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Abstract 

Sprouted grain flour (sprouted grains) is rich in many active principles (oligosaccharides, 
vitamins, antioxidants, enzymes, microelements), making it a very valuable raw material for food, 
pharmaceuticals, diets, etc. The aim of our study was the biochemical characterization of flour obtained 
from germinated cereals (wheat, barley and oats) carried out for the glucose content, the content of 
total polyphenols and total antioxidant activity. There were performed two-dimensional diagram for 
biochemical characteristics from germinated cereals flours. The flour obtained from IPZ 807 barley 
genotype had the highest content of glucose (5.33 mg/g flour). A significantly lower content of glucose 
was found in the flour obtained from the varieties of oats (Jeremy and Lovrin 1) and the doubled 
haploid DH 295-3 barley line. These flours can be used in hypoglucidic diets. Flour from IPZ 807 
germinated barley variety had the highest content of polyphenols (3.305 μM/ml gallic acid) and flour 
made from Hyproly barley genotype had highest total antioxidant capacity (20.52 μMTrolox/g) to all 
other studied genotypes. These flours may be used in food and in pharmaceutical preparations. 
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1. Introduction
Flours obtained from germinated cereals (sprouted cereals) is rich in many active principles 

(vitamins, antioxidants, enzymes, macroelements, microelements, oligosaccharides), making it 
a very valuable raw material for food, pharmaceuticals elements, diets etc. 

Several authors have studied the chemical composition of flours from different 
germinated cereals. It have been assessed the polifenoloxidase, alpha-amylase and beta-
amylase activity of flours at wheat species and subspecies (A. HIDALGO & al. [4]). The 
analysis of the chemical composition of bran cereal has revealed high levels of dry matter and 
low in fat, which makes them useful as value-added products (R. BENNETT & al. [1]). 

HOLTEKJOLEN and KNUTSEN [6], studying the influence of phenols on the quality of 
bakery products, show that the phenols compound in barley have a strong antioxidant activity 
with many health benefits. Increasing the amount of phenol compounds in barley enhances 
the absorption of water into the dough, and thus improves the quality of the bread. 

K. U. RANI & al. [8], studying the distribution of enzymes in many types of whole wheat 
flour milling, has been found that the reducing the amount of protein means also a decreased 
the amount of alpha-amylase and protease. Other authors (MARSH and GALLIARD [7]) 
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have studied the polifenoloxidase activity (PPO) in the wheat flour milled by the 
measurement of the O2 from the aqueous suspension by the addition of catechol substrate, 
indicating that the wheat bran containing a higher level of PPO than flour the whole wheat. 

Our research aimed to analyze the carbohydrate content, polyphenols and antioxidant 
capacity of sprouted grain flours (wheat, barley and oats) from experimental cultures obtained 
from USAMVB Timisoara for their recommendation as a raw material for obtaining products. 

2. Materials and Methods
Plant materials 
For this experiment we used four varieties of wheat (Flamura 85, Arieşan, Alex 

and Capo), two varieties of oats (Lovrin 1 and Jeremy), two varieties of barley 
(Hyproly and IPZ-807) and two doubled haploid lines of barley (DH 77-18 and DH 295-
3) with different origin.

In order to obtain germinated cereals, seeds was selected, weighed and washed. After 
germination, the obtained germs was washed, selected, weighed, dryed in the drying closet, 
grinded and strained. Flours were used for extraction and analysis of glucose, total 
polyphenols content and antioxidant capacity. 
Glucose analisys 

Glucides extraction has made with carbohydrate hydroalcoholic solvent at 10°C for 2 
hours. For analysis, was used the glucose oxidase enzymatic method and spectrophotometric 
dosage to 510 nm. Calibration was done between 90-700 mg/100 ml. The formula for 
calculating priming sugar in mg/g is: 

Mg soluble glucose/g = mg glucose/10 ml x 2/m 

Determination of total polyphenols 
Determination of total polyphenols was performed by Folin-Ciocalteu method (S. 

