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Abstract 

Cereals and cereal products are the basic element in ensuring the food se-
curity of the population. Most cereal-based foods contain gluten. Nutritional 
therapy is the only treatment for people with gluten-related disorders. No 
gluten-free products are manufactured in the Republic of Moldova, and the 
imported ones are sold at very high prices. In this context, Moldova is an 
unexplored field and research is required. The paper investigated the im-
pact of hydrothermal treatments on whole grains and sorghum groats. It 
was found that whole grains and sorghum groats have a cooking time of 
about 130 and 40 minutes, respectively, which can be reduced by about 2 
times by prior hydration in water. Hydration media and their concentra-
tions (NaCl solutions; sol. NaHCO3 and C6H8O7 concentrations 0.5%; 1.0% 
and 2.0%) differently influence the cooking time, mass, volume and firm-
ness of the grains. 
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1. Introduction 

Cereals and cereal products are the basic element in ensuring the food security 

of the population. The World Health Organization recommends that most en-

ergy come from cereals. Increasing the consumption of cereals, especially 

whole grains, is an important goal, thanks to its protective role against diabetes 

and other metabolic diseases, as well as against cancer [1]. 

Although nutritional trends in recent decades have shifted to whole grains, 

refined cereals, especially white flours and white bread assortments, are often 
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preferred to whole grain foods due to the general desire of consumers to ben-

efit from quality products high volume, which led to the selection of wheat va-

rieties with high gluten content to obtain voluminous products with high po-

rosity and long-term freshness [2]. 

Consequently, today we are facing a rising epidemic of gluten-related disor-

ders such as celiac disease, allergy and gluten sensitivity [3]. They are charac-

terized by atrophy of the epithelium of the small intestine and by malabsorp-

tion resulting from this phenomenon [4]. As a result, celiac disease can cause 

growth retardation, infertility, anemia, stomatitis, dermatitis, hypocalcemia, 

etc. People who show disorders related to gluten consumption, are forced to 

follow a gluten-free diet, which may have different weight, depending on the 

specific conditions of the disease [5]. Gluten-free products are an example of 

reverse functional foods, in which gluten is excluded and not included, like 

other constituents. In fact, gluten-free products are currently an area in full 

swing, and the main representatives are cereals and cereal derivatives [6]. 

1.1. Soriz (Sorghum oryzoidum)—Perspective Grain for the  
Republic of Moldova 

Soriz (Sorghum Oryzoidum) is a hybrid of sorghum obtained for the first time 

by the Moldovan breeder Gheorghe Moraru during research conducted in 

1987-1988 at the Institute for Scientific Research for Corn and Sorghum (The 

Image 1(a), Image 1(b)) [7].  

Starting with 2010, research on the cultivation and capitalization of sor-

ghum hybrids is carried out at the Institute of Plant Protection and Organic Ag-

riculture of the Academy of Sciences of Moldova. The advantages of soriz culti-

vation are manifested in the production process, which does not require major 

investments: the plant is not pretentious to soil conditions, fertilizers and has 

tolerance to diseases and pests. It has high productivity per hectare: in favora-

ble conditions the productivity of soriz reaches 6 - 8 ton per hectare, and in 

2012, in the northern parts of the republic (Briceni) the harvest reached 12 ton 

per hectare. In Russia, Ukraine and the Republic of Moldova, the capitalization 

of this culture has aroused the interest of specialists in various fields. 

Technologies for primary processing of soriz were developed, the physico-

chemical, hygroscopic, biochemical properties and thermophysical character-

istics were studied, as an object for drying and storage. Technologies have 

been developed for the production of sorghum grains in order to obtain flakes. 

According to scientific research institutions and trade organizations in the 

Republic of Moldova, Ukraine and Russia, the nutritional value of soriz beans 

is at the level of rice grains and can be successfully used in the production of a 

wide range of basic foodstuffs for humans [8]. Previous research on the chem-

ical composition of soriz reveals a content of: starch—74.12% - 82.0%/dry 

matter (d.m), protein—about 13.0%/d.m., sugars—0.24% - 0.37%/d.m., li-

pids—0.1% … 0.5%/d.m., ash—0.36% - 2.0%/d.m. In the whole grain of soriz 

t h e  d o m i n a n t  
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             (a)                                       (b) 

Image 1. (a) Panicle of soriz (Sorghum oryzoidum); (b) Whole grains of soriz (Sorghum 
oryzoidum). 

