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Introduction
Numerous studies have shown that weaning is the most 
challenging period for pigs, affecting their welfare and 
productivity significantly [1-3]. During this time, piglets 
are exposed to several factors, including psychosocial 
(separation from the mother and movement to new 
groups), immunological, infectious, metabolic, and 
nutritional stress. These factors often result in diarrhea 
and intestinal damage, which can negatively impact 
the survival rate of young animals. The post-weaning 
mortality rate can range from 6-10% and can sometimes 
go up to 20%. To address this, animal nutritionists have 
been working to optimize feed composition to meet the 
needs of newly weaned pigs and have been exploring 
various nutritional factors and housing conditions to 
promote piglet health [4-6]. 

Herbs and essential oils are used in pig nutrition due to 
their antibacterial, anti-inflammatory, antioxidant, and 
antiparasitic properties. The use of herbs in pig nutrition 

has shown many positive results, such as improving the 
taste of feed, increasing appetite, regulating digestion 
and metabolic processes, and lengthening intestinal villi, 
which improves the digestibility and digestion of the feed 
ration [7, 8]. Researchers have also found that herbs decrease 
post-weaning diarrhea in piglets by reducing the number 
of Escherichia coli and ammonia emissions [9].

Common nettle (Urtica dioica L.) is a wild herbaceous 
perennial flowering plant that grows in Europe, Asia, North 
Africa, and North America. Nettle is known for its anti-
inflammatory, anti-proliferative, antioxidant, analgesic, 
anti-infective, hypotensive, and anti-ulcer properties. 
It can reduce the intensity of hormonal changes in the 
body, act as a coagulant, and be used to make fertilizers 
and insecticides. The plant’s multifaceted chemical 
composition, which includes carboxylic acids, amino acids, 
lipids and fatty acids, nitrogen-containing compounds, 
essential oils, steroids, lectins, lignans, coumarins, histamine, 
pigments, vitamins, tannins, flavonoids, trace elements, 
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Abstract

The article deals with the use of a plant extract to improve metabolic processes and the 
adaptive capacity of piglets during the weaning period. The study focused on the effects 
of a 40% ethanolic extract of nettle (Urtica dioica L.) on hematological and biochemical 
parameters in the blood of piglets. The piglets were divided into two groups - control 
and experimental with 9 animals in each group. From 14 days of age until weaning, 
the experimental animals were fed with the nettle extract at a rate of 6 mg/kg body 
weight for 22 days. Blood samples were collected at 14, 36, and 42 days of piglets’ age. 
The study found that the nettle extract improved the blood respiratory function and 
positively influenced protein and energy metabolism in piglets. The nettle extract led to 
increased hemoglobin concentration, erythrocytes and leukocyte count, total protein, 
transaminases activity, glucose concentration, alkaline phosphatase and creatine kinase 
activity. The piglets fed with nettle extract showed a 10% higher live weight and average 
daily gain at 42 days of age, and a 12% higher safety rate compared to piglets fed with a 
standard diet. The results indicate that adding 40% nettle extract to the standard piglets’ 
diet can stimulate metabolic and adaptive processes, as well as improve productive 
performance during the critical period after weaning.
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and macronutrients, determines its high pharmacological 
properties  [10,11]. Because of the vast array of natural 
biologically active compounds that make up nettle, 
and the large amounts of environmentally friendly raw 
materials available on almost all continents, it’s possible  
to isolate these compounds and develop new drugs and 
food additives from nettle extract. These extracts can 
increase adaptive capacity, and correct metabolic disorders 
in animals and humans, making this research extremely 
relevant [12,13]. 

The study aimed to determine the effect of ethanol extract 
of common nettle on some biochemical, hematological, 
and productive parameters in piglets during weaning.

Material and Methods
Ethical Statement

The permission to perform the experiments was obtained 
from the Bioethics Committee of the Institute of Animal 
Biology NAAS of Lviv, Ukraine, approval No 77 of 
20 December, 2021. All experiments were conducted 
according to the EU Directive 2010/63/EU for animal 
experiments. 

