate ions, accessible for absorbing, form. It 
conditions decreasing the negative charge of phytic acid molecules and, as a result, losing the ability 
to block digestion of proteins and absorption of amino acids and minerals. 

Works [12] optimize the production technology of a meat-vegetable product, offer to use sprout-
ed malt of mung leguminous crop seeds, establish the phytase activity increase up to 70 % and phytic 
acid disintegration by 67 %. The scientists determined that phytase activation takes place at such tech-
nological operations as soaking and sprouting. Work [13] uses such technological approach for phytic 
acid inactivation at developing the technology of boiled-smoked sausages for dietary consumption. The 
use of flour from sprouted leguminous in amount of 10 % at the expanse of decreasing pork lard.

Works [14], establish that the acidity of solutions for washing seeds influences the process of 
phytic acid inactivation in soya and chick-pea seeds. The solution acidity increase from 3.1 to 4.4 рН 
units influences enzymatic transformations and disintegration of phytic acid at the expanse of phy-
tase activation. So, for inactivating phytic acid, it is expedient to use weak acid solutions for washing 
together with the sprouting process.  

There is a necessity to study changes of phytic acid in leguminous seeds depending on acid-
ity of the washing solution and sprouting medium. 

3. Aim and tasks of research 
The aim of the work is to study changes of phytic acid in leguminous seeds depending on 

washing solution and sprouting conditions. 
The following tasks were set for attaining this aim: 
– to study the content of phytic acid in leguminous seeds depending on acidity of the wash-

ing solution and sprouting medium;
– to study changes of phytic globoloids depending on acidity change of the washing solution 

and soaking solution.

4. Materials and methods of research 
Research objects were soya seeds of “Diamond” variety and chick-pea seeds of “Krasno-

kutsky – 195” variety of harvest 2018. Samples of native soya and chick-pea seeds, sprouted in 
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water, sprouted in the solution of potassium iodide (PI), sprouted in mineral salts, preliminarily 
washed by the solution of lemon acid (C6Н8О7) pH – 3.5 units were studied. Samples of the studied 
seed raw material were cultivated at the territory of Kyiv region and given for the experiment by 
the collection seedbed “Agrotech”.  

4. 1. Methods, used at studying the phytic acid content 
The phytic acid content was determined by the Latta method, based on phytic acid discolor-

ing by the solution of complex iron disulfosalicylate anion up to the brown color [15].

4. 2. Methods, used at studying phytic globoloids 
The analysis of morphology of phytic globoloids was realized by the microscope JSM-5610 

LV, equipped by the system of chemical analyzers EDX JED-2201 JEOL. The experimental sam-
ples were studied in the regime of low vacuum using a detector with electrodes displaying. A phytic 
globoloid of a native seed was represented at 5000 magnification. 

A phytic globoloid in the samples of soya seeds, sprouted in the potassium iodine solution 
(PI) preliminarily washed in C6Н8О7 solution (pH – 3.5) was represented at 3500 magnification.

5. Results of studying changes of phytic acid depending on acidity of the seed washing solution 
and sprouting medium

Table 1 presents results of studying changes of phytic acid in leguminous seeds depending 
on acidity of the washing solution and sprouting medium. 

Table 1
Changes of phytic acid in leguminous seeds depending on acidity of the washing solution and sprouting 
medium 

No. Experimental sample Phytic acid, mlg/100 g Phytic globoloid diameter, mcm 
1 5.5±0.02 6.5±0.02
2 2.4±0.03 5.2±0.02
3 1.9±0.02 4.4±0.03
4 0.6±0.03 3.2±0.03
5 5.1±0.01 6.2±0.02
6 2.2±0.03 5.4±0.03
7 1.4±0.02 4.5±0.01
8 0.5±0.01 3.0±0.03

Characteristic of the experimental samples:
– experiment 1 – native soya seed (not sprouted);
– experiment 2– soya seed, sprouted in water, washed by water;
– experiment 3– soya seed, sprouted in the PI solution, washed by water;
– experiment, 4– soya seed, sprouted in the PI solution, washed by C6Н8О7 solution (pH –3.5);
– experiment 5– native chick-pea seed (not sprouted);
– experiment 6– chick-pea seed, sprouted in water, washed by water;
– experiment 7– chick-pea seed, sprouted in NaHSeO3 solution, washed by water;
– experiment 8 – chick-pea seed, sprouted in NaHSeO3 solution, washed by C6Н8О7 solu-

tion pH – 3.5.
Soya and chic-pea seeds, sprouted in water, washed after sprouting according to the 

technology of malt production, has phytic acid content 2.4 and 2.2 mlg/100 g that is by 3.1 and 
2.9 mgl/100 g (respectively) less comparing with native seeds. The dependence of the phytic acid 
content on changing рН of the washing solution has been found, it has been established that at in-
creasing the washing solution acidity, the phytic acid content decreases.  