 

protein fractions belong to prolamins (56.0% of the total protein), followed by 

gluteline (22.4%), globulins (7.3) and albumin (6.7) [9]. 

1.2. The Importance of the Research 

The World Health Organization recommends the widespread use of cereal-based 

foods in strengthening the health potential of the population. The valorization 

of the soriz in food will allow the diversification of the assortment of local ce-

real products and will increase the food security of the population in the Re-

public of Moldova. Research on the belonging of soriz to the group of gluten-

free cereals is up to date. The elaboration of gluten free foods based on ingre-

dients derived from Sorghum Oryzoidum grains for those suffering from gluten 

intolerance and malabsorption, as well as for healthy people, will allow the use 

of local resources in the production of functional foods with a curative role. 

1.3. The Objective of the Research  

The aim of this study was to investigate the impact of boiling in different media 

(distilled water, salt solutions, basic solutions and food acid solutions) on the 

consistency of whole soriz grains and groats in order to establish the optimal 

heat treatment conditions, which ensures their acceptable palatability. 

2. Materials and Methods  

The culinary technological properties of grains and cereals refer to their ability 

to boil in the shortest possible time, accompanied by improved organoleptic 

qualities. Prior to the culinary treatment, the cereals are subjected to technolog-

ical processes of primary processing such as: sorting (sometimes sifting) and 

washing. After sorting and washing in cereals, a considerable amount of water 

(10% - 30% of the mass of the groats) is retained, which must be taken into ac-

count when calculating the ratio of water: boiling product. The content of dry 

substances in the water after washing reaches the following weight: starch—

about 41%, nitrogenous substances—about 33% and sugar—about 13% [10]. 

2.1. Materials 

As main raw materials for research were used: 
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 Whole grains of soriz (Pișcevoi-1); 

 Soriz groats (obtained by peeling); 

The raw material was purchased from the Institute of Plant Protection of the 

Republic of Moldova 

2.2. Methods 

The culinary preparation technology of cereals considerably influences their 

nutritional value. The most used culinary treatment process for cereals is boil-

ing. Boiling is a hydrothermal process, which includes the simultaneous action 

of temperature and water and is part of the category of processes with heat 

transfer for food preparation [11]. Usually, the culinary value of cereals is char-

acterized by: 

 cooking time (in minutes); 

 increasing the volume and mass of grains/groats by boiling; 

 the coefficient of boiling by mass (Km) and volume (Kv); 

 determining the stability of the grains/groats by boiling; 

 organoleptic characteristic of boiled grains and/or groats. 

2.2.1. Boiling Time 

To determine the cooking time, the whole grains and soriz grains (obtained by 

dehulling the grains) were boiled in distilled water, over medium heat, until 

penetration. At time intervals, by crushing the grains between two glass slides, 

the presence of non gelled starch particles was checked inside the grains. 

2.2.2. The Process of Hydrating Whole Grain Grains 

The relatively long time for boiling whole grains of soriz creates economic, 

technological and nutritional disadvantages. In order to reduce the cooking 

time, the whole grains were subjected to hydration in neutral, acidic and basic 

aqueous solutions of different concentrations for 24 hours. 40 g of whole soriz 

grains were placed in 200 ml of saline, acid and alkaline solutions of various 

concentrations for hydration, at a temperature of 20˚C ± 2˚C. The weight gain 

of the grains was determined at set intervals of time, by withdrawing the grains 

from the water. After reaching the required soaking time, the sample was 

drained on a paper napkin and the excess water was removed with filter paper. 

