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Obesity is a huge social problem. Creating a database of bioelement status of people with increased body 
weight, depending on gender and age, will allow to carry out preventive measures at an early stage. The observa-
tion groups were men and women aged 18-30 with a body mass index of 19–24.9 (control group) and a group with 
a  body mass index of 25–30. In total, there were 4 groups of 25 people each. A non-invasive method based on the use 
of X-ray fluorescence analysis was used to assess the bioelement balance. It should be noted that in the observation 
groups of men and women with increased body mass there are elevated concentrations of lead in the hair, which may 
reflect both the level of anthropogenic environmental pollution and insufficient diuresis. Correction of nutrition on 
the identified violations of bioelements at an early stage will allow for the prevention of overweight and thus have 
a  social effect.

Ожирение – это колоссальная социальная проблема. Создание базы данных биоэлементного статуса 
людей с повышенной массой тела в зависимости от пола и возраста позволит провести профилактические 
мероприятия на ранней стадии. В качестве групп наблюдения были взяты мужчины и женщины в возрасте 
18–30 лет с индексом массы тела 19–24,9 (контрольная группа) и группа с индексом массы тела 25–30. Всего 
под наблюдением было 4 группы по 25 человек в каждой. Для оценки биоэлементного баланса использовали 
неинвазивный метод, основанный на использовании рентгенофлуоресцентного анализа. Следует отметить, 
что в группах наблюдения мужчин и женщин с повышенной массой тела имеют место повышенные концен-
трации свинца в волосах, что может отражать как уровень антропогенного загрязнения окружающей среды, 
так и недостаточный диурез. Коррекция питания по выявленным нарушениям биоэлементов на ранней ста-
дии позволит провести профилактику избыточного веса и тем самым иметь социальный эффект. 
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According to the WHO, there are more than 1.7 billion people who are overweight or obese in the world. However, 
the citizens of many countries themselves do not believe that the scale of the problem is so serious. This was confirmed 
by a population survey conducted recently by the British analytical company Ipsos Mori. Total surveyed residents of 
28 countries. Only in three of them do people overestimate real obesity data. These are Japan, India and China, where, in 
reality, the percentage of obesity does not exceed 28 percent. The leaders of the survey were residents of Saudi Arabia, 
who believe that 28 percent are obese in their country, although in fact more than 70. Russians are in 3rd place with 57 per-
cent of fat people. An alarming indicator and the fact that in 10 countries, obesity is already characteristic of more than 
half of the population, but in four of them the recognized scale of the disaster and the real differed by 20 percent or more. 
Today, scientists believe that the main cause of obesity is unhealthy diet, followed by lack of physical activity, stress, 
external factors and heredity. “Today, our main threats are overeating and micronutrient deficiencies,” said Academician 
Victor Tutelyan, director of the Nutrition Institute.

The lack of an organism in mineral substances occurs in certain regions, where their content is reduced in soil and 
water. In cases of insufficient intake of minerals in the body, for some time, they can be replenished by mobilizing some 
parts of the body that have powerful reserves of macronutrients (for example, bone tissue contains calcium, magnesium, 
phosphorus; muscles - potassium; skin - sodium) and in case of insufficient their intake with food make up the deficit. As 
for the reserves of microelements in the tissues, they are insignificant and must constantly come from food. The problem 
of microelementoses is caused by the unfavorable ecological situation in our country, especially in large industrial centers. 
On the one hand, it is the increased concentration of the heavy metals in the environment, such as lead, mercury and some 
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other leading to the considerable tension of the immune system of the person. On the other hand, there are anthropogen-
ically and naturally caused deficiencies of vital microelements: iron, iodine, selenium, zinc, etc., which cause certain 
physiological and biochemical disturbances in normal human activity.

