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Abstract: The aim of the study was to determine the bioavailability of minerals and oxidation-antioxidant status in the laboratory animals 
fed with bread from regular and bioactivated wheat grain.  
Material and Methods ― Studies were conducted for 21 days on white inbred BALB/с mice. The animals were organized in three groups 
with 30 mice in each one. Group 1 (control group) was given the complete compound feed; Group 2 was fed with regular whole wheat 
bread; and Group 3 was given the bread from the bioactivated wheat grain. Their blood plasma was tested for total protein, cholesterol, 
glucose, low and high density lipoproteins, phosphorus, calcium, magnesium, iron, zinc, malondialdehyde (MDA) levels, and the activity of 
superoxide dismutase (SOD). Calcium was detected histochemically using McGee-Russell’s method with Alizarin red S.  
Results ― It was established that the levels of glucose, total protein, cholesterol, and lipids in the blood plasma of animals in all groups 
were within the physiological norms. There were no significant reliable deviations in the levels of mineral substances in the blood plasma of 
the animals in the study groups. However, the histochemical response of the bone tissue calcium to the Alizarin red S revealed significant 
differences in its content in the tissues between the animals of the three groups. At the 21st day of the experiment, the maximum light 
absorption of the colored specimen was observed in Group 3 which indicated higher calcium content in the bone tissue of the animals fed 
with the bread from the bioactivated wheat grain. The oxidation-antioxidant status of the animals in Groups 2 and 3 was higher than that 
of the control group. On the 21st day of the experiment, MDA content in the blood plasma of the animals in Group 3 was 
0.04±0.017 mmol/L which is 2.0 and 1.5 times less as compared to Groups 1 and 2 respectively. The activity of SOD in the blood plasma on 
the 21st day of the experiment was the highest in Group 3 animals.  
Conclusion ― The experiment on the laboratory mice has shown that the use of the bread from the bioactivated wheat grain makes it 
possible to improve the bioavailability of minerals and increase the antioxidant activity of blood plasma. 
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Introduction  
Today the shortage of minerals in human nutrition is a serious 

problem not only for developing countries, but also for 
economically developed ones [1]. Cereals and legumes constitute 
a significant part of the food [2]. 

Whole grain cereals contain phytic acid and its salt, phytin. In 
the human body, they form insoluble compounds with vital 
minerals, such as phosphorus, calcium, magnesium, iron, and zinc, 
which prevents their absorption [1, 3-5]. 

For people who eat plant food, phytic acid and its salts become 
the main cause of mineral deficiency, which subsequently leads to 
problems with teeth, rickets, osteoporosis, and digestive disorders 
[6, 7]. Therefore, in order to prevent osteoporosis, possible 
musculoskeletal disorders (especially in the elderly people) and 
bone fractures, including femur fractures, it is necessary to reduce 

the anti-nutritional effect of phytin [2, 8]. One way to reduce the 
content of phytic acid and its salts is germination (bioactivation) of 
grain [2, 9].  

In recent years, domestic and foreign scientists have been 
actively studying the effects of antioxidants on human health since 
oxidative stress is the cause of most cardiovascular, 
neurodegenerative, endocrine and other diseases [10, 11]. In the 
human body, the endogenous synthesis of antioxidants depends 
on their intake with food [12]. The low-antioxidant foods 
predominance in the diet can lead to the failure of the antioxidant 
body protection system. 

For humans, the effectiveness of new products can be 
predicted at the stage of preclinical testing. Therefore, clinical 
approbation of products has to be preceded by preclinical studies. 
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Table 1. Body weight dynamics of laboratory mice (n=30 in each group) 
Parameter Day of the experiment Values for mice in different groups 

Group 1 Group 2 Group 3 
Weight, g 0 7.9±0.5 7.6±0.4 7.7±0.4 

11 12.1±1.3 14.3±0.9 17.6 ±1.2 
21 17.4±1.3 19.7±1.1 21.8±0.7 

Growth, % 0 – – – 
11 53.2±5.4* 88,2±3,5* 128.6±4.1* 
21 120.3±6.2* 159,2±4,8* 183.1±5.3* 

* Statistically significant (p<0.05) difference from the initial body weight. 
 
