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Abstract  

It is well known that the enzymatic activity is dependent to the presence in the reaction 
environment of the activators and inhibitors. In most cases, the latter ones are represented by the 
heavy metals. This study hypothesis was that the usage of a feed additive may normalize the 
metabolic enzymatic processes in animals through the facilitation of the heavy metals excretion. The 
original findings have shown positive impact after 30 days of pectin usage as feed additive on 
piglets rearing, at an optimal dose of 0.3 g/kg body weight, in order to decrease cadmium, cooper, 
lead and mercury in all organs and tissues to the BAC levels (boundary acceptable concentration). 
Other effects were the normalization of metabolic processes, especially the level of mineral and 
albuminous metabolism and the overall improvement of the blood biochemical parameters. 
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INTRODUCTION1 
Recently in veterinary science and 

practice considerable attention is given to 
animal health, sanitary status of the 
agricultural lands, farms and food processing 
plants of high quality. However, in some 
regions, Ukraine faces a complicated 
ecological situation, which leads to lower 
health quality of animal products as arriving 
at processing plants or used as feed [8]. 

Among the main substances - 
environmental pollutants the first places are 
occupied by the chemical elements that 
belong to the group of heavy metals. They 
pose the greatest threat to animals and 
humans - showed the analyses of recent 
research and publications [14], [16]. The very 
incipient and important solution of this 
problem would be the introduction of 
effective natural remedies to reduce the 
negative impact of intoxicants on animals 
and improve feed and consequently quality in 
the ecological sense [7], [11], [12], [13]. 

The issue of chemical pollution of the 
biosphere by heavy metals is “the red thread” 
in many spheres of modern scientific 
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research [5], [17]. Many scientists have 
studied the problem of the negative impact of 
elevated concentrations of heavy metals in 
the body of animals [1], [10], [15], [18], [19]. 
Moreover, these pollutants could pass into 
edible animal products and, from there, 
toward the end of the food chain – the human 
consumers, endangering their health and life 
[2], [6]. Effective ways of excretion of heavy 
metals from the animal's body are quasi-
inexistent, and this is the reason of finding 
solutions to improve the parameters of 
animal production, which is not always 
environmentally friendly [9]. 

The aim of the research was to assess the 
effect of pectin feed additive on the intensity 
of the withdrawal of heavy metals from the 
organs and tissues, on the level of excretion 
metabolism, mineral and protein metabolism 
in the body piglets reared for fattening. 

The task of research was to investigate 
the background levels of heavy metals in the 
organs and tissues of piglets and in the faces; 
to test the effect of usage of pectin as feed 
additive on the intensity of heavy metals 
excretion; to establish the effect of pectin 
feed additive on biochemical traits of blood 
albumin metabolism. 
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MATERIALS AND METHODS 
The study was carried out on piglets 

belonging to the Ukrainian Large White 
breed (for fattening) in 20 individuals per the 
control and experimental groups, at a live 
weight of 25 kg. Piglets in the control group 
were fed the basic diet, pigs in the 
experimental group - the main diet with the 
addition of feed additives pectin at a dose of 
0.3 g/kg body weight throughout 30 days. 

The control of the intensity of withdrawal 
of heavy metals from the piglets organisms 
due to pectin usage as feed additive was 
performed on the 1st, 15th and 30th day of 
study, by sampling tissues and parenchymal 
organs of slaughtered pigs in the control and 
experimental groups. 

The material for the studies consisted in 
samples of blood, feces, and tissues from the 
reared piglets. Content of heavy metals 
(cadmium, copper, of lead, zinc, mercury) in 
selected samples was determined by stripping 

voltammetry on the device ABA-2 after 
previous mineralization with "Temos Express". 

The liver metabolic rate, as well as its 
impact on the blood biochemical pool, as 
consequences of pectin usage as detoxifying 
agent in piglets organisms was investigated 
through assessments related to certain 
enzymatic, minerals and protean traits, such 
as: total protein, amylase, AST, ALT, Са, P, 
Nа, creatinine, urea, albumin and globulin 
levels, using regular clinical biochemistry 
methods [4]. 

 
RESULTS AND DISCUSSIONS 

Accumulation of heavy metals in the 
kidney of pigs is presented in Table 1. 

