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1. Introduction

The gastrointestinal tract has multiple func-
tions, such as digesting and absorbing nutrients and 
electrolytes, maintaining the balance of body fluids, 
and secreting digestive enzymes, mucins, immuno-
globulins and other components. In addition, it ful-
fils a barrier role for the host with the aim of pro-
tection from harmful pathogens and other antigens 

(Gao et al., 2019). After weaning, piglets are usu-
ally stressed by nutritional, psychological, environ-
mental, physiological and social factors. During this 
period, piglets must rapidly adapt to a change in the 
type of feed they consume, from liquid sow’s milk, 
which is easily digestible, tasty and evenly distrib-
uted throughout the day, to solid dry feed, which 
is less digestible and tasty. As a consequence, feed 
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consumption usually decreases in the first days after 
weaning and the piglets become malnourished with 
a reduced growth rate, entering an energy and pro-
tein deficit. Piglets lose about 100-250 g of body 
weight on the first day after weaning and recov-
er this loss of body weight in about four days (Le 
Dividich and Seve, 2000). Understanding the chal-
lenges and impact of low feed intake associated with 
weaning and the consequent impact on piglet per-
formance can help nutritionists implement modern 
feeding strategies using various supplements that 
have been proven to directly or indirectly increase 
feed intake and digestibility.

2. The influence of the weaning process on 
the composition of the intestinal microbiota 
of piglets

Over recent decades, the interaction between 
nutrition and the gut microbiota, as well as its 
impact on health, has great attention. Initial stud-
ies have primarily focused on the classification of 
microorganisms that form the gut microbiota and 
the relationship of the composition of microorgan-
isms to the health status of the host (Hermann-Bank 
et al., 2013). The primary intestinal microbiota of 
piglets after birth is formed because of the milieu 
favouring the lactic acid bacteria in the sows’ milk 
(Zhao et al., 2019). However, the transitional peri-
od of nutrition during the weaning period reduces 
the relative abundance of bacteria of the Lactobacil-
lus and increases the abundance of Clostridium spp., 
Prevotella spp., Proteobacteriaceae and Escheri-
chia coli, which increases microbial diversity in the 
gut (Williams et al., 2005). The composition of the 
gut microbiota of piglets, in addition to the stress-
ors that occur during the weaning process, is largely 
influenced by the levels and sources of protein and 
fibre in the feed mixtures during this period (Ham-
mer et al., 2012). During the weaning period, pig-
lets, despite the use of pre-starters, sharply reduce 
their feed intake due to their transition from a liquid 
diet to solid feed with a complex composition, and 
due to other stressors that were previously described 
in detail. Thus, the nutrients for the survival and 
reproduction of bacteria are also limited. Pathogenic 
bacteria are able to take advantage of special nutri-
ents (e.g., ethanolamine, a compound that is a weak 
base and has an odour similar to ammonia), there-
by enhancing the expression of their virulence fac-
tors. For example, both Salmonella and enterohem-
orrhagic E. coli can use ethanolamine as a source 

of carbon or nitrogen in order to gain a nutrition-
al advantage in competition with other bacteria (Ni 
Lochlainn et al., 2018). Enterohemorrhagic E. coli 
can also use the hexose deoxy sugar, fucose, for the 
purpose of activating the type III secretion system, 
which facilitates the adhesion of pathogenic bacteria 
to host enterocytes (Bäumler and Sperandio, 2016). 

Considering the importance of the composition 
of the intestinal microbiota for piglets, the proper 
establishment of a complex and well-balanced eco-
system in the gut is currently recognized as a key 
point in any program to reduce the use of antibiotics 
in animal husbandry (Liao and Nyachoti, 2017). One 
of the main causes of low body weight of slaugh-
tered piglets and variable production results of pig-
lets during the suckling period is the high prevalence 
of digestive disorders associated with opportunistic 
pathogens. Among them, E. coli is the main patho-
genic agent that causes neonatal diarrhoea and post-
inlet diarrhoea, and consequently is also responsible 
for the use of large amounts of antibiotics (López-
Colom et al., 2020). In recent years, various feeding 
programs, as well as the use of supplements, have 
been investigated as a way to combat this pathogen 
and reduce the incidence of diarrhoea in piglets.