Soya seeds, sprouted in the potassium iodide solution and chick-pea seeds, sprouted in the 
sodium hydroselenite solution, washed by water for cleaning, have the phytic acid content as 1.9 
and 1.4 mlg/100 g (respectively) that is by 1.3 and 0.9 mlg/100 g more, comparing with the samples 
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of soya and chick-pea, where C6Н8О7 solution (pH – 3.5) was used for disinfection, where the con-
tent reached 0.6 and 0.5 mlg/100g. The phytic acid content decrease was proved by the phytic glo-
boloid diameter decrease. The microphotos of changes of phytic globoloids are presented on Fig. 1. 
Under condition of measurement magnification: а –5000 magnification; b–d –3500 magnification 
of the microscope JSM-5610 LV.

          a                                 b                                     c                                     d      

Fig. 1. Microphotos of changes of phytic globoloids depending on changing acidity of the washing 
solution and sprouting medium: а – native soya seed, d (phytic globoloid) – 6.5 mcm;  
b – Н2О, d (phytic globoloid) – 5.2 mcm; c – Н 2О+PІ, d (phytic globoloid) – 4.4 mcm;  

d – C6Н8О7 (pH – 3.5)→Н2О+PІ, d (phytic globoloid) – 3.2 mcm

In the sample with native seeds of leguminous and one, sprouted and washed in water, the phytic 
globoloid diameter decreases from 6.5 to 5.2 mcm (for soya) and from 6.2 to 5.4 mcm (for chick-pea). 

Comparing the sprouted samples in different mediums, washed with the solutions of differ-
ent acidity, we can see that the least phytic globoloid diameter is inherent to soya ones, sprouted in 
the PI solution and washed by C6Н8О7 solution (pH – 3.5) – 3.2 mcm and one of chick-pea seeds, 
sprouted in NaHSeO3 solution, washed by C6Н8О7 solution (pH – 3.5) – 3.0 mcm.

The effect from using the process of soaking in mineral salts and washing seeds by C6Н8О7 
solution at рН 3.5units results in disintegration of phytic acid under the influence of phytase, loss 
of a part of phosphate groups and formation of compounds that cannot retain mineral substances, 
proteins and amino acids. The undesirable “pea” smell also disappears.  

The regularities of changes of biochemical processes in leguminous seeds, which analysis 
gives a possibility to develop a technology of sprouted leguminous flour (of soya and chick-pea) 
have been established. 

The conducted experimental studies are rather important for scientists, developing technol-
ogies of flour of sprouted leguminous, using soya and chick-pea as a main raw material.  

6. Conclusions 
The conducted research on studying changes of phytic acid in leguminous seeds depending on 

soaking and sprouting conditions allowed to establish the regularities as to the content of phytic acid and 
changes of phytic globoloids. 

1. The content of phytic acid in leguminous seeds depending on acidity of the washing solution 
and sprouting medium has been determined. It has been established, that the decrease of the phytic 
acid content in soya and chick-pea seeds is influenced by the sprouting process, and seeds washing by 
C6Н8О7 solution (pH – 3.5) is a catalyst of these processes. Soya seeds, sprouted in the potassium iodide 
solution, and chick-pea seeds, sprouted in the sodium hydroselenite solution, washed by water for clean-
ing, have the phytic acid content as 1.9 and 1.4 mlg/100 g (respectively) that is by 1.3 and 0.9 mlg/100 g 
more, comparing with the samples of soya and chick-pea, where C6Н8О7 solution (pH – 3.5) was used 
for disinfection, where the content reached 0.6 and 0.5 mlg/100g. 

2. The change of phytic globoloids depending on changing acidity of the washing solution and 
sprouting medium has been studied. It has been established, that the least phytic globoloid diameter 
is inherent to soya ones, sprouted in the PI solution and washed by C6Н8О7 solution, which acidity  
is 3.5, – 3.2 mcm and one of chick-pea seeds, sprouted in NaHSeO3 solution, washed by C6Н8О7 solu-
tion (pH – 3.5) – 3.0 mcm.
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The effect from using the process of soaking in mineral salts and washing seeds by C6Н8О7 
solution at рН 3.5units results in disintegration of phytic acid under the influence of phytase, loss 
of a part of phosphate groups and formation of compounds that cannot retain mineral substances, 
proteins and amino acids. The undesirable “pea” smell also disappears.  

The obtained regularities are important for the scientific community and may be a base for 
developing food technologies, where inactivation of phytic acid in leguminous seeds is needed for 
increasing the biological value of developed products. 
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