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Abstract 
Cereals are the basic element in ensuring the food security of the population 
through the significant intake of carbohydrates, proteins, dietary fiber, vita-
mins and minerals. The processing of cereals leads to changes in their nutri-
tional quality, which could lead to both reduced nutrients and anti-nutrients. 
Gluten-free cereal varieties attract attention as raw materials to improve the 
nutritional quality of food and to diversify the product range. Sorghum 
(Sorghum oryzoidum) is a hybrid of sorghum, obtained at the Institute for 
Scientific Research for Corn and Sorghum in the Republic of Moldova, by 
crossing Sudan grass (S. sudanense) and bicolor sorghum (S. bicolor). The 
research aimed to determine the impact of dehulling and hydrothermal 
treatment on the amino acid content of soriz. The obtained results reported 
that the dehulling and hydrothermal treatment led to the uneven modifica-
tion of the amino acid content in the investigated samples. As a result of de-
hulling, the total amount of essential amino acids decreased by 19.8% com-
pared to the native grain. Boiling whole grains without prior hydration led to 
34% loss of essential amino acids compared to native grains, and pre-hydration 
of the grains and subsequent boiling reduced essential amino acid losses by 
8% compared to cooked grains without hydration. Boiling grains with pre- 
hydration had a positive effect on the chemical index of lysine, methionine 
and cysteine, leucine and tryptophan. However, the nutritional quality of 
sorghum grain proteins and derivatives obtained, evaluated according to the 
chemical index, is low. The results obtained reported that dehulling and hy-
drothermal treatment unevenly altered the amino acid content, and the me-
thod of boiling grains with pre-hydration had a positive effect on the CSI of 
lysine, methionine and cysteine, leucine and tryptophan. 
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1. Introduction 

Cereals, more than any other type of crop, are grown in large quantities world-
wide, due to its economic importance and energy intake. Scientific studies sug-
gest that eating whole grains can protect against diabetes, obesity, constipation, 
cardiovascular disease and other lifestyle disorders [1]. It is the basic element in 
ensuring the food security of the population through the significant intake of 
carbohydrates, proteins, dietary fiber, vitamins, minerals and phytochemicals [1] 
[2] [3] [4]. Cereal proteins make up about 10% of the dry weight of cereals and 
are essential components in food systems, and their exploration, as an economi-
cal and sustainable source for a healthy diet, is current [5] [6]. It is generally 
characterized by a low content of essential amino acids, in particular lysine, 
threonine and tryptophan [7] [8] [9] [10]. The processing of cereals leads to 
changes in their nutritional quality, which could reduce both nutrients and an-
ti-nutrients. At the same time, processing treatments can lead to improved sen-
sory characteristics, digestibility or nutrient availability [4] [11] [12].  

Knowing the nutritional value and changes that occur as a result of technolo-
gical and culinary treatments can help establish policies on assessing nutritional 
status, formulating therapeutic diets, and investigating the relationship between 
diet, health, and disease [1]. Gluten-free cereal varieties attract attention as raw 
materials to improve the nutritional quality of food and to diversify the range of 
gluten-free products/diets [13]. Sorghum is a cereal crop well adapted to low 
rainfall regions and has therefore become a staple crop for millions of people 
around the world. As with all cereals, the chemical composition and nutritional 
value of sorghum vary within and between cereal crops [14] [15].  

Soriz (Sorghum oryzoidum) is a hybrid of sorghum that is characterized by 
glassy endosperm, similar to rice. It was obtained at the Institute for Scientific 
Research for Maize and Sorghum in the Republic of Moldova, by crossing Sudan 
grass (S. sudanense) and bicolor sorghum (S. bicolor) [16] [17]. The advantages 
of soriz 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 favorable 
conditions, the productivity of soriz reaches 6 - 8 t/ha, and in some years, in the 
northern parts of the republic, the harvest reached 12 t/ha (Chirsanova, A., et 
al.). The chemical composition of whole grain grains attests a starch content— 
74.12%…82.0% d.m., protein—about 13.0% d.m., sugars—0.24% - 0.37% d.m., 
lipids—0.1%…0.5% d.m., ash—0.36% - 2.0% d.m. In the whole soriz, the domi-
nant protein fractions belong to prolamins (56.0% of total protein), followed by 
glutelin (22.4%), globulins (7.3) and albumin (6.7) [18]. An important feature of 
soriz is the absence of gluten, which makes it an optimal alternative in the diver-
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sification of gluten-free products—a relevant and extremely current field of re-
search, especially for the Republic of Moldova [19] [20]. The novelty of the re-
search consists in the fact that soriz is a relatively new cereal for the Republic of 
Moldova, but which reaches new borders. Respectively, research on the impact 
of processing, hydrothermal treatments on the nutritional value of soriz is cur-
rent and necessary. 