2.2.3. Determination of Firmness of Sorghum Grains and Croups 

The structo-textural firmness of boiled chickpeas was determined with the F-

2 laboratory finometer (Kohusz, Hungary) [12]. Its working principle is based 

on the indication of the maximum penetration pressure of boiled chickpeas by 

a piston with several punches, which come into contact with the product. The 

maximum penetration force in units or degrees of the finometer (F˚) is read on 

the dial of the device. In order to determine the firmness of the grains after the 

specific treatments (hydration in various media and concentrations, boiling), 

they were introduced into the finometer container. A cooking time limit of 150 
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minutes has been set. At 30-minute intervals, the grains were extracted from 

the boiling medium, drained of excess moisture and allowed to cool to room 

temperature. 

3. Results and Discussion  

The cooking time of the soriz groats was 35 ± 5 minutes, and of the whole 

grains of soriz was 130 (130 ± 10 minutes). 

3.1. The Effect of Hydration of Whole Soriz Grains on  
Technological Properties 

3.1.1. Modification of the Mass and Volume on Hydration 

The hydration of the grains is conditioned by the anatomical structure of the 

grain and the unilateral diffusion of water inside the grains, which hydrates the 

polar sectors of the grain macromolecules and as a result, the flexible mole-

cules distance each other, the bond between them weakens and the mass in-

creases [13]. A more intense increase in mass is observed in the first two hours 

of hydration (by 15% - 18%), after which the increase in mass takes place more 

slowly (by another 15% in an interval of 6 - 8 hours) (Figures 1(a)-(c)). 
 

 

(a) 

 

(b) 
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(c) 

Figure 1. (a) Modification of the mass of whole soriz grains by hydration in 
water and sodium chloride; (b) Modification of the mass of whole soriz grains 
by hydration in sodium bicarbonate and acetic acid; (c) Modification of the 
mass of whole soriz grains on hydration in oxalic acid and citric. 

 

For wheat, for example, grain moisture, one hour after hydration increases 

by 12.1% - 14.8%, and in the next 12 hours—by 25.6% - 29.5%. This is due to 

the absorption of water at the initial stage by the membranes of the grains, 

which contain several capillaries, pores and voids, which serve as reservoirs 

for the accumulation of moisture. Subsequent water absorption takes place in 

the endosperm where the rate of absorption slows down [10]. After 12 hours 

of hydration, the mass of sorghum grains practically did not change, reaching 

final values of 131% - 132% for all the researched samples, and the moisturiz-

ing agent did not essentially influence the evolution of the mass of sorghum 

grains. The results obtained allowed the establishment of the optimal hydra-

tion time, which is 8 - 10 hours, a period equivalent to that recommended for 

brown rice, but shorter than the hydration period of corn (48 hours) [14]. 

3.1.2. The Influence of Hydration Media on the Cooking Time of  
Sorghum Grains 

After 8 - 10 hours of hydration, the sorghum grains were removed from the 

hydration media and boiled in distilled water until full penetration. During the 

boiling period, at established time intervals, the evolution of the mass and vol-

ume of the grains was analyzed, and subsequently the coefficient of boiling was 

calculated by mass and volume. The concentration of hydrating media did not 

essentially condition the boiling time, which was however slightly lower for 

hydrated grains in environments with low concentrations (0.5%). The nature 

of the hydration media conditioned the boiling time differently: for the hy-

drated grains in distilled water and sodium bicarbonate solution it was about 

75 ± 5 minutes, for those hydrated in sodium chloride and citric acid—85 ± 5 

minutes, and in oxalic and acetic acid—95 ± 5 minutes (Figure 2). 
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Figure 2. Boiling time of hydrated whole soriz grains in various environ-
ments (1-grain boiled without hydration; 2-grains boiled after hydration in 
H2O; 3-grains hydrated in HCl-0.5%; 4-grains hydrated in NaHCO3-0.5%; 5-
grains hydrated in CH3COOH-0.5%; 6-grains hydrated in C6H8O7)-0.5%; 7-
grains hydrated in H2C2O4-0.5%). 

 

Pre-hydration of soriz grains in neutral, saline and basic environments re-

duced the cooking time by about 2 times, compared to boiled grains without 

hydration, and for those hydrated in organic acids—about 1.5 times.  