Experimental Plant, Collection, Identification and 
Preparation

The common nettle (Urtica dioica L.) was harvested in the 
Skole district, located in the Carpathian highlands. The 
plant was identified as the common nettle (Urtica dioica 
L.) using the atlas-identifier of plants of Ukraine [14]. Nettle 
air parts were dried under normal conditions (in a dark 
place, temperature 20-25°C, relative humidity 30-60%). 
The dry material was then crushed to a particle size of 1.5 
mm and placed in the extractor. The extraction process 
took eight days at a temperature of 20°C. We used a 
classical maceration with the ratio of raw material to 40% 
water-alcohol solution as an extractant (1:20, m/v). After 
extraction, the nettle extract was filtered and dehydrated 
using a rotary evaporator until it acquired a powdery 
form. For the experiment, the dry extract was used. 

Experimental Animals and Design

The experiment was performed on 14-day-old piglets of a 
large white breed with a live weight from 5.18 to 5.48 kg. 
After farrowing two groups (control and experimental) 
were formed: 3 sows with piglets in each group. Each 
sow was kept in a separate cage with piglets (8-10 heads). 
On the 35th day after birth, piglets were weaned and each 
litter was kept in a separate weaner cage. Animals were 
fed a standard diet ad libitum, using a premix from Sano 
(Ferkengold Forte) for weaned piglets with free access to 
feed and water.

Piglets of the experimental group (Nettle) received a 40% 

extract of nettle in the dose of 6 mg/kg of body weight. 
The feed was mixed with a dry nettle extract and added 
to the feeders each morning for a group of animals in the 
cage from the 14th day after birth and to the weaning day 
(35th day of age). The extract feeding period lasted 22 days. 
At the same time, sows did not have access to the feed crib. 
The piglets of the control group (Control) were kept on 
a standard diet. The experiment lasted 30 days. Blood of 
piglets for the study (3 heads from each cage, 9 animals 
from the group) was taken before morning feeding from 
the anterior vena cava at 14, 36 (1 day after weaning), 
and 42 days of age (7 days after weaning). The survival 
and morbidity of piglets of both groups were monitored 
during the experiment. At the beginning and at the end of 
the experiment, the piglets were weighted.

Sampling Procedures

Piglets’ blood and plasma were studied. 1% solution of 
heparin was used as an anticoagulant. The blood plasma 
was separated by centrifugation at 700 g for 15 min. 
Hematological parameters (number of erythrocytes and 
leukocytes in the Goriayev chamber) were determined in 
the blood and hemoglobin concentration was studied by 
hemoglobin-cyanide method [15].

Biochemical Analysis

The total protein in blood plasma was determined by the 
Lowry method [16], glucose concentration was measured 
by the glucose oxidase method [15], the activities of the 
creatine kinase (СК, EC 2.7.3.2), alkaline phosphatase 
(ALP, EC 1.11.1.7), alanine aminotransferase (ALT, EC 
2.6.1.2) and aspartate aminotransferase (AST, EC 2.6.1.1) 
- using the kits “Simko LTD”. The absorbance values were 
measured on a spectrophotometer “Unico” 1205 (USA). 

Statistical Analysis

The result among the groups were analyzed by one-way 
ANOVA followed by Tukey’s multiple comparison tests. 
Statistical difference was considered significant at P<0.05. 
Results were expressed as mean ± Standard error of mean.

Results
In the animals of the experimental group, nettle extract 
caused a significant increase in hemoglobin concentration 
by 6% (P<0.001) and 12% (P<0.001) on days 1 and 7 after 
weaning from sows (Fig. 1). 

During the experiment, it was observed that 36 and 
42-day-old piglets in the experimental groups had 8% 
(P<0.01) and 7% (P<0.01) more erythrocytes than the 
control group, respectively. In addition, the number of 
leukocytes in the experimental group on the 1 day after 
weaning was found to be 5% higher than that of the control 
group (P<0.001) (Fig. 2-A,B). At 42 days of age, both the 
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control and experimental groups showed a significant 
increase in the concentration of Hb (P<0.05) (Fig. 1) and 
the number of erythrocytes (P<0.01) (Fig. 2-A). Similarly, 
the number of leukocytes increased significantly on days 
36 and 42 of life in both groups compared to the beginning 

of the experiment, with an average increase of 1.3 times 
(P<0.001) (Fig. 2-B).

Our results have shown that at 36 and 42 days of age, the 
experimental group of piglets showed a significant increase 
in the content of total protein in their blood plasma by 
15% (P<0.001) and 6% (P<0.001) respectively, compared 
to the control. It’s worth noting that the total protein in 
the control group of piglets significantly decreased by 
5% (P<0.01) on the first day after weaning, while the 
experimental piglets’ concentration increased by 11% 
compared to the beginning of the study (P<0.001). By day 
42, the total protein in the blood of animals significantly 
increased by 15% (P<0.001) in the control group and 23% 

(P<0.001) in the experimental group compared to day 14 
of life (Fig. 3). 