In most developed countries of Europe, between 15 and 25 percent of the adult population suffers from obesity. 
Recently, there is an increase in the frequency of obesity in children and adolescents around the world: in the developed 
countries of the world, 25 percent of adolescents are overweight, and 15 percent are obese. Being overweight in children 
is a significant predictor of obesity in adulthood: 50 percent of children who are overweight at 6 years of age become 
obese as adults, and in adolescence this probability increases to 80 percent. In Europe and the USA, the percentage of 
overweight people is much higher and every third is fat. In addition to everything else, every second one has a violation 
of the ratio of the growth of mass, upwards [1].

 The body mass index for a normal person of any body type from thin to wide bone is 19–24. If the coefficient is 25, 
then the person begins to gain weight, and after 27 the first problems from overweight begin to manifest. According to the 
compiled table of obese people of the world, the USA has become the leader, but there are Arab countries in the top ten: 
Kuwait, Croatia, Qatar and Egypt. Around the world, the average number of obese people varies around 9% among men 
and 13 percent among women. Approximately 55 percent of Belarusians are overweight and obese. The critical mark, 
after which it can be said that the nation is sick – has already been passed. According to statistics, in two years the world 
will be 2.3 billion overweight people and 700 million obese people, and this is a third of the world’s population. Therefore, 
the problem of obesity in our time is becoming increasingly urgent and begins to pose a social threat to people’s lives.

The World Health Organization (WHO) came to the conclusion that the main cause of the obesity epidemic in the 
world was the lack of spontaneous and labor physical activity of the population combined with excessive consumption 
of high-calorie fatty foods. Obesity significantly reduces the life expectancy of the average from 3-5 years with a slight 
excess weight, up to 15 years with severe obesity. In almost two cases out of three, the death of a person comes from 
a disease associated with the destruction of fat metabolism and fattening. Obesity is a huge social problem.

The effect of microelements on metabolic processes is realized, first of all, through their effect on the genetic appara-
tus of the cell. By binding to nucleotides, metal ions cause significant changes in the structure of nucleic acids. Therefore, 
the deficiency, excess and imbalance of microelements in the human body can lead to various genetic disorders at the level 
of germ cells in the form of gene, chromosomal or genomic mutations. Disruption of the exchange of microelements (both 
their lack and excess) in the body of a pregnant woman can cause various malformations. Genetic disorders of the metab-
olism of microelements can be primary, affecting all metabolic processes in the body or disturbing only certain stages of 
the metabolism of certain microelements, and secondary, caused by other genetic effects. [2].

Creating a database of bioelement status of people with increased body weight, depending on gender and age, will 
allow to carry out preventive measures at an early stage.

The purpose of the work is to assess the risk groups for the development of polydismicroelementoses depending on 
the body mass index and to develop methods for their prevention.

The Research was carried out on the basis of the laboratory of physic-chemical methods for the study of environmen-
tal objects of the Grodno State University. Y. Kupala, which has laboratory areas, equipment for studying the content of 
chemical elements in various objects in the form of an X-ray fluorescence analyzer with software, methods approved by 
the RB supervisors, computers with software. Equipment for sample preparation (press, molds, electronic scales).

The observation groups were men and women aged 18–30 with a body mass index of 19-24.9 (control group) and a 
group with a body mass index of 25–30. In total, there were 4 groups of 25 people each.

To assess the bioelement balance, a non-invasive method will be used, based on the use of X-ray fluorescence anal-
ysis, which does not require complicated sample preparation, does not consume the sample substance, does not change 
its chemical composition, it allows you to analyze the same sample the necessary number of times and avoid loss. And, 
very importantly, the speed of obtaining information about the object under study, without significant costs. Based on the 
method for determining the chemical elements in biological samples (hair) by XRF method on the instrument CEP-01 – 
MT “МВИ.MH 3730-2011”.