DRAGAN & al. [3]). 
Evaluation of total antioxidant capacity 

The evaluation of total antioxidant capacity was made by using FRAP method (Ferric 
Reducing Activity of Plasma) (S. DRAGAN & al. [3]). The calculation formula for the 
expression of antioxidant capacity in μMT/g is: 

μM Trolox/g = μMT/ml x 20/m 

Statistical data analysis 
To determine the significance of differences between flours, data processing was 

performed by analysis of variance and t-test (CIULCA [2]). The significance of differences was 
expressed based on symbols (*, **, ***, 0, 00, 000) and letters, being considered as significant the 
differences between variants marked with different letters. 
To allow in a single graphic representation the performance of each genotype for all studied 
traits the basic principles of biplot method developed by GABRIEL [5] and GGE method 

developed by YAN & KANG [9] were used.  Methods that based on the formula: 

jijjjJij sTT /)( 2211   , in which: 

T ij average value of i genotype  to j character , T j the average value of j character  for all 
genotypes, sj the standard deviation of j character  for all genotypes, ξi1, ξi2 PC1 and PC2 
values for i genotype , τj1, τj2 PC1 and PC2 values for j character , ε ij the residual value of 
model for i genotype at the j character. 
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3. Results and Discussions
The amount of glucose, determined in grain flours made from beans germinated vary by 

species but also within it, depending on the genotype (Table 1).  Flour made from IPZ 807 
germinated barley shows a significantly higher glucose content of all other genotypes (5.33 
mg/g flour). Next to, it stands the variety of Capo germinated wheat flour with an account 
held significantly higher glucose (4,32 mg/g flour). Alex wheat variety presents a glucose 
content significantly above average (3.57 mg/g flour) in the same way as the Hyproly 
variety and the DH 77-18 barley doubled haploid line (3.28 and 3.25 mg/g flour). Both 
samples of flour obtained from the oat varieties and DH 295-3 doubled haploid 
barley line have a significantly lower content of glucose. These also can be used for 
hypoglucidic diets.  

Table 1. Glucose content of the flours obtained from germinated cereals 

No. Sample Glucose Compared to exper. mean 

Item Flour (mg/g) Relative value 
(%)

Difference/ 
Significance 

1 Barley DH 295-3 1,450 d 47,98 -1 572 0 
2 Barley DH 77-18 3,254 bc 107,68 0,232 
3 Barley IPZ 807 5,330 a 176,37 2 308 ** 
4 Barley Hyproly 3,289 bc 108,84 0, 267 
5 Wheat Flamura 85 2 131 cd 70,52 -0,891 
6 Wheat Ariesan 2 212 cd 73,20 -0,810 
7 Wheat Alex 3,570 bc 118,13 0,548 
8 Wheat Capo 4,321 ab 142,98 1 299 
9 Oats Lovrin 1  1,642 d 54,33 -1 380 

10 Oats Jeremy 1,264 d 41,83 -1 758 0 
Exper. mean 3.022 +0.422 100 Control 

LSD 5% DL 1% DL 0.1%

1489 2040 2780

Total polyphenol content of flours obtained required varies depending on the species and 
genotype (Table 2).  Flour obtained from IPZ 807 germinated barley has a significantly higher 
concentration of polyphenols than the other genotypes studied (3.305 μM/ml gallic acid). 
From the all varieties of wheat, the largest concentration was at the Capo wheat variety (3.124 
μM/ml gallic acid). A concentration close to that IPZ 807 variety also has the DH 77-
18 doubled haploid barley line (3.112 μM/ml gallic acid) and Hyproly (3.025 μM/ml gallic 
acid). All these varieties and lines have significantly higher concentration from the other 
genotypes studied. DH 295-3 barley line and Alex wheat variety have very close to the 
average values of concentration. The varieties of oats, Flamura 85 and Ariesan wheat 
varieties values were significantly lower concentration of polyphenols. 
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Table 2. The total polyphenols content of the flours obtained from germinated cereals 

No. Sample Polyphenols Compared to exper. mean 

Item Flour (μM/ml gallic 
acid)

Relative 
value (%)

Difference/ 
Significance 

1 Barley DH 295-3 2,530 bc 97,38 -0,068 
2 Barley DH 77-18 3,112 ab 119,78 0,514 
3 Barley IPZ 807 3,305 a 127,21 0,707 
4 Barley Hyproly 3,025 ab 116,44 0,427 
5 Wheat Flamura 85 1, 885c 72,56 -0,713 
6 Wheat Ariesan 1,922bc 73,98 -0,676 
7 Wheat Alex 2,606ab 100,31 0,008 
8 Wheat Capo 3,124ab 120,25 0,526 
9 Oats Lovrin 1 1,871c 72,02 -0,727 0 