In the experimental group of animals, an increase in  
the activity of AST by 25% (P<0.001) and 15% (P<0.001) 
and ALT by 2.1 (P<0.001) and 1.5 (P<0.01) times was 
observed within the normal physiological range, on the 
1 and 7 days after weaning, respectively, as compared 
to the control group. Both enzymes showed an increase 
in their activity at the same age periods in the blood of 
experimental piglets by 2 (P<0.001) and 1.5 (P<0.001) 
times, compared to 14-day-old animals However, in 
control animals, the activity of these enzymes remained 
at the same level throughout the experimental period 
(Fig. 4).

At 1 and 14 days after weaning, a significant increase of 
glucose in the blood plasma of the experimental animals 
compared to the control by 11% (P<0.01) and 10% 
(P<0.01), respectively, was found. Moreover, the decrease 
in the content of this metabolite was found in 36-day-old 
control and experimental piglets by 21% (P<0.05) and 12 
% (P<0.05), respectively, compared to the beginning of the 
study, as shown in Fig. 5.

Fig 1. The concentration of hemoglobin in the blood of piglets (M ± SE,  
n = 9). * the differences are significant between the control and 
experimental groups of piglets (* P<0.05; ** P<0.01; *** P<0.001); # the 
differences are significant compared to 14-day-old animals (# P<0.05; 
## P<0.01; ### P<0.001); Control - control group of piglets; Nettle - 
experimental piglets, which were fed additionally to the standard diet 40% 
extract of nettle (Urtica dioica L.) in the dose of 6 mg/kg of body weight

Fig 3. The concentration of total protein in the blood of piglets (M ± SE,  
n = 9). * the differences are significant between the control and 
experimental groups of piglets (* P<0.05; ** P<0.01; *** P <0.001); # the 
differences are significant compared to 14-day-old animals (# P<0.05; ## P 
<0.01; ### P <0.001)

Fig 4. The activity of aminotransferases (alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST)) in the blood of piglets (M ± SE, n = 
9). * the differences are significant between the control and experimental 
groups of piglets (* P<0.05; ** P<0.01; *** P<0.001); # the differences 
are significant compared to 14-day-old animals (# P<0.05; ## P<0.01; ### 
P<0.001)

Fig 2. The number of erythrocytes (A) and of leukocytes (B) in the blood of 
piglets (M ± SE, n = 9). * the differences are significant between the control 
and experimental groups of piglets (* P<0.05; ** P<0.01; *** - P<0.001); # 
- the differences are significant compared to 14-day-old animals (# P<0.05; 
## P<0.01; ### P<0.001)
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In the study, it was found that the activity of ALP and CK 
increased significantly in the blood of piglets subjected 
to nettle treatment at 36 and 42 days of age compared to 
animals on a standard diet. The activity of ALP increased 
by 25% (P<0.001) on the first day after weaning and 
by 10% (P<0.01) on the seventh day in comparison 
with control group, while decreasing in both groups of 
piglets by three times compared to 14-day-old animals 
(P<0.001) (Fig. 6-A). The activity of CK was also found 
to be significantly increased in 36-day-old experimental 
animals by 1.4 times (P<0.001) and in 42-day-old animals 
by 1.8 times (P<0.001) compared to the control group. 
Furthermore, the activity of CK increased significantly in 
the blood of both control and experimental piglets by 1.4 
times (P<0.001) and 2 times (P<0.001) respectively on day 
1 after weaning. However, on day 14 in control piglets, the 
activity of CK decreased by 1.4 times (P<0.001), whereas 
in experimental animals, it remained 1.3 times higher 
(P<0.001) (Fig. 6-B).

The performance of piglets of both groups was determined 
for the experiment. At 14 days after birth, both groups  
had a live weight between 5.18-5.48 kg. On day 7 after 

weaning (42 days of age), piglets in the control group 
had an average weight of 9.3 kg (with an average daily 
gain of 221 g), while piglets treated with nettle extract 
had an average weight of 10.25 kg (with an average daily 
gain of 244 g). Therefore, the addition of nettle extract to 
the piglets’ diet led to a 10% increase in live weight and 
average daily weight gain compared to the standard diet. 
Moreover, the experimental group of piglets had a 12% 
higher survival rate than the control group. 