The content of the bioelements in the hair reflects retrospectively their consumption for a considerable period of 
time, which allows us to characterize the general elemental status of the human body and evaluate the effect of actual 
nutrition on its formation. Very promising is the use of hair samples as archival material in historical biomonitoring, 
which, with the continuous improvement of the analytical base, opens up new possibilities for this type of control of the 
level of elements in the human body and for the assessment of environmental pollution. The scientific and medical data 
accumulated to date on the role of mineral elements in the functioning of individual organs, systems and the human body 
as a whole, data on the consequences for human health, nutrient deficiencies, vital elements and toxic excess can be gen-
eralized and widely used in diagnostic and medical practice (table 1).

Reference standards for microelements are respectively: Ca 550–1700 µg / g, Zn120–200 µg / g, K 70–30 µg / g, 
I 0.4–4.0 µg / g, Fe 10–30 µg / g, Cu 9–30 µg / g, Se 0.3–1.2 µg / g, Mn 0.5–2.0 µg / g, Cr 0.5–5.0 µg / g, S 21000–
49000 µg / g , Br 2.0–12 µg / g, Cl 60–560 µg / g, Co 0–2 µg / g, Ag 0–2 µg / g, V 0–1 µg / g, Ni 0–3.5 µg / g,  
Rb 0–2 µg / g, Mo 0–3 µg / g, Sr 0–3 µg / g, Ti 0–4.4 µg / g, Ba 0–5 µg / g, 93 Pb 0–5 µg / g, As 0–2 µg / g,  
Hg 0–2 µg / g, Cd 0–1 µg / g, Sb 0–1.6 µg / g, Zn 0–2 µg / g, Sn 0–3 µg / g. The obtained data were processed on a 
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personal computer, using the statistical package “Statistic for Windows” 6.0, Excel 2003 and educational and methodical 
recommendations on the main features of the statistical package “Statistic for Windows” and application programs [3; 4].

Table 1 – Informative definition of chemical elements in the blood, urine and hair 
 (Krause С. et al., 1989; Sabbioni E. et al., 1992)

Element Blood Urine Hair Element Blood Urine Hair
As + + + Fe – – +
Al – – + Pb + – +
Ba – – + Mg – – +
Bi + – – Hg + + –
В – – + P – – +

Cd + + + Se + – –
Ca + + + Ag + – –
Cr + + – Sr – – +
Co + – – Tl + – –
Cu + + + Zn + – +

As a result of the research, an imbalance in the concentration of micro and macro elements in the body of women 
with increased body weight was revealed:

– 86 percent of women had a high calcium content in the hair, which exceeded the reference norms by 2–2.5 times, 
(it can be assumed that there is a tendency to osteoporosis);

– 60 percent of women had a low zinc content of 1.5–2 times the reference levels (we can assume the presence of 
endocrine pathology, hidden allergies);

– 40 percent of women had a low potassium content, which is 1.5 times lower than the reference value (it can be 
assumed that there is a cardiovascular pathology);

– 30 percent of women had a high iron content, which exceeded 1.5–2 times the reference values (it can be assumed 
that liver disease occurs);

– 80 percent of women have impaired potassium / chlorine metabolism (it can be assumed that kidney disease occurs)
– 70 percent of men have protein deficiency;
– 70 percent of males have a calcium / potassium imbalance disorder;
– 30 percent of men can assume endocrine pathology.
In 30 percent of cases, a high lead content, in some cases exceeding the upper limit of the norm by 2 times in 20 % 

of cases (it is necessary to carry out detoxification adjustments of the diet (unknown cause)
The calculated Ca / K ratio in the median is 30, while the reference value is up to 5. There is a significant deviation in 

the calcium-potassium metabolism. As is known, the Ca / K ratio is proposed to be used to assess the activity of calcium 
regulatory hormones as a bioelement expression of their effect. An increase in its value, in this case 6 times, may indicate 
a violation of the hormonal activity of the endocrine glands that regulate calcium metabolism. The calculated Zn / Cu ratio 
in the median was 6, with a reference value of 8.

Attention is drawn to identical changes in groups of men and women with a body mass index of 25–30 – a decrease 
in the content of Ca, Zn, K. in hair.