 
Table 2. Biochemical blood test for mice (n=30 in each group) 
Group of 
animals 

Blood values 
Glucose, mmol/L Total protein, g/L Cholesterol, mmol/L Lipids, mmol/L 

LDL HDL 
beginning end beginning end beginning end beginning end beginning end 

1 4.7±0.23 4.5±0.31* 54±1.4 57±2.2* 2.1±0.10 2.6±0.09* 0.11±0.03 0.31±0.03* 0.13±0.03 1.89±0.03* 
2 4.6±0.21 4.6±0.15* 55±2.1 57±1.8* 2.2±0.11 2.4±0.09* 0.13±0.03 0.64±0.02* 0.15±0.03 1.99±0.03* 
3 4.7±0.28 4.8±0.32* 55±2.0 56±1.9* 2.1±0.11 2.3±0.10* 0.12±0.01 0.69±0.03* 0.14±0.03 2.07±0.03* 

* Statistically significant (p<0.05) difference between the indicators at the beginning and at the end of the experiment. 
 
 
 

The main biological link in the experiment is laboratory 
animals. The results of the research on animals are crucial for 
filling the gaps in the knowledge about human health and 
diseases. Animal studies are needed to solve the following 
problems: to assess the absorption of minerals; to determine how 
biochemical parameters and antioxidant activity of blood plasma 
of mice change due to their consumption of the bread from the 
bioactivated wheat grain. 

The aim of the studies was to determine the bioavailability of 
mineral substances and the oxidation-antioxidant status of the 
laboratory animals fed with bread prepared from regular and 
bioactivated wheat grain. 

 
Material and Methods 
For the study, two experimental and one control group 

containing 30 white inbred BALB/с mice each were formed. The 
mice were 15 days old with the initial body weight of 7.7±0.4 g 
(data presented as mean with standard deviation). 

All applicable international, national and/or institutional 
guidelines for the care and use of animals were complied with. All 
procedures conducted in studies involving animals conformed to 
the ethical standards of the institution or the practice where the 
studies were conducted [13, 14]. 

The animals from Group 1 (control) were fed with granulated 
complete compound feed. In the experimental groups, mice were 
given bread instead of the compound feed: in Group 2, regular 
whole wheat bread, and in Group 3, the bread from the 
bioactivated (germinated) wheat grain. During the experiment, 
300-grams bread loafs were baked every three days, cut into 
slices, and natural dried. 

The weight of the feed per a mouse was calculated according 
to the GOST R 50258-92 “Complete compound feeds for 
laboratory animals”. Water was provided without restrictions. The 
duration of the experiment was 21 days. The amount of the feed 
consumed was calculated as the difference between the feed 
given and the feed actually eaten. Throughout the experiment, the 
mice in all groups were weighed daily. Based on the results 
obtained, the increments to the primary data were calculated.  

Blood taken from the tail vein before and after the experiment 
was tested for total protein (g/L), cholesterol (mmol/L), glucose 
(mmol/L), low density lipoproteins (LDL) and high density 
lipoproteins (HDL) (mmol/L), phosphorus (mmol/L), calcium 
(mmol/L), magnesium (mmol/L), iron (mmol/L), and zinc (mmol/L). 
Malondialdehyde (MDA) level was measured through the reaction 
with thiobarbituric acid [15], and superoxide dismutase (SOD) 
activity was measured through inhibition of the reduction of 
nitrous tetrazolium [16, 17]. 