3.1.3. Modification of the Mass When Boiling Hydrated Whole Grains in  
Various Media 

The increase in temperature accelerates the process of moisture passage in-

side the grains, more intense hydration of protein substances and carbohy-

drates in the cell walls, as well as gelatinization of starch. The initial period of 

hydrothermal treatment is characterized by a significant increase in the de-

struction of cell walls, after which the process slows down. In the investigated 

samples the mass evolved more intensely in the first 10 - 20 minutes of boiling, 

especially for the hydrated grains in neutral and alkaline environments (by 

about 35%), followed by the hydrated grains in sodium chloride by about 28%, 

with 15% for those hydrated in citric acid, and for grains hydrated in acetic and 

oxalic acid, the increase was only 12% - 13% (Figure 3). 

In the sorghum groats, during boiling, the evolution of the relative mass and 

volume was more intense, compared to the whole grains, due to the loss of the 

hull’s shell when peeling, which allowed the water to enter the grain more eas-

ily and faster. This increase is also due to the smaller size of the groats com-

pared to the grain. In the first ten minutes of boiling the sorghum crusts, the 

increase of the mass was by 105%, and of the volume—by 157%, after which 

the evolution of the given indices slows down: the volume at 20 minutes in-

creased by 71%, at 30 minutes—by another 58% and after 50 minutes of boil-

ing the final volume was 450%. The growth of the mass was slower, compared 

to the volume: at 20 minutes—it increased by 31%, at 30 minutes—by another 

50%, and the final mass of the cooked grains after 50 minutes was 350% 

(Figure 4). 

This is probably due to the increase in moisture jumps with the formation of 

microcracks (due to osmotic pressure and concentration gradient), which lead 

to the grain breaking into sectors. 
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Figure 3. Modification of the mass of hydrated whole soriz grains when boiling. 
 

 

Figure 4. Modification of the mass and volume of boiled soriz groats. 

3.1.4. Coefficient of Boiling (Km and Kv) of Grains and Soriz Groats 

Knowing the evolution of boiling mass and volume allowed the calculation of 

the coefficient of boiling by mass and volume, which is one of the basic culinary 

indices of whole grains and derivatives. The shorter the cooking time and the 

higher the cooking coefficient, the better the culinary properties of the groats 

are considered. Because during the boiling of the grains the evolution of the 

mass did not show significant differences compared to that of the relative vol-

ume, respectively and the coefficients of boiling after the mass and volume are 

practically equal. The highest coefficients have samples boiled after hydration 

in distilled water and sodium bicarbonate (Km = Kv = 2), followed by samples 

boiled without hydration (Km = 1.98, Kv = 2) and those hydrated in sodium 

chloride (Km = Kv = 1.9). Hydrated samples in acidic environments had the 

lowest values (Kv = 1.58 … 1.79) (Figure 5). 

The soriz groats reached the highest values of the boiling coefficient (Km = 

3.5, Kv = 4.5). The obtained results exceed the values of the cooking coefficient 

for the buckwheat groats (Kv = 2.1 - 4.0) and are close to the rice groats (Kv = 

2.8 … 4.5). 
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Figure 5. Coefficient of boiling (by mass and volume) of sorghum grains 
and groats (1-grain boiled without hydration; 2-grains boiled after 
hydration in H2O; 3-grains hydrated in HCl-0.5%; 4-grains hydrated in 
NaHCO3-0.5%; 5-grains hydrated in CH3COOH-0.5%; 6-grains hydrated in 
C6H8O7)-0.5%; 7-grains hydrated in H2C2O4-0.5%; 8-boiled groats). 