It should be noted that in the observation groups of men and women with increased body mass there are elevated 
concentrations of lead in the hair, which may reflect both the level of anthropogenic environmental pollution and insuf-
ficient diuresis.  It is known that the deficiency of essential microelements necessarily violates the basic processes of the 
body. The insufficiency of such elements affects the most subtle mechanisms of maintaining homeostasis, the basis of the 
existence of the living. The lack or excess of such microelement is accompanied by a cascade of metabolic disorders. In 
conditions of deficiency or microelement toxicosis, quite characteristic diseases and syndromes arise.

For toxic and conditionally-toxic microelements also deficient states in humans have not been established. Their ac-
cumulation in the body leads to various toxicoses with damage to various organs and systems. The scientific and medical 
data accumulated to date on the role of mineral elements in the functioning of individual organs, systems and the human 
body as a whole, data on the consequences for human health, nutrient deficiencies, vital elements and toxic excess can be 
generalized and widely used in diagnostic and medical practice. 

It is known that by eating food of the same distribution in energy value of proteins, fats and carbohydrates, some 
people gain weight and others do not. People who are predisposed to obesity, disrupted the mechanism of energy con-
sumption, in particular, due to lower energy consumption for basal metabolism [5].

Studies are preliminary and require more detailed study and statistical processing.
It can be assumed that the imbalance of bioelements is associated with impaired metabolism against the background 

of increased body weight and lead accumulation, which requires detoxification measures against the background of nutri-
tion correction for vital elements (calcium, zinc, potassium).

It is necessary to establish the relationship between the bioelement status and the actual nutrition of the observation 
groups.
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Correction of nutrition for the identified violations of bioelements at an early stage will allow for the prevention of 
overweight and thus have a social effect: prevention of cardiovascular, oncological and endocrine diseases and, as a con-
sequence, an increase in life expectancy. 
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The total phenol contents of methanol extract change between 875.14 and 784.39 mg GAE/ 100 g. In ad-
dition, total phenol contents of methanolic extracts stored at +4 °C changed between 987.46 (2th month) and 
819.57 mg GAE/100 g. So, while antioxidant values of methanol extracts depending on storage are determine betwe-
en 795.61 and 711.47, antioxidant activity values of ethanol extracts changed between 744.83 and 668.51. With 
respect to flavonoid contents of extracts, these values for methanol extracts were found between 44.13 (1th month) 
and 20.43  (12th month). These values obtained from extracts of S. fruticosa stored at refrigeroter (+4 ºC) were found 
higher then those of results kept stored room temperature. Also, antioxidant activities of methanol extracts kept at 
+4 ºC changed between 857.41 and 746.84 mg/ml.

Общее содержание фенола в метанольном экстракте изменяется от 875,14 до 784,39 мг ЭГК/100 г. Кроме 
того, общее содержание фенола в метанольных экстрактах, хранящихся при +4 ºC, изменялось между 987,46 
(2-й месяц) и 819,57 мг ЭГК/100 г. Таким образом, в то время как антиоксидантные значения метанольных 
экстрактов, в зависимости от хранения, определяются между 795,61 и 711,47, антиоксидантные активности 
этанольных экстрактов изменяются в пределах 744,83 и 668,51. Что касается содержания экстрактов флаво-
ноидов, эти значения для экстрактов метанола найдены между 44,13 (1-й месяц) и 20,43 (12-й месяц). По-
казатели, полученные по экстракту S. fruticosa, хранившемуся в холодильнике (+4 ºC), оказались выше, чем 
результаты, полученные при комнатной температуре. Кроме того, антиоксидантная активность метанольных 
экстрактов, хранившихся при + 4 °С, изменялась между 857,41 и 746,84 мг/мл.

Keywords: total phenol actıvıtıes, flavonoıd actıvıtıes, antıoxıdant actıvıtıes, sage, GAE.

Ключевые слова: общая фенольная активность, флавоноидная активность, антиоксидантная активность, 
шалфей, ЭГК.