Calcium was detected histochemically using McGee-Russell’s 
method with Alizarin red S on tissue specimens obtained from the 
fragment of the last caudal vertebra by the incisional biopsy 
(partial excision) [18, 19]. The biopsy specimens were fixed in 
alcoholic formalin and dehydrated in ascending alcohols. Then 
they were compacted in Histomix medium and cut into thin 
sections. Simultaneously with the histochemical treatment, the 
mice bone tissue specimens were stained using a classical 
technique with hematoxylin-eosin at the age of 15 days, and with 
thionine and picric acid at the age of 21 days [20]. The images 
were taken and analyzed with the Altami Studio software installed 
on the Altami Bio-1 microscope [21]. 

Statistical processing of the experimental data and graphs 
plotting were carried out in Microsoft Excel 2010 (Microsoft Corp., 
USA). Kolmogorov–Smirnov criterion was used to test the 
experimental data distribution for normality. All the parameters 
considered in the study were normally distributed. The 
comparison of the sample arithmetic means was carried out with 
Student’s t-test. Cochran’s criterion was used to test the 
reproducibility of the experiments. The critical level of significance 
(p) in testing statistical hypotheses was assumed to be 0.05. 
Quantitative data in the article have the format of М±SD where М 
is the mean value and SD is the standard deviation. 

 
Results  
Monitoring of the food intake by the experimental animals 

showed that animals in Groups 2 and 3 ate more feed than in 
control Group 1 by 7.4±0.5% and 9.1±0.7% respectively. 

 



 

ISSN 2304-3415, Russian Open Medical Journal 3 of 5 

2018. Volume 7. Issue 4. Article CID e0409 
DOI: 10.15275/rusomj.2018.0409 Clinical Nutrition 

 

[ 

© 2018, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

Table 3. The content of macro- and microelements in the blood of the mice (n=30 in each group) 
Group of 
animals 

Content in blood, mmol/L 
Phosphorus Calcium Magnesium Iron Zinc 

beginning end beginning end beginning end beginning end beginning end 
1 0.8±0.03 0.9±0.03* 2.0±0.13 2.1±0.13 0.8±0.11 0.8±0.11 8.7±0.49 9.1±0.61* 36.3±2.22 36.0±2.22 
2 0.8±0.03 0.9±0.03* 1.9±0.13 2.1±0.13* 0.8±0.11 0.9±0.11* 8.5±0.61 9.0±0.62* 34.8±2.22 35.9±2.22* 
3 0.9±0.03 0.9±0.03 1.9±0.13 2.1±0.13* 0.8±0.11 0.8±0.11 8.7±0.58 9.1±0.62* 35.2±2.22 35.8±2.22* 

* Statistically significant (p<0.05) difference between the indicators at the beginning and at the end of the experiment. 
 

 
Table 4. Cytophotometric characteristic of histochemical reaction of mice 
bone tissue 
Group of  
animals 

The light absorption of the bone tissue stained with Alizarin 
red S at the beginning and at the end of the experiment, a.u. 

beginning end 
1 1.31±0.155 1.70±0.087* 
2 1.32±0.099 1.89±0.044* 
3 1.31±0.112 2.07±0.079* 

* Statistically significant (p<0.05) difference between the indicators at the 
beginning and at the end of the experiment. a.u., arbitrary units. 

 
 

 
Figure 1. Microstructure of coarse-fibrous immature bone tissue (×100):  
1 – intercellular substance of bone; 2 – osteocytes (stained with 
hematoxylin-eosin). 
 
 

 
Figure 2. Microstructure of mature bone tissue of animals in Group 3 on 
the 21st day of the experiment (×100): 1 – osteon; 2 – osteon channel 
(Haversian canal); 3 – intercalary bone plates (stained with thionine and 
picric acid). 

Table 5. The activity of superoxide dismutase and the level of 
malondialdehyde in the animals 

Group of  
animals 

Values at the beginning and at the end of the experiment 
Superoxide dismutase, 

μM formazan / mg protein / min 
Malondialdehyde, mmol/L 

beginning end beginning end 
1 1,058.4±121.62 1,118.3±202.14* 0.08±0.019 0.08±0.019 
2 1,101.3±114.07 1,986.4±120.11* 0.09±0.016 0.06±0.019* 
3 1,093.4±109.15 2,056.9±146.31* 0.09±0.018 0.04±0.017* 

* Statistically significant (p<0.05) difference between the indices between 
the indicators at the beginning and at the end of the experiment. 