The acquired results show that the 
content of cadmium in the kidneys of piglets 
in the experimental group throughout the first 
15 days of pectin usage as feed additive 
exceeded 9.6 folds the maximum allowable 
concentration; on the 30th day reached normal 
tolerable levels. 

 
Table 1 Contents of heavy metals in the kidney of piglets fed with pectin feed additive (n=3) 
             (Mean±StDev) 
 

Element 

Period of research, days 
1 15 30 1 30 

Experimental group 
mg/kg 

Control group 
mg/kg 

Cd 0.916±0.065 0.48±0.067 0.017±0.002 0.62±0.040 0.70±0.067 
Cu 4.17±0.45 3.02±0.38 0.621±0.081 4.64±0.07 8.74±0.12 
Pb 0.22±0.033 0.122±0.017 0.104±0.06 0.20±0.03 0.23±0.033 
Zn 14.3±0.48 13.04±0.22 9.7±3.39 14.60±0.27 19.8±0. 71 

 
In the control group, this indicator on the 

1st and 30th day exceeded the BAC (boundary 
acceptable concentration) of 12 and 14 folds 
respectively. The content of cooper, lead and 
zinc were within the BAC, indicating that the 
antagonistic effect of cadmium with respect 
to these elements.  

Analysis of the data suggests that the 
usage of pectin feed supplement for 30 days 
had a positive impact on the intensity of the 
excretion of cadmium from the kidney of 
experimental group piglets, as evidenced by 
the reduction in the last 8 times, while the 
residual content of toxicants exceed the BAC 
2.34 folds.  

Research has shown that the content of 
copper and zinc in the liver of pigs in control 

and experimental groups on the 30th day of 
research, compared to the maximum 
permissible levels of cadmium and lead 
content was 1.3 and 3.74 folds higher, 
respectively, in the control group. In the 
experimental group was recorded moderate 
concentration for the entire period of the 
experiment and a downward trend. 
Therefore, we found that the content of all 
elements in the liver of piglets in the 
experimental group was within the boundary 
acceptable concentration, after 30 days of 
pectin usage through dietary inclusion. 

The obtained research results show that 
the content of cooper and zinc in the spleen 
of the pigs in control and experimental 
groups throughout the study period was 
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within the BAC. Cadmium content in the 
spleen of pigs in the control group 
throughout the experiment exceeded the 
BAC and tended to increase. Research has 
established that in the spleen of piglets 
experimental group content of cadmium and 
lead on the first day of studies exceeded the 
norm by 3.9 and 4.05 folds, respectively, 
after 15 days of pectin feed additive usage, 
the excess relative to the BAC was 3.7 and 
3.1 folds, indicating therefore a decrease of 
pollutant levels. After 30 days, the contents 
of cadmium and lead in the spleen of piglets 
in the experimental group decreased to the 
levels of BAC. 

Levels of cadmium in cardiac muscle of 
pigs in the experimental group, during the 1st 
and 15th days of research exceeded the norm 
by 3.46 and 1.82 folds, while in the control 
group the exceeding was 1.98 and 4 folds 
respectively. Supplementary feeding of 
piglets in the experimental diets with pectin 
induced a decrease of Cd to the level of the 
BAC. 

The content of cooper and zinc in cardiac 
muscle of pigs in the control and 
experimental groups was within the BAC.  

The level of lead in the cardiac muscle of 
pigs in the experimental group had a 
moderate concentration, while in control 
group it was noticed an increasing tendency, 
to reach then 4 folds level compared to the 
BAC, on the 30th day. 

Cadmium content in adipose tissue of 
pigs in the experimental group in the 1st and 
15th day of pectin usage exceeded the norm 
by 1.6 and 1.2 folds, while on the 30th day it 
decreased to minimal levels and was in 
accordance with the BAC. In the control 
group, on the same kind of samples, this 
element was rapidly accumulated from the 1st 
to the 30th day of the experiment and 
exceeded the maximum permissible level of 
3.2 and 3.4 folds. 

The lead content in adipose tissue of pigs 
in control and experimental groups was 
situated at the upper limit of the BAC, with 
increases from the 1st till the 30th day of the 
study. The levels of copper and zinc were 
lower compared to BAC ones. 

