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Gluten is a special fraction of vegetable protein. It makes many products more 

delicious: it adds the bread softness and sponginess, the dough is a viscidity, makes 

soups and sauces thick and saturated. However, people with a special illness - coeliac 

disease - can not eat food-containing gluten. The emergence of coeliac disease is due 

to the fact that the human body does not tolerate one of the components of the protein 

- gluten. The highest concentration of gluten is contained in wheat, barley and rye [1].

The purpose of the work was to pick up the optimal conditions for the 

production of high-quality rice malt, as well as further analysis.

Raw materials for the production of gluten-free malt

Particular attention, as the gluten-free raw material for food products belongs 

to rice, corn, buckwheat and amaranth [11].

Rice (Oryza) - one of the most valuable crops in the world. For nutritional 

properties, 1 kg of rice grains is equivalent to 3500 calories. Absolutely dry cereals 

are contained: proteins - 6 ... 8%, fats -  1,7 ... 2,2%, carbohydrates - 65 ... 70%, 

cellulose - 10,2 ... 10,9%, ash - 3,2 ... 5,2%, starch 55 ... 75%. According to the 

assimilation (96%) and digestion (98%) rice cereals is among the highest place and is 

therefore widely used as a dietary product in diet [3].
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Com (Zea mays) is known as raw material for compound feedstuff, alcohol, 

brewer and food concentrate industry. The content of proteins in corn depending on 

variety and environmental conditions, according to different authors, is in the range 

of 8 ... 12% starch - 60 ... 80%. In this, cornstarch contains 21 ... 23% amylase and 77 

... 79% amylopectin [2, 4].

Amaranth (Amaranth) -  is a new culture for our country, which attracts the 

attention of researchers and trainees to the richness and balance of protein, higher 

content of vitamins, mineral salts. The uniqueness of the amaranth in the extremely 

high nutritional value and edibility of all its parts without exception: stalks, leaves, 

seeds.

Gluten-free malt
It is known that germinating grain enriches with biologically active substances: 

low molecular weight proteins, sugars, amino acids, vitamins, enzymes and 

phytohormones [5]. Ready rice malt has a wonderful taste and smell and provides a 

full-bodied wort. Particular attention was paid to optimizing the malt drying process 

to preserve maximum activity of amylase enzymes free and soluble nitrogen.

Objects of research
This work was supposed to pick up the optimal conditions for the production of 

rice malt, as raw materials for medicinal products for people with coeliac disease. 

The objects of research were domestic sorts of rice and rice malt.

Agate is an early-maturing variety; the duration of the growing season in the 

south of Ukraine is 115 ... 116 days. Weight of 1000 grains - 32,0 ... 34,0 g. 

Technological qualities of grain are good. The total yield of cereals is 69.4%, the 

output of the whole core is 91.5%, filmy grains is 15 ... 16%, the glassiness is 95 ... 

97%, grains with cracks is 4 ... 5%.

Prestige is an early-maturing rice variety, a vegetation period of 105 ... 110 

days. Weight of 1000 grains -  27,5 ...28,5 g. The total yield of cereals is 69,5 ... 70 

%, the output of the whole core is 87,5 ... 88,5 %, filmy grains is 16,1 ... 17,0 %, the 

glassiness is 91 ... 93 %, grains with cracks is 5 ... 8 %.
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Ukraine-96 is a middle-maturing sort with a vegetative period of 120 ... 126 

days. At this time, it is the most widespread variety of rice in Ukraine - it occupies 

more than 70% of the crop-growing area. Weight 1000 grains - 30 ... 32 g. The total 

yield of cereals is 69 ... 70 %, the output of the whole core is 90 ... 91 %.

Vicont is a middle-maturing sort, ripens for 120 ... 125 days. Weight of 1000 

grains - 28,5 ... 29,5 g. Technological quality varieties of corn are high. The total 

yield of cereals is 68,5 ... 69 %, the output of the whole core is 91,5 ... 93 %, filmy 

grains is 17,5 ... 18,0 %, the glassiness is 98 %, grains with cracks is 4 %.

Ontario is a middle-maturing sort with a vegetative period of 120 ... 125 days. 

Weight of 1000 grains -  30,0... 31,0 g. Technological quality varieties of corn are 

high. The total yield of cereals is 68,0 ... 69,0 %, the output of the whole core is 90,0 

... 91,0%, filmy grains is 17,0 ... 15,5 %, the glassiness is 98 %, grains with cracks is 

4 %.