 

 
Figure 3. Microstructure of mature bone tissue of the animals in the 
control group on the 21st day of the experiment (×100): 1 – osteon; 2 – 
osteon channel (Haversian canal); 3 – intercalary bone plates (stained 
with thionine and picric acid). 

 
The animals developed with almost equal intensity without 

any visible deviations. Survival rate over the observation period 
was 100% in all groups. By the 21st day of the experiment, the 
highest increase in the mice body weight was recorded for Group 3 
(183.1%, p=0.042) (Table 1). 

In addition to monitoring animals’ growth, their clinical 
biochemical status was checked for a number of indicators 
throughout the experiment (Table 2). 

The tests showed that the glucose level in the blood fluctuated 
insignificantly within the limits of the physiological norm. By the 
end of the experiment, the highest glucose level in the blood 
plasma was recorded for the animals in Group 3, which were fed 
with the bread from the bioactivated wheat grain, and it was 6.7% 
(p=0.015) higher than the blood glucose level of the animals in the 
control group. 

The total protein level in all analyzed blood samples did not 
exceed the limits of physiological norm and averaged 55.5 g/L in all 
groups.  
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The cholesterol levels on the 21st day of the experiment in the 
control group approached the upper limit of the physiological norm 
(2.7 mmol/L) and amounted to 2.6±0.1 mmol/L, which is 8.3% and 
13.0% (p=0.023) higher than in Groups 2 and 3 respectively.  

The LDL level was also within the physiological norm and did 
not exceed 3 mmol/L. HDL levels, on average, increased 14.2 times 
in all groups (p=0.034) (Table 2).  

During the experiment, the content of some macro- and 
microelements was monitored (Table 3). No significant deviations 
in the levels of phosphorus, calcium, magnesium, iron, and zinc in 
the blood plasma of animals in Groups 2, 3 and 1 (control group) 
were observed. However, comparison of the values at the 
beginning of the experiment and after 21 days revealed certain 
differences. Specifically, by the 21st day of the experiment, the 
level of phosphorus in the plasma of animals increased on average 
by 8.3%; calcium, by 8.7%; magnesium, by 4.2%; and iron, by 5.0% 
(p=0.028) as compared to the values before the feeding. The level 
of zinc marginally decreased in the control group by 0.8%, and in 
Groups 2 and 3, on the contrary, it slightly increased by 3.2% and 
1.7% (p=0.042) respectively. 

Throughout the observation period, the clinical state of mice in 
all groups remained normal. There were no abnormalities in their 
behavior or health. 

The calcium content in the bone tissue of animals in all groups 
was studied histomorphologically. In 15 days old mice, the ossein 
fibers in the bone fragment did not have an orderly arrangement 
as in mature bone tissue. Most of the detected typical cells were 
surrounded by the intercellular substance. They were located on 
the surface of the bone and around the blood vessels that pierce 
the bone. This cell distribution within the specimen was typical for 
all samples obtained from animals of this age (Figure 1). 

The ossein fibers in the bone tissue samples taken from the 
animals of all groups on the 21st day were arranged orderly which 
promoted the formation of bone plates (Figures 2 and 3). Osteon 
fibers were arranged similarly. The Haversian system of the 
compact bone consisted of parallel fibers with osteocytes and 
osteoblasts localized in special lacunae and around Haversian 
canals piercing the bone. The cells had processes that ensured 
their contact with each other. 

The analysis of the microstructure revealed some differences 
in the bone tissue formed by the 21st day of the experiment. The 
bone tissue of the mice fed with the bread from the bioactivated 
wheat grain had stronger disconnected osteons while the osteons 
of the bone tissue in the control group were significantly smaller.  

Histochemical reaction of the bone tissue calcium with Alizarin 
red S showed significant differences in its content in the tissues of 
animals in different groups (Table 4). 