Discussion
As already mentioned, weaning piglets from sows 
causes the simultaneous appearance of many stressors, 
which leads to low feed intake, intestinal disorders, 
inflammation, increased incidence of disease, and 
mortality, which causes significant economic losses for 
producers [1,17]. Researchers have pointed to a specific link 
between mitochondrial function, oxidative stress, and 
weaning stress, which causes a decrease in the activity 
of mitochondrial respiratory complexes in intestinal and 
hepatic tissues during the first week after weaning [3,18]. In 
our study, a decrease in the concentration of total protein 
was found in the blood plasma of piglets of the control 
group on the first day after weaning. One of the reasons 
for this decrease in protein may be damage to protein 
molecules as a result of oxidative stress. Hao Y et al.[19] 
found that protein hydroxyl, a marker of protein oxidative 
damage, significantly increased in the body of piglets on 
the 1 day after weaning. 

In another part of the same study [20], we observed that 
weaning piglets from sows causes oxidative stress, 
resulting in an increase in the concentration of metabolites 
associated with free radical damage. Specifically, we 
revealed an increase in carbonyl groups of proteins on the 
first day and primary metabolites of lipid peroxides on the 
seventh day after weaning. Our findings indicate that the 
activation of free radical processes in piglets occurs due 
to an immature antioxidant system, leading to reduced 
activity of the enzymatic components - superoxide 
dismutase, glutathione peroxidase, and catalase - in their 
blood, as well as a decrease in the concentration of the 
non-enzymatic antioxidant - reduced glutathione.

Therefore, to stimulate the body’s defenses and metabolic 
processes in one of the most critical moments of piglets’ 
life, we used the nettle extract. It was found that the 
studied extract has a positive effect on the metabolic 
systems of animals. The increase in morphological 
parameters on days 1 and 7 after weaning compared to 
the control indicates the hematopoietic effect of nettle, 
rich in trace elements, especially Iron, Zinc, and Copper, 
on erythropoiesis (increase in the number of red blood 
cells within the physiological norm), antianemia effect 
(increase in hemoglobin concentration) and stimulation 

Fig 5. The concentration of glucose in the blood of piglets (M ± SE, n = 
9). * the differences are significant between the control and experimental 
groups of piglets (* P<0.05; ** P<0.01; *** P<0.001); # the differences 
are significant compared to 14-day-old animals (# P<0.05; ## P<0.01; ### 
P<0.001)

Fig 6. The activity of alkaline phosphatase (ALP (A)) and creatine kinase 
(CК (B)) in the blood of piglets (M ± SE, n = 9). * the differences are 
significant between the control and experimental groups of piglets (* 
P<0.05; ** P<0.01; *** P<0.001); # the differences are significant compared 
to 14-day-old animals (# P<0.05; ## P<0.01; ### P<0.001)
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of respiratory function in experimental animals compared 
to control ones. Some authors explain the positive impact 
of nettle on hematopoiesis by stimulating the absorption 
of minerals from the feed [21-24].

The positive effect of 40% nettle extract on the 
hematological parameters of piglets can be explained 
by the action of its components. These components 
include ascorbic acid, vitamin E (as a part of red blood 
cell membranes), B vitamins, organic acids (citric, 
malic, succinic, etc.), and Se. These components directly 
or indirectly affect the oxygen transport function of 
hemoglobin [13,25,26]. The protein-iron complex, which 
is formed with a sufficient amount of Fe, helps improve 
absorption through the small intestinal mucosa. This 
is extremely important for piglets during the weaning 
period. It’s worth noting that the increase in the number 
of leukocytes in the blood of piglets after weaning 
within the normal range under the influence of nettle 
may indicate its immunomodulatory properties. This 
is due to the presence of compounds such as quercetin, 
kaempferol, and isorhamnetin in the nettle extract. Some 
authors noted [19,27,17] that these compounds promote the 
rapid proliferation of bone marrow cells and the release of 
young blood cells into the bloodstream. 

The increase in the concentration of total protein in 
blood of experimental piglets especially on the 1 day after 
weaning, confirms the activation of its synthesis under 
the nettle action. The high content of organic acids, such 
as formic, citric, and ascorbic acids, provides a positive 
effect of the extract on redox and anabolic processes in 
the body of young animals. These data are consistent with 
the work of A. Szewczyk in 2006, where it was found that 
nettle extract used as a dietary supplement for finishing 
pigs affects protein synthesis and fat metabolism. It 
also changes the profile of fatty acids and lipids in 
the blood, reducing total cholesterol and triglyceride  
concentration [28]. 