Excess of cadmium was found in the 
muscle tissue of pigs of the control and 

experimental groups on the 1st day of 
research, 1.34 and 1.52 folds respectively. 

Usage of pectin as piglets feed additive 
contributed to the decrease of 1.2 and 2 folds 
after 15 days and 30 days of feeding, 
compared with the first BAC to the limits. 

In the control group, the accumulation of 
toxic elements in muscle tissue continued to 
increase, and exceeded the norm by 1.8 folds 
after 30 days of experiment. The level of lead 
in muscle tissue of pigs in the control group 
exceeded the BAC levels in the 1st and 30th 
day of research by 1.6 and 1.3 folds. 

There are the following ways of 
removing toxins from the body: the kidneys 
via urine, the gastrointestinal tract via feces 
and, for a small part the lungs via exhalation. 
In order to identify ways of removing heavy 
metals from the piglets were selected 
excrements in animal experiments, carried 
out sample preparation and method of 
stripping voltammetry investigated heavy 
metals in urine and feces. The research 
results indicate the particularity of pectin 
reaching the gut to bind and adsorb heavy 
metals and to turn them into insoluble 
complexes which are eventually evacuated 
from the body through defecation. 

The original findings suggested that 
pectin facilitated the cadmium excretion 
more efficiently through the kidneys, via 
urine and also through the gastrointestinal 
tract via feces. So, in the 15th day, 15.87% of 
accumulated Cd was eliminated in feces and 
31.27% in urine; 5.8 % of the lead was found 
in feces and 23.8% in urine, while 35.76 % of 
the copper was removed through the urinary 
system and 20.68% through defecation. The 
differences between the 1st and 15th day of 
feeding pectin as feed additive, related to all 
elements except for zinc in the urine reached 
the probability threshold of P ≥ 0.999, while 
for Zn in the feces of P ≥ 0.99. The 
difference between the 15th and 30th day for 
the content of all elements studied in feces 
and urine in addition to cooper revealed a 
probability of P ≥ 0.999. 

The difference between the 1st and the 
30th day of feeding supplementary pectin, for 
all pollutant elements excreted via feces and 
urine of piglets is about P ≥ 0.999, in 
addition to cadmium. 
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It was established that the use pectin feed 
additive for 30 days in fattening piglets 
facilitated the removal of heavy metals: 
cadmium, lead, copper from the body of 
animals to the levels of BAC. 

Moreover, the usage of the same feed 
additive generated positive impact on 
normalizing albumin and mineral metabolism, 
as well as metabolic rate (Table 2). 

Studies have shown that after 30 days of 
pectin usage, the amylase in the blood of pigs 
in the control group was 2.6 folds higher than 
normal while in the experimental group it 
was found 2.38 times higher. Comparing 

amylase on the 15th day of feeding pectin 
with the values assessed on the 30th day of 
research, a decrease of 7.6 % was noticed. 
However, the difference between the 
performances of the control and experimental 
groups was not statistically significant. The 
content of total protein in the blood of piglets 
of control and experimental groups was 
within normal limits. 

In certain individuals, the total serum 
blood protein levels were found lower than 
the norm (piglets bearing the reg. nos. 01278; 
01178; 01467), with proportional deviations 
of 5.14; 11.8; 1.88%. 

 
Table 2 Biochemical blood parameters of pigs (30th day of the experiment) (n=10) (Mean±StDev)  
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Exp. 73.8 
±3.8 