At the beginning of the experiment, the light absorption of 
stained calcium chelate compounds with Alizarin red S in the bone 
tissue specimens did not have any significant differences and 
averaged 1.31±0.211 AU. However, on the 21st day of the 
experiment the cytophotometric analysis of the histochemical 
reaction with Alizarin red S in the bone specimens showed 
substantial differences. Specifically, on the 21st day of feeding, the 
value of the parameter in question increased by 29.8% in the bone 
tissue preparations in the control group; by 43.2%, in Group 2; and 
by 58.0%, in Group 3 (p=0.039).  

To study the processes of lipid peroxidation (LPO) in animals 
fed with the regular whole wheat bread and the bread from the 

bioactivated wheat grain, the activity of the antioxidant protection 
enzyme, superoxide dismutase (SOD), was measured. To assess 
the intensity of LPO, malondialdehyde (MDA) was tested (Table 5). 

At the initial stage of the experiment, there were no significant 
differences in the values of SOD and MDA between animals. On 
the 21st day of feeding, a significant quantitative difference in LPO 
markers was detected. In the control group, the activity of SOD 
increased with age by 5.6% while in Groups 2 and 3, the activity of 
the enzyme increased by 80.4% and 88.1% (p=0.047) respectively. 
The level of MDA in animals of the control group did not change. 
At the same time, MDA significantly decreased by 55.5% (p=0.031) 
in Group 3. The level of MDA in Group 3, where animals were fed 
with the bread from the bioactivated wheat grain, was more than 
50% lower (p=0.024) than in the control group. 

 
Discussion 
The comparative data on the dynamics of weight gain of 

animals in the control group and in the experimental groups as 
well as the values of the clinical biochemical parameters of the 
blood plasma of white inbred BALB/с mice indicate significant 
effectiveness of the diet containing the bread from the 
bioactivated wheat grain.  

The analysis of the bone tissue microstructure proved that 
structural units of bones and connective tissue in the mice of 
Group 3 were formed earlier than in that of the control group. 
Changes in the calcium content in the bone tissue can be explained 
by the formation of bone tissue with age and the gradual 
deposition of calcium salts in it. The higher content of calcium in 
the bone tissue of the animals in Group 3 is related to the 
consumption of the bread from the bioactivated wheat grain as 
grain germination improves calcium bioavailability. Germination 
activates phytase which hydrolyzes phytin with formation of 
inositol and phosphoric acid salts. The subsequent phosphoric acid 
salts dissociation and formation of residues and metal ions 
(phosphorus, calcium, magnesium, iron, and zinc) improve mineral 
absorption in the body [22]. The experimental data obtained are 
consistent with the results of the studies by foreign scientists. 
Azeke, Baruah, et al. proved that germination of wheat grain 
increases phosphorus content and its availability for the bone 
growth [2, 23]. The increase in the bioavailability of iron in the 
germinated grains is demonstrated in the works of Nielsen et al. 
[1]. Bohn et al. studied how mineral bioavailability of various 
foods, including bread, can be improved by the use of exogenous 
phytases of fungal origin [7].  

We have proved that the bioavailability of mineral substances 
of the whole wheat bread can be increased by pre-treatment 
(germination) of the wheat grain due to the reaction of 
endogenous phytases with phytin. 

In the organism of the animals in Group 3, the activity of 
superoxide dismutase was the highest and the level of 
malondialdehyde was the lowest because effective antioxidants, 
such as bioflavonoids, vitamin E, and zinc, produced during the 
wheat grain bioactivation process boosted the antioxidant system 
of the animal body. 

 
Conclusion 
The experimental data show that the bread from the 

bioactivated wheat grain is richer in bio-absorbable mineral 
substances and powerful antioxidants that boost the animal body's 
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antioxidant system. It is recommended that people, especially the 
elderly, include such bread in their diet to reduce the risk of 
osteoporosis and cardiovascular diseases. 
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