2. Materials and Methods 

Whole grains of soryz and hulled soryz “Alimentar 1”, purchased at the Institute 
of Plant Protection and Organic Agriculture of the Academy of Sciences of 
Moldova, were used as research material. Hydrothermal treatment of whole 
grains and hulled grains was done in distilled water (Table 1). 

The methods used in the research are presented in Table 2. 
 
Table 1. Raw materials used for research and their protein content. 

No. Raw materials used for determinations Proteins, % Dry matter, % 

1 Whole grains of soriz 13.13 87.6 

2 
Boiled whole grains (without prior hydration) 

Boiling time—115 ± 5 minutes 
12.96 29.4 

3 
Whole grains cooked after pre-hydration 

Hydration time 8 hours. 
Boiling time—85 ± 5 minutes 

11.9 33.6 

4 Raw dehulling grains 12.88 87.2 

5 
Boiled dehulling grains 

Boiling time—40 ± 5 minutes 10.16 21.0 

 
Table 2. Methods used for determining the analyzed indices. 

Determined indices Method of analysis/source 

Moisture Determination [21] 

Protein Determination Kjeldahl method [22] 

Amino acids 

Quantitative determination of amino acids 
was performed on the AAA-339 analyzer 
“Mikrotechna” (Czech Republic), by acid 

hydrolysis of proteins, in the presence of 6 M HCl, 
for 24 hours at 105˚C. 

(Kosarenko, T., D./Козаренко Т. Д., 1975) 

Summary index 
of essential 

amino acids (SIEAA) 

8SIEAA IC1 IC2 IC8= ∗ ∗ ∗  
CI—chemical index of the essential amino acid [23], 

Chemical score 
index (CSI) 

( )
mg of EAA in 1 g test proteinCSI 100

mg of EAA in 1 g reference protein egg protein
= ×  

[24] [25] [26]. 
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3. Results and Discussions 

The quality of the protein describes its characteristics in relation to its property 
to achieve defined metabolic actions [27] and is evaluated according to the abili-
ty of food constituent amino acids to meet the biological needs of the consumer 
[28]. Of the total amino acids, it was accepted that ten are essential amino acids 
for adults [24]. These amino acids cannot be synthesized by the human body 
from available materials and must be part of a healthy and balanced diet. How-
ever, the list of essential amino acids has been criticized [29], and the Food and 
Agriculture Organization (FAO) recommends addressing dietary amino acids as 
individual nutrients [30]. From a nutritional point of view, it is quite clear that 
some amino acids are absolute dietary needs if you want to maintain a normal 
growth [29]. Knowing the amino acid content, especially the essential ones, are 
important indicators in assessing the nutritional quality of traditional cereal 
products and those obtained from new sources of raw materials [31].  

In native soriz grains, the sum of non-essential amino acids is about 66% of 
their total protein (Table 3). Soriz grains are characterized by a high content of 
glutamic acid (302.0%), alanine (96.0%) and proline (90.01%), which is also 
characteristic for most cereals [4] [14] [31]. 

Dehulling is the mechanical method that involves separating the pericarp 
from germs, which often leads to the elimination or reduction of phytic acid, as 
well as some minerals and vitamins [32]. Dehulling of soriz grains led to an un-
even change in amino acid content. As a result, the total amount of essential 
amino acids decreased by 19.8% compared to the native grain. Sulfur amino acid 
content values decreased by 2.7%, but aromatic amino acid values increased by 
11.6%. Dehulling has also led to an increase in the share of glutamic acid and 
alanine amino acids that are rich in gluten proteins (especially prolamins), 
which are found in large quantities in soriz derivatives [18]. Dehulling does not 
change the content of these amino acids.  