The positive effect of nettle extract on protein synthesis 
is closely related to the processes of transamination. The 
increase in AST and ALT activity in our study indicates 
the stimulation of thermogenesis and gluconeogenesis 
in the experimental piglets’ bodies. The intensification 
of these processes is confirmed by an increase in the 
glucose concentration in the blood of piglets. This is 
evidence of the hydrocarbon metabolism activation under 
the influence of nettle extract that is necessary for the 
organism of young animals during weaning [2,7].

The activation of energy and redox processes under the 
influence of nettle can be explained by the presence of 
citric acid (improving the absorption of Phosphorus 
by the body) and silicic acid and its salts (stimulating 
the absorption of Calcium). A large amount of anti- 
oxidant compounds (ascorbic acid, carotenoids and 

flavonoids) in nettle also contributes to the activation of 
these processes [12,29]. 

In a previous study, we analyzed the composition of 40% 
of the nettle extract that was added to the diet of the 
experimental piglets. The concentrations of biologically 
active substances found were as follows: polyphenols - 
11924.38 mg/100 g, carotenoids - 0.127 mg/g, chlorophyll 
a - 0.513 mg/g, and chlorophyll b - 0.174 mg/g.

The high activity of ALP in the blood of young animals 
is explained by the intensive functioning of osteoblasts in 
bone tissue, which is due to the processes of active growth 
of the organism, especially in piglets of the experimental 
group. During this period, the activity of the enzyme in 
the blood increases due to bone isoenzyme. The higher 
activity of ALP in the blood of experimental animals is 
also explained by the increased phosphorylation processes 
due to better intake and absorption of phosphorus and 
calcium (increase in the free phosphate fund by increasing 
ALP activity). To stimulate redox and energy processes, 
a high level of ATP is also required. The ATP level is 
provided by an increase in the activity of the CK under 
the nettle extract action [4,30]. 

The activation of anabolic processes in the organism of 
piglets fed with 40% nettle extract explains the increase 
in their live weight and average daily gain. This is also 
a confirmation of the positive effect of nettle extract on 
the general physiological state of experimental animals, 
compared to piglets kept on a standard diet.

The data on the elevation of piglets’ weight and safety 
under the influence of nettle extract are consistent with 
the results of other authors who have observed the 
improvement of productivity indicators. These results 
indicate the increased viability, activation of metabolic 
and immune processes in the body, better absorption of 
feed and its components due to a positive effect on the 
gastrointestinal tract and intestinal microflora, as well 
as suppression of the expression of proinflammatory 
cytokines [1,9]. 

The literature analysis revealed that most studies 
focused on adding herbal preparations, green nettle, 
or a combination of other herbs, to piglet diets. Less 
commonly, studies used aqueous nettle extracts. The 
effects of nettle extracts on the body can be explained 
by their impact on intestinal microflora. Therefore, we 
focused on the anti-stress and adaptogenic effects of 
nettle extract on various metabolic processes. To extract 
the optimal amount of antioxidants to enhance the 
resistance of young animals under stress, we utilized a 
water-ethanol mixture. Our research on nettle extracts, 
including aqueous and ethanolic (20%, 40%, 60%, 70%, 
and 90%), demonstrated that the 40% extract revealed 
the highest radical scavenging activity. Notably, there 
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is limited literature data on the effect of such an extract 
on farm animals during weaning stress. Considering the 
promising outcomes, further investigation of the impact 
of this specific nettle extract on animals under various 
stressful conditions is recommended.

In conclusion, it should be noted that the addition of 
herbal preparations, as well as any other biologically 
active compounds into the diet of farm animals of 
different productivity and age, should be considered 
comprehensively and follow one rule. According to this 
rule the positive effect of these additives on metabolism, 
general resistance and safety of the organism can occur 
only under optimal conditions of keeping, complete  
and balanced feeding and ensuring a high level of their 
welfare.

Thus, our study has shown that a powerful complex of 
natural biologically active substances contained in 40% 
ethanolic nettle extract causes activation of metabolic 
processes, improved digestibility of dietary nutrients and 
safety of piglets during weaning. Therefore, it is suggested 
to add nettle extract to the standard diet of young animals 
to stimulate metabolic and adaptation processes, as well 
as improve performance indicators of their body during 
critical periods of ontogenesis.
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