Research methodology
Samples of rice grains were soaked by airy-watery method: alternately for 6 ... 

8 hours were kept in water at a temperature of 18 ... 22 °C (water pause) and without 

water (air pause 16 ... 18 °C) to a humidity not less than 40%.

The specimens were growing-out in the installation at a temperature of 20 ° C 

for 4 ... 7 days.

The samples were dried on a laboratory dryer at a temperature of 50 ... 60 ° C 

to a humidity of 6 ... 8%.

Research methods

In carrying out the work used the generally accepted methods of study, laid out 

in the special literature.

In cereals, from which the malt was prepared, the content of garbage and 

grainy impurities was determined, as well as the ability to germinate [6].

Humidity of grain, freshly germinated and finished malt was determined on 

the Chizhova device [6].
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The content of starch was determined by the method of Evers [7], the content 

of protein substances - by the Kjeldahl method [8], the content of extracts - by the 

method of Pavlovskii, the content of filmy grains - by the method of Omarov [6].

In the analysis of malt samples, mash were prepared and the completeness of 

the saccharification was determined on the iodine sample, and in the obtained wort - 

the content of extract using a pycnometer, the content of reducing sugars - by 

iodometric method [9], acidity - by direct titration with phenolphthalein; color - 

colorimetric titration [10].

Research of different varieties o f domestic rice

In rice samples, the basic physical and physiological parameters as well as the 

chemical composition were determined.

From the data obtained, the biggest "Volume mass" index has Agate (623 

g/dm ) and the smallest is Ontario (601 g/dm ), the difference being only 3.5%. Other 

samples fall into these limits.

The «volume mass» indicator correlates with the indicator «Weight of 1000 

grains». Thus, this indicator in the Agate variety is the largest, and in the Premium 

variety is the smallest.

Significant interest in the preparation of products from germinated rice has an 

index of germination ability of Figure 1. At the same time, in the Prestige and Agate 

varieties, this ability was more than 90 %, and the varieties of Vicont, Ontario and 

Ukraine 96 - more than 86 %.

^  100

95 

90 

85 

80

Figure - 1 - Ability to germination of different varieties of rice
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As can be seen from Fig. 2, almost all analyzed varieties of rice on the content 

of starch and related to this contain of extract differed little, but the highest rates 

were Agate and the smallest - Prestige and Ukraine 96.

80 

60 

40 

20

0
Agate Vicont Ontario Prestige Ukraine 96

■ Humidity, % ■ Starch content, % DM ■ Protein content, % DM
■ Extraxt content, % DM ■ Filmy grains, %

Fig. 2 - Chemical characteristics of rice varieties
The contents of the protein substances investigated varieties of rice also vary a 

little. Their highest content is Prestige variety (9.41%) and the smallest variety is 

Vicont (6.69%). All the other little differ: proteins in which 8% or more.

The filmy-grain of rice has shown that the samples differ little among 

themselves on this indicator. The largest filmy-grain was in the Agate variety (19,3 

%), and the smallest - in the Ontario variety (17,34 %), in all others - 18% or more.

The analysis showed that all studied rice varieties had a relatively high content 

of starch, protein substances and, most importantly, high germination capacity.

Research of rice grain steeping modes

In order to provide conditions for sufficient exchange of substances in the grain 

it is necessary to provide the necessary amount of moisture, which is achieved when 

steeping.

Samples of rice in the amount of 300-700 g were steeping in airy-water way: a 

water pause of 6 ... 8 hours, airy 16 ... 18 hours. After a water pause and after airy 

(before adding with a new portion of water) samples were taken and the grain 

moisture was determined. The temperature of the steeping water was in the range of 

18 ... 22 °C. It should be noted that at higher temperatures and prolonged water 

pauses, steeping was faster.
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The dynamics of humidification of rice grains in the process of soaking is 

presented in Fig. 3, from which it is evident that the absorption of moisture by grain 

in all samples of rice was identical.

■ Humidity of the grain
tosteeping,%

■ 1st day o f steeping

■ 2nd day of steeping

■ 3rd day of steeping

■ 4th day of steeping

Fig. 3 - Dynamics humidifying rice grains while steeping

According to physics-chemical research of rice samples, the rice variety of 

Ontario, which was selected for further research, was the best.

Investigation of samples of rice malt on the content of sugars 

Sugars of germinated cereals, including rice malt, represent a mixture of 

sugars: glucose, maltose, fructose and sucrose. While the share of sucrose takes no 

more than 20%.