3.1.5. Firmness Change 

As the turgor pressure in living plant tissues is not an important factor in most 

cases of technological treatment, the loss of firmness is considered a factor in 

the evolution of cell wall components, especially polysaccharides. However, 

the complexity of the composition of the plant’s cell walls makes it difficult to 

link the texture changes and the specific chemical changes between the poly-

saccharides and the cell wall. After 30 minutes from the beginning of boiling, 

the mechanical resistance of the grains cooked without hydration was 372 F˚, 

and of those hydrated in distilled water—274 F˚. After 90 minutes of boiling, 

the firmness of the first ones decreased 3 times, and of the hydrated ones 2.5 

times, reaching values close to 122 and 108 F˚ (Figure 6). Due to the prior hy-

dration of the grains, the interaction of water with boiling protopectin and, re-

spectively, the dissociation of protopectin in hydrated grains takes place faster 

than in non hydrated ones. This difference is explained by the higher humidity 

of hydrated whole soriz grains (due to the deeper absorption and distribution 

of water inside the grains in the hydration process), which led to faster tissue 

softening compared to cooked grains without hydration. The boiling time 

(about 75 minutes) of the hydrated sorghum grains, previously established, 

corresponds to a firmness equivalent to 160 F˚. At the same time, the firmness 

of the cooked grains without prior hydration is about 185 F˚. Just as hydration 

is accompanied by a number of phenomena, including the soaking of liquid in 

dry matter, the swelling of certain areas in the solid matrix, the leakage of sol-

uble solids into the liquid medium, so it is also influenced by the previous treat-

ment to which the solids have been subjected [13]. In the case of soriz groats, 

which have been subjected to a mechanical abrasion treatment (loss of grain 

cover, decrease in grain size) the reduction of firmness has them faster. Due to 

the removal of the coating in the peeling process, the water diffuses in the 

groats more intensely than in the whole grains, hydrating the polar sectors of 

the macromolecules and leading to softening the grain structure and changing 

the consistency [15]. The firmness (mechanical strength) of the soriz groats 10 

minutes after the start of boiling was 220 F˚ and decreased practically 2 times 
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after 20 minutes, and at the interval of 30 - 40 minutes (the cooking time of the 

soriz groats) of 4 - 6 or in relation to the initial firmness (Figure 6). 

The concentrations of the hydrating media had a different influence on the 

firmness of the soriz grains during boiling. Hydrated samples in 2% sodium 

chloride and citric acid solution underwent a more significant initial reduction 

in firmness compared to samples hydrated in the same solutions of lower con-

centrations (0.5% - 1%). Approximately 60 minutes after the start of boiling, 

the firmness of all samples hydrated in sodium chloride solution almost 

equaled, reaching values between 247 - 259 F˚, after which the grains hydrated 

in 0.5% solution continue to lose more activeness in comparison with the other 

samples) (Figure 7). 

The concentrations of citric acid solutions used for hydration led to a lower 

firmness of the hydrated grains in citric acid of 2% (Figure 8). 

The high firmness in boiling hydrated soriz grains in acidic medium could be 

explained by the presence of acid, which inhibits the dissociation of ionized 

residues of polygalacturonic acids of protopectin, which leads to decreased sol-

ubility and strengthening of cell walls. 

The hydrated grains in 2% sodium bicarbonate had a higher initial firmness 

(696 F˚) compared to the hydrated grains in solutions of lower concentration 

(Figure 9). The relatively short boiling time (compared to other media) and 

the low firmness at the end of boiling could be explained by the ability of alka-

line media to soften tissues in heat treatment, as it generates de-esterification 

of pectic substances with the formation of soluble products. 

Comparing the firmness of all samples, depending on the hydration medium, 

we can say that the hydrated grains in sodium bicarbonate solution (696 F˚) 

are harder (at the initial boiling stage-30 minutes), followed by the grains hy-

drated in citric acid (632 F˚), sodium chloride (508 F˚), and the hydrated grains 

in water were soaked during the fastest boiling. After one hour of boiling, the 

firmness of the hydrated grains in sodium bicarbonate decreased by 2.4 times, 

those hydrated in citric acid—3.3 times, in sodium chloride—1.5 times. 

3.2. Organoleptic Characteristics 

The organoleptic characteristics of whole grains and soriz groats are shown in 

Table 1. Due to the fine taste and smell, soriz groats could be associated with 

a wide range of products, being similar in this respect to rice groats. 