Hydrothermal treatment. Scientific studies have shown that hydrothermal 
treatment improves the bioavailability of micronutrients by reducing the content 
of phytic acid and phenolic substances [33] [34]. Boiling whole grains without 
prior hydration led to 34% loss of essential amino acids compared to native 
grains, and pre-hydration of the grains and subsequent boiling reduced essential 
amino acid losses by 8% compared to cooked grains without hydration. Whole 
grains and dehulled soriz grains are a considerable source of branched-chain 
amino acids (BCAAs) (leucine, isoleucine and valine). Leucine is not only a 
precursor for muscle protein synthesis, but can also play a role in regulating 
intracellular signaling pathways that are involved in the process of protein syn-
thesis [35]. Branched amino acids are considered the most important amino ac-
ids in protein synthesis, which are attributed a detoxifying role in dealing with 
ammonia and in preventing muscle trophism. But, nevertheless, there are still 
many controversies and research is needed to elucidate this topic [36] [37]. The 
hydrothermal treatment had an insignificant impact on the content of these  
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Table 3. The impact of dehulling and hydrothermal treatment on the amino acid content of soriz. 

 
Amino 
acids 

Whole 
grains 

of soriz 

Boiled whole grains 
(without prior 

hydration) 

Whole 
grains cooked 

after pre-hydration 

Raw 
dehulling 

grains 

Boiled 
dehulling 

grains 

  mg amino acid/1g protein 

1 Lysine 14.80 12.33 14.4 9.2 7.0 

2 Methionine 1.70 6.89 11.1 1.3 4.2 

3 Cysteine 11.80 10.7 11.4 9.5 10.3 

4 Threonine 23.2 20.0 16.53 16.1 18.7 

5 Isoleucine 29.1 28.43 27.5 32.0 28.8 

6 Leucine 122.50 115.47 121.5 124.0 130.3 

7 Valine 44.00 42.6 40.77 43.4 42.7 

8 Phenylalanine 46.0 44.5 45.6 52.0 46.9 

9 Tyrosine 21.1 20.5 18.8 30.1 24.7 

10 Tryptophan 7.01 5.4 6.5 3.8 3.0 

11 Histidine 20.01 13.0 19.5 14.0 10.0 

12 Arginine 30.01 25.0 35.0 29.0 14.0 

13 Asparagine acid 66.26 77.0 64.5 70.0 68.0 

14 Serin 44.00 37.7 43.0 38.0 38.0 

15 Glycine 30.50 29.8 31.0 21.3 24.0 

16 Alanine 96.00 104.5 97.4 104.0 113.0 

17 Glutamic acid 302.00 302.0 299.5 313.3 328.0 

18 Proline 90.01 105.0 93.0 89.0 88.4 

19 Ammonia 4.0 3.4 3.3 5.1 3.0 

 
 Totalizations 

20 ∑AA 1000 1000 1000 1000 1000 

21 Nitrogen metabolism index 1004 1003.4 1003.3 1005.1 1003 

22 ∑non-essential AA 658.78 693 685 678.6 683.4 

23 ∑essential AA 341.22 307 315 321.4 316.6 

24 ∑immunoactive AA 594 598 580 601 622.6 

25 ∑glycogenic AA 303.96 311.6 292.8 292.1 304.4 

26 ∑ketogenic AA 240.51 226.63 219.9 241.9 233.7 

27 ∑proteinogenic AA 1000 1000 1000 1000 1000 

28 ∑sulfur AA 13.5 17.59 22.5 10.8 14.5 

29 ∑aromatic amino acids AA 67.1 64.4 82.1 78.7 71.6 
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amino acids, although the ratio between them, for the researched samples, is far 
from ideal (2:1:1), namely: in whole grains it is 4:1:2.7. 

Hydrothermal treatment beneficially changed the ratio of the amino acids 
tryptophan: lysine: methionine (optimal, being considered the ratio of 1:3:3) 
from a ratio of 1:2.1:0.2 (in whole grains) to 1:2.3:1.3 (in boiled grains without 
hydration), 1:2.2:1.7 (in hydrated grains then boiled) and 1:2.3:1.4 (in hulled and 
boiled grains). 

In boiled whole grains the ratio of these amino acids proved to be more ba-
lanced compared to the rest of the samples, surpassing whole grains such as 
sorghum (1:1.01:1.36), millet (1:1.78:1.3) and wheat (1:0.91:0.55). In dehulled 
soriz, the ratio of the respective amino acids was closer to the rice groats 
(1:2.5:1.3), but more balanced compared to the wheat groats (1:1:1.1) [38]. 