3. Using innovative nutritional strategies in 
piglet nutrition 

Due to the increasing demands of the global 
consumer lobby, and respecting the production pri-
orities (better use of feed, longer sustainability, easi-
er manipulation) with the ultimate aim of increasing 
production and improving the quality of food of ani-
mal origin, in addition to the basic nutrients, a large 
number of additives with different purposes are add-
ed to the feed mixtures (Šefer et al., 2014).  Nutrient 
additives belong to the basic group of feed additives, 
and their main aim is to increase the overall nutri-
tional value of feed. Inorganic forms of trace ele-
ments in the form of salts have been used for years 
as additives in mixtures for piglets: oxides, carbon-
ates, chlorides and sulphates. The bioavailability of 
minerals from these sources differs, with sulphates 
typically having higher relative bioavailability val-
ues than oxides. The bioavailability of inorgan-
ic forms of micronutrients is limited, and high dos-
es are required to meet the requirements of animals, 
often leading to nutrient imbalances and potential 
toxicity problems (Ma et al., 2020).

Due to the low usability, potential toxicity and 
negative impact on the environment of inorgan-
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ic forms of trace elements, the attention of the sci-
entific public in recent years has been focused on 
finding forms of minerals that will neutralize the 
potential harmful effects of mineral use and, at the 
same time, ensure better usability and economy in 
livestock production. The formation of a complex 
molecule of trace elements with organic compo-
nents can increase passive absorption in the intes-
tine by reducing the interaction between minerals 
in the intestinal lumen and, thus, preventing the for-
mation of insoluble complexes with substances, 
such as hydroxides, carbonates, phosphates, oxa-
lates and phytates, which would make copper, man-
ganese or zinc unavailable for absorption (Peters 
and Mahan, 2008). Mineral complexation with an 
organic component can also result in a more favour-
able water-lipid partition coefficient that favours 
absorption over a wide pH range. The strength of 
the bond between the organic ligand and the trace 
element during complex formation can prevent dis-
sociation while passing through the gastrointesti-
nal tract and improve the bioavailability of the min-
eral (Byrne et al., 2021). Organically bound trace 
elements are recognized as bioavailable sources of 
trace elements that are more usable than their tra-
ditional inorganic analogues, such as sulphates and 
oxides (To et al., 2021). The aim of the research was 
to investigate the justification and effects of using 
of organic forms of copper, manganese and zinc in 
the diet on the health status and production perfor-
mance of piglets, as well as the on the microbiota 
composition in chosen segments of the piglet gas-
trointestinal tract.

4. Materials and methods

The experimental protocol was approved by 
the Veterinary Directorate of the Serbian Ministry 
of Agriculture, Forestry and Water Management and 
the Ethics Committee of the Faculty of Veterinary 
Medicine, University of Belgrade (Resolution num-
ber: 23/2020).

During the formation of the trial, an individ-
ual clinical examination of the chosen piglets was 
carried out, so that all the selected individuals were 
healthy and vital. During the formation of experi-
mental groups, all piglets were uniform in terms of 
origin, sex balance and body weight (± 10%). The 
health condition of the test subjects was monitored 
daily. The experiment was conducted on 48 weaned 
piglets of the same origin, with an equal sex ratio. 
Piglets aged 28±1 days were randomly assigned to 

two experimental groups (C and E-I). Each exper-
imental group consisted of six pens (two male and 
two female individuals per pen). The study last-
ed 42 days and was divided into two phases. The 
first phase lasted from 0-21 days (starter phase) and 
the second phase from 21-42 days (grower phase). 
From the beginning (28-day-old piglets) to the 
end (70-day-old piglets) of the study, experimental 
groups of animals were fed with complete mixtures 
of standard chemical and raw material composition, 
and the mixtures were formulated to meet the rec-
ommended nutrient requirements according to the 
NRC (2012). 