Pre-hydration is a key unitary operation in the food industry to facilitate and 

reduce the duration of technological treatments (germination, heat treat-

ments, etc.) of dry (dry) products, as well as, in particular, cereals and vegeta-

bles [16]. This operation is also carried out on a consumer scale, for which the 

ease of cooking and speed are often of decisive importance. The quality of hy-

drated products is largely affected by hydration conditions. The degree and du-

ration of hydration are important indicators of the technological quality of the 

dehydrated product, especially in the case of cereals. Therefore, the hydration 
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process of sorghum, as in the case of other vegetables and cereals, is of obvious 

theoretical and practical interest [17]. 
 

Table 1. Organoleptic characteristic of boiled soriz grains and groats. 

Indices Boiled whole grains Boiled groats 

Color and  
Appearance 

Creamy-yellow, with dark spots, 
specific to whole sorghum grains 

Cream-white, uniform 

Smell Smell pleasant, specific to smiles, without foreign sour or rancid odors 

Taste Pleasant, slightly sweet, specific to the smile 

consistency 
The consistency of the grains is soft, 
uniform, without agglomerations, 
well-preserved shape 

Soft, fine, uniform, non sticky,  
the croup shape intact, preserved 

 

 

Figure 6. Firmness of hydrated and unhydrated sorghum grains and groats. 
 

 

Figure 7. Firmness of boiled soriz grains after hydration in sodium chloride solutions. 
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Figure 8. Firmness of hydrated sorghum grains in citric acid solutions. 
 

 

Figure 9. Firmness of hydrated soriz grains in sodium bicarbonate solution. 

 

In the process of hydration in water or in another aqueous environment, ce-

reals are subjected to several physico-chemical changes simultaneously, in-

cluding changes in moisture and dry matter content, porosity, volume and tex-

ture. Hydration is a complex process, which includes, on the one hand, the ab-

sorption of water by the grain and, on the other hand, the leaching (extraction) 

of water-soluble substances from the grain in the aqueous environment [14]. 

Pre-hydration is a key unitary operation in the food industry to facilitate and 

reduce the duration of technological treatments (germination, heat treat-

ments, etc.) of dry (dry) products, as well as, in particular, cereals and vegeta-

bles [18]. This operation is also carried out on a consumer scale, for which the 

ease of cooking and speed are often of decisive importance. The quality of hy-

drated products is largely affected by hydration conditions. The degree and du-

ration of hydration are important indicators of the technological quality of the 

dehydrated product, especially in the case of cereals. Therefore, the hydration 

process of soriz, as in the case of other vegetables and cereals, is of obvious 

theoretical and practical interest [19]. In the process of hydration in water or 

in another aqueous environment, cereals are subjected to several physico-
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chemical changes simultaneously, including changes in moisture and dry mat-

ter content, porosity, volume and texture. Hydration is a complex process, 

which includes, on the one hand, the absorption of water by the grain and, on 

the other hand, the leaching (extraction) of water-soluble substances from the 

grain in the aqueous environment [10]. Studies on the influence of hydration 

on cooking time show that for cereals grains and groats limited hydration is 

characteristic, accompanied by partial solubilization of polymers. 

Due to this, the interaction of water with boiling protopectin and, accord-

ingly, its decomposition into hydrated grains, begins faster. Hydration also pro-

motes a considerable decrease in phytates in cereals and legumes, but did not 

increase the molar ratio of phytates/Fe and decreased, insignificantly, the mo-

lar ratio of phytates/Zn. 

4. Conclusions 

The experimental results showed that: 

Whole grains and soriz groats have a cooking time of about 130 and 40 

minutes, respectively. 

The boiling time of the grains can be reduced approximately 2 times by pre-

hydrating them in water for 8 - 10 hours. For example, for full hydration, at a 

temperature of 20˚C - 22˚C, whole grains of corn need 48 hours, those of brown 

rice—12 … 28 hours [17]. 

Hydration media and their concentrations influence the cooking time differ-

ently, but optimally, both organoleptic and culinary properties (coefficient of 

boiling, change in mass, volume) remain water. 

Whole grains and sorghum grains are a good alternative in substituting ce-

reals with gluten, in obtaining a wide range of agglutinative preparations with 

high sensory and nutritional properties. 
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