83.38 
±6.45 

0.95 
±0.01*** 

1.196 
±0.02*** 

4.96 
±0.34*** 

2.39 
±0.08** 

139.9 
±1.83 

0.138 
±0.01 

3.2 
±0.34 

Control 61.3 
±4.7 

92.42 
±8.37 

1.59 
±0.16 

1.99 
±0.19 

2.68 
±0.29 

1.77 
±0.11 

138.6 
±1.45 

0.117 
±17.1 

1.99 
±0.15 

Normal 
values 

58.3-
83.2 35 0.6-2.1 0.3-1.2 2.5-2.9 1.8-3.0 139-

152.5 
0.0696-
0.207 

2.9-
8.8 

Note: *, P ≥ 0,95; ** - P ≥ 0,99; *** - P ≥ 0,999 
 

Research has established that the activity 
of transaminases AST in serum of piglets of 
control and experimental groups were within 
normal limits. ALT is mainly concentrated in 
the cytoplasm and AST majority located in 
mitochondria, ie packed deeper in the cell 
than ALT, so the inflammation and 
hepatocyte violating its penetration of 
membranes before all levels of ALT 
increases the content. In this connection, the 
activity of ALT in the control group 
exceeded the rate by 1.3 folds in 
development, however within normal limits. 

It was established that the activity of 
enzymes AST and ALT in serum of 
experimental animals after 30 days of 
feeding, meets the norm, as evidenced by the 
de Rites coefficient and the termination of 
inhibitors and activators as heavy metals 
which were due to their pectin-binding and 

adsorption and excretion from the body. The 
difference between the indices of activity of 
transaminases AST and ALT of control and 
experimental groups had a high level of 
probability (P>0.999 And P>0.999). 

The table shows that calcium, phosphorus 
and sodium in the blood of piglets in control 
and experimental group were within the 
physiological norms. However, the difference 
between the calcium and phosphorus levels 
in the blood of piglets belonging to control 
and experimental groups met a high level of 
probability, respectively (P>0.999 for both). 

It was found that the content of creatinine 
in the blood of piglets in control and 
experimental group during the 30th 
experimental day was consistent with normal 
values, reaching 0.117 ± 17.1 and 0.138 ± 
0/01 mmol/l, respectively. 
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The content of urea in the blood of pigs in 
the control group remained relatively lower 
standards in 1.5. It is known that a decrease 
in urea concentration observed in 
parenchymatous icterus, cirrhosis of the liver 
[3]. The concentration of urea in the blood 
serum of piglets experimental group conform 
with the standards and was 3.20 ± 0.34 
mmol/l (normal range: 2.9-8.8 mmol/l). The 
differences between the performance of the 
control and experimental groups were not 
statistically significant. 

Heavy metals that accumulate in organs 
and tissues affect metabolic processes in the 
body. Therefore, a more accurate 
understanding of the physiological condition 
of the body through conducting in deep 
research is available not only in total protein, 
but in protein fractions - albumin and 
globulin. Levels of total protein and protein 
fractions in the serum of piglets after 30 days 
of pectin usage as feed additive are presented 
in Table 3. 

 
Table 3 Contents of total protein and protein fractions in the serum of piglets (30 days of a study) 
             (Mean±StDev)(n = 10) 
 

Group The overall 
protein, g/l 

Albumin content Globulin content 
A / G ratio g / l % of the total 

protein g / l % of the total 
protein 

Experimental 73,8±3,8 31,7±2,1 42,95±1,21 42,1±2,1 57,04±1,22 0,76±0,04 
Control 61,3±4,7 29,8±2,2 48,61±0,66 31,5±2,1 51,38±0,66 0,93±0,07 

 
The results show that total protein in the 

experimental group after 30 days has 
increased by 20.4% compared with the 
control. Positive changes also occurred in the 
experimental group, related on the content of 
albumin. So, it the albumin in the blood 
serum of piglets experimental group was 
higher by 6.3% compared with the control 
group, indicating an improvement of the 
protective properties of the body. 

Research has established that the content 
of globulin in the blood serum of piglets in 
the experimental group was higher by 
33.36% compared to the control group. 

The results indicate improved protein 
levels in the investigated pigs due to the 
normalization of metabolism in their bodies, 
as a consequence of the pectin usage as feed 
additive, hence the total serum protein of the 
pigs in both groups on the 30th day of 
research was found within the physiological 
limits. 

 
CONCLUSIONS 

1. Usage of pectin as feed additive for 30 
days in piglets diet facilitated the removal of 
heavy metals cadmium, lead, copper from the 
body of animals to the levels of BAC. 

2. Research has demonstrated the positive 
impact of pectin feed additive in normalizing 
the metabolic processes, the level of mineral 

and protein metabolism as well as the 
morphological composition of the blood in 
fattening piglets. 
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