Summary index of essential amino acids. One of the methods used to deter-
mine the biological value of proteins is to determine the summary index of es-
sential amino acids. The summary index of essential amino acids for native 
grains was 69.4, for grains cooked without hydration-56.6, and for those cooked 
with pre-hydration-68, which indicates that boiling grains, after prior hydration, 
is a more efficient method in maintaining an optimal ISAE. The summary index 
of essential amino acids (ISAE) for raw hulled grains was 58.3, and for cooked 
hulled grains-56.5. However, this method does not allow the determination of 
the limiting amino acid in relation to the standard protein, the amount of which 
depends on the complete assimilation of others. 

Chemical score index (CSI). The most common method of determining bio-
logical value is to calculate the CSI. The index is expressed as a percentage and 
shows the ratio of the content of the essential amino acid to the same amino acid 
in the standard protein (Lopez and Mohiuddin). The modification of the amino 
acid content in the hydrothermal treatment of whole grains and dehulled grains 
of soriz also conditioned the change of their CSI (Table 4). 
 
Table 4. The impact of dehulling and hydrothermal treatment on the CSI of the soriz. 

AA esențiali 
Whole 
grains 

of soriz 

Boiled whole 
grains (without 
prior hydration) 

Whole grains 
cooked after 

pre-hydration 

Raw 
dehulling 

grains 

Boiled 
dehulling 

grains 

Lysine 27 22 26 17 13 

Methionine 
& Cysteine 

39 50 64 31 41 

Threonine 58 50 41 40 47 

Isoleucine 73 71 69 80 72 

Leucine 175 165 174 177 186 

Valine 88 85 81 87 85 

Fhenylalanine 
& Tyrosine 

112 117 107 137 123 

Tryptophan 70 54 65 38 30 
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The quality of the protein when peeling the grains depends, to a large extent, 
on the yield of the peeled grains. Essential amino acids make up 34% of the total 
number of amino acids.  

The amino acid score is the most limiting amount of amino acid in the food 
protein, expressed as a percentage of that amino acid present in a reference pro-
tein [39] [40] [41].  

Dehulling unevenly modifies the CSI of soriz grains, namely: decreases the 
CSI values for lysine by 10%, methionine by 8%, threonine by 18%, tryptophan 
by 32%, but increases the CSI values for isoleucine by 7.0% and phenylalanine 
25% for dehulling grains. The CSI values for leucine and valine practically do 
not change after dehulling. For both native grains and soriz derivatives, the li-
miting amino acid remains lysine, which is characteristic of most cereals except 
corn, in which the limiting amino acid is tryptophan [42]. 

The limiting amino acid remains lysine. The value of this amino acid deter-
mines the biological value and the degree of assimilation of the protein. Accord-
ing to the calculations obtained, pre-hydration of grains with subsequent boiling 
can be considered a more effective method, compared to grains cooked without 
hydration, in order to reduce the loss of amino acids. 

Hydrothermal treatment of whole grains and dehulled soriz grains differently 
altered the CSI of proteins. However, these remain medium quality proteins, the 
limiting amino acid of which is lysine (CSI = 26-for hydrated and boiled grains 
and CSI = 13-for hulled and boiled grains) [43] [44] [45]. 

4. Conclusions 

Soriz proteins contain all the essential amino acids, the limiting one being lysine. 
Peeling and hydrothermal treatment led to an uneven change in the amino 

acid content and, respectively, the CSI value in the researched samples. 
The obtained results attest that the method of boiling grains with pre-hydration 

had a positive effect on the CIS of the following amino acids: lysine, methionine 
and cysteine, leucine and tryptophan. 

For threonine and branched-chain amino acids, this method of hydrothermal 
treatment has led to higher amino acid losses compared to cooked grains with-
out hydration. 

The obtained results confirm that the nutritional quality of the soriz grain 
proteins and derivatives obtained, evaluated according to the CSI, is low. There-
fore, their association with other foods such as eggs, meat, fish, milk, whose 
protein is well balanced in essential amino acids is justified. 

The obtained results will be able to be used in the capitalization of the mouse 
for the design of gluten-free products, for the rational formulation of therapeutic 
diets and in investigations on the relationships between diet, health and disease. 
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