10 Oats Jeremy 1,875c 72,17 -0,723 0 
Exper. mean 2, 598 +0,188 100 Control 

LSD 5% DL 1% DL 0.1%

0,715 0.9 80 1335

Cereal germs flours obtained shows a total antioxidant capacity also varies depending on 
the genotype and species (Table 3). Total antioxidant capacity was significantly superior for 
flour made from Hyproly germinated barley (20.52 μMTrolox/g) than flour from all other 
genotypes studied. Significantly superior total antioxidant capacity can be observed for the 
other germinated barley flours. The IPZ 807 barley and DH 295-3 barley line have the same 
value (18.78 μMTrolox/g) and DH 77-18 barley line obtained 17.64 μMTrolox 
concentration/g. It appears that all flours made from barley seed values are significantly 
superior to other studied flours. Among flours made from germinated wheat, total antioxidant 
capacity values was very close to the average wheat varieties meet Alex and Capo (13.83 
μMTrolox/g and 12.20 μMTrolox/g). Flours of Flamura 85 and Arieșan wheat varieties had 
significantly lower values than the average. Significantly lower values were in both flours 
derived from germinated oats variety: Lovrin 1 (6.84 μMTrolox/g) and Jeremy (6.60 
μMTrolox/g). 

Table 3. Total antioxidant capacity of the flours obtained from germinated cereals 

No. Sample Antioxidant 
Capacity Compared to exper. mean 

Item Flour  (μM Trolox/g)
Relative 

value  (%)
Difference/ 
Significance 

1 Barley DH295-3 18,78ab 136,28 5,00 
2 Barley DH 77-18 17,64ab 128,01 3,86 
3 Barley IPZ 807 18,78ab 136,28 5,00 
4 Barley Hyproly 20,52a 148,91 6,74 * 
5 Wheat Flamura 85 7,04d 51,09 -6,74 0 
6 Wheat Ariesan 8,41cd 61,03 -5,37 
7 Wheat Alex 12,20bcd 88,53 -1,58 
8 Wheat Capo 13,83bc 100,36 0,05 
9 Oats Lovrin 1 6,84d 49,64 -6,94 0 

10 Oats Jeremy 6,60d 47,90 -7,18 0 
Exper. mean 13.78 1.77 100 Control 
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LSD 5% DL 1% DL 0.1%
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1. DH295-3 Barley; 2. DH 77-18 Barley; 3. IPZ 807 Barley; 4. Hyproly Barley; 5. Flamura 85 Wheat; 6. Ariesan
Wheat; 7. Alex Wheat; 8. Capo Wheat; 9. Lovrin 1 Oat; 10. Jeremy Oat. 

G – glucose; P - polyphenols; A - antioxidant capacity. 
Figure 1. Biplot of components for the biochemical attributes of the flours obtained 

from germinated cereals 

The biplot for biochemical properties of germinated cereal flours shown that the flour 
made from IPZ 807 germinated barley line associates at higher glucose content ads with 
antioxidant activity and a polyphenol content ads significantly better. Hyproly barley shows a 
highest antioxidant capacity and a mind or content ads polyphenols significantly associated 
with content ads glucose medium that makes its suitable for their poor diets in 
carbohydrates. Barley line DH 77-18 have significantly higher values in the three biochemical 
properties studied. DH 295-3 barley line shows the most diminuate glucose content associated 
with a significantly superior antioxidant activity and an average polyphenol content. The 
Capo variety of wheat is characterized via an antioxidant activity around the average 
association with a significant content ads superior glucose and polyphenols. This, along with 
IPZ 807 barley can also be used in hyperglucidic diets. Alex variety of wheat shows an 
antioxidant activity below average combined with a medium content ads polyphenolic and 
glucose. The other genotypes shows significantly lower values of the three biochemical 
properties. 

4. Conclusions
The biochemical characterization of cereal germinated flours (wheat, barley and oats) 

found that flour made from IPZ 807 germinated barley variety has the highest content of 
glucose (5.33 mg/g flour). A significantly lower content of glucose is present in the flour 
obtained from the varieties of oat (Jeremy and Lovrin 1) and the DH 295-3 doubled haploid 
barley line. These flours can be used in hypoglucidic diets. Flour from IPZ 807 germinated 
barley variety has the highest polyphenol content of all studied cereals (3.305 μM/ml gallic 
acid) and it is recommended for usage in food and pharmaceutical preparations. Total 
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antioxidant capacity is significantly superior at the flour obtained from germinated Hyproly 
barley (20.52 μMTrolox/g) than flour from all other studied genotypes. This flours can be 
used successfully in bakery products, but also in obtaining pharmaceutical preparations. 
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