The content and composition of rice malt sugar of a prototype is presented in 

Fig. 4. From the figure it is clear that as a result of malting of rice, the content of 

sugars in grain increased by 4 times. At the same time, the content of glucose and 

fructose has increased significantly - the most valuable sugars for the human body. In

3 times (from 0.5 to 1.6%) there was more sucrose.

Glucose

Fructose

Maltose

Sucrose

Glucoside

Sum

0 1 2  3 4

■ Rice grain, % DM
■ Rice malt, % DM

5 6 7 8

Fig. 4 - Content and composition of Ontario rice malt sugars, % DM
Thus, rice malt of the experimental sample has a significant content of free 

sugars (about 7.3% by weight) which are represented by a mixture of glucose,
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fructose, maltose, and sucrose. This gives the right to assert that rice malt is a 

valuable raw material for dietary health-improving products at various diseases, 

including those such as coeliac disease.

Research of rice malt on the amino acid composition

Foods with a high content of free amino acids have high biological value. 

Therefore, the study of the amino acid composition of rice malt is of considerable 

interest. The results are presented in the table. 1.

Table. 1. - Amino acid composition of rice and malt prepared from it

Amino acids
The content of amino acids,mg/100 g

General Free
Rice (grain) Malt Rice (grain) Malt

1 2 3 4 5
* Lizin 191 197 0,1 20
Histidine 86 109 1 17
Arginine 357 301 2 39
GAMK 17 19 1,6 16
Aspartic acid 517 519 3 23
* Threonine 186 168 0,8 14
Serin 279 236 1,7 20
Glutamic acid 980 778 8,8 46
Proline 268 201 0,1 34
Glycine 251 225 0,9 7
Alanin 326 229 4 18
Cysteine 47 29 0,1 2
* Valin 174 191 0 33
* Methionine 113 105 0 7
* Isoleucine 127 169 0,5 19
* Leicine 318 322 0,2 39
Tyrosine 154 167 0,2 35
* Phenylalanine 200 186 0,1 29

Sum 4591 4151 25,1 418
Incl. irreplaceable: - 
mg

1309 1338 1,7 161

The obtained results show that the content of individual amino acids in the

process of malting changes slightly. The number of some (arginine, glutamic acid, 

proline) decreased insignificantly, while the others (histidine, isoleucine) slightly 

increased.
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It should be noted that as a result of malting of rice there is a significant 

increase in the number of free amino acids.

Research of rice malt on gluten content

It is known that proteins are composed of four fractions: albumins - proteins 

which are soluble in water, globulins - insoluble in pure water but soluble in weak 

solutions of salts, prolamins - insoluble in water but readily soluble in 60-80% 

ethanol and glutenins -that are soluble in weak alkaline solutions. The last two 

factions are called "gluten".

According to international standards, governing the quality of food products to 

«gluten-free» can be classified products that contain no more than 20 mg of gluten 

per 1 kg of dry matter. However, today in the literature there is an active debate over 

the possibility of reducing the permissible level of gluten in such products to 20 

mg/kg.

Samples of rice malt from the Ontario variety for determining the content of 

gluten were sent to the scientific laboratory of "Hema Ltd." in Kyiv.

The analysis carried out by methods set R-Biopharm, RIDASCREEN Gliadin, 

lot 14291. Test sensitivity 20 ppm (mg / kg). The results are summarized in Table. 2

Table. 2 - Gluten content in samples of grain and malt

№ Name of 
samples

Watering sample ppm Comment1/10 1/400 1/1000

1 Rice Ontario 
(grain) - negative - less 

then 20 without gluten

2 Rice Ontario 
(malt) - negative - less 

then 20 without gluten

As can be seen from Table. rice from which the malt is made does not

contain gluten. In addition, the malt obtained from this grain is also completely 

gluten-free.

Conclusion
1. Celiac disease or gluten enteropathy is a genetic disease which associated with 

deficiency of the enzyme that breaks down a fraction of proteins - gluten.
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Nowadays there is no celiac desease treatments, the only thing that helps is a 

strict life-long diet with the exclusion of all products containing gluten.

2. For patients with celiac disease toxic are gluten proteins of wheat, barley and rye. 

Non-toxic are corn, rice, buckwheat, sorghum, lupine and amaranth proteins.

3. When cereals are sprouting, the grain is enriched with biologically active 

substances like low molecular weight proteins, sugars, amino acids, vitamins, 

enzymes, phytohormones, and thus the gluten content is switched off.

4. In determining the amount of gluten in rice and malt, its value was less than 2 

ppm (2 mg / 100 g of product).
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