The composition of the premix at the start-
er stage for the control group was (in kg of com-
plete mixture): 20,000 IU vitamin A, 2,000 IU vita-
min D3, 80 mg vitamin E, 2.4 mg vitamin K3, 2.4 
mg vitamin B1, 6 mg vitamin B2, 6 mg vitamin B6, 
0.4 mg vitamin B12, 0.3 mg biotin, 32 mg niacin, 14 
mg Ca-pantothenate, 5 mg folic acid, 3 mg I, 0.4 mg 
Se, 0.6 mg Co, 550 mg choline chloride,  240 mg 
Fe, 130 mg Cu, 120mg Mn, 100 mg Zn, 1000 mg 
phytase, 100 mg antioxidant BHT. In the first phase, 
in the complete mixture for feeding group E-I, trace 
elements Cu, Mn and Zn of inorganic origin were 
replaced by trace elements Cu, Mn and Zn of organ-
ic origin (130 ppm Cu, 60 ppm Mn and 60 ppm Zn), 
in organic form bound to methionine. The compo-
sition of the premix at the grower stage for the con-
trol group was (in kg of complete mixture): 20,000 
IU vitamin A, 1,800 IU vitamin D3, 120 mg vitamin 
E, 2.8 mg vitamin K3, 4 mg vitamin B1, 8.8 mg vita-
min B2, 6.8 mg vitamin B6, 0.04 mg vitamin B12, 
0.28 mg biotin, 28 mg niacin, 16 mg Ca-pantothen-
ate, 0.8 mg folic acid, 0.8 mg I, 0.4 mg Se, 0.6 mg 
Co, 500 mg choline chloride,  200 mg Fe, 80 mg Cu, 
120mg Mn, 100 mg Zn, 1000 mg phytase, 40 mg 
antioxidant BHT.

In the second phase, in the complete mixture 
for feeding group E-I, trace elements Cu, Mn and 
Zn of inorganic origin were replaced by trace ele-
ments Cu, Mn and Zn of organic origin (80 ppm Cu, 
60 ppm Mn and 60 ppm Zn), in organic form bound 
to methionine.

Production results (piglet body weight, body 
weight gain and feed conversion rate) were meas-
ured at the beginning if necessary and the end of the 
study, on day 42. Immediately after slaughter and 
evisceration of piglet organs, the contents of the jeju-
num and ileum were sampled (six samples of each 
intestinal segment from each group – one pig per 
subgroup) to determine the total number of aerobic 
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bacteria (PCA), the total number of anaerobic bac-
teria (PCA an), and the numbers of Enterococcus 
(ECC), E. coli, and Lactobacillus (MRS). Samples 
for bacteriological tests were taken directly from the 
intestine with a sterile swab, 1 g of a sample of intes-
tinal contents. Dilutions were formed in sterile saline 
solution for bacteria that were later incubated aerobi-
cally and in thioglycolate broth for bacteria that were 
incubated anaerobically. 

5. Results and discussion

The health status of the individuals during the 
study was satisfactory, and no signs of disease were 
observed. The E-I group of piglets that consumed 
feed with added organic forms of copper, manga-
nese and zinc achieved better production results, i.e., 
better growth and feed conversion rate, while con-
suming a smaller amount of feed per achieved unit 
of growth.

There were no differences in the two piglet 
groups from the point of view of statistical analysis 
at the beginning of the study. However, in percent-
age terms, the mean body weight of the E-I piglets 
was 6.06% greater compared to the control group at 
the end of study (Figure 1). Our results are in line 
with another study that proved that piglets fed with 
50% copper, manganese, zinc and iron in organ-
ic form achieved better production results than pig-
lets fed with similar concentrations of trace elements 
exclusively from inorganic sulphate forms (Veum et 
al., 1995). The replacement of part of the inorganic 
trace elements with organic forms also improved the 
feed utilization in those piglets (Veum et al., 1995). 
Additionally, piglets fed protein forms of copper and 
zinc had higher concentrations of these micronutri-
ents in the liver than pigs fed sulphate forms (Sch-
iavon et al., 2000). This indicates a more efficient 
use of organic forms of copper and zinc compared to 
inorganic sources.

Figure 1. Mean body weight (kg) of control (C) (inorganic trace elements) 
and E-I (organic trace elements) groups of piglets (n = 24 per group) on days 

1 (left side of figure) and 42 (right side of figure) of the study.

Analyzing the entire study period, the E-I group 
achieved a higher daily body weight gain compared 
to the control group (Figure 2). After calculating the 
feed conversion rate (Figure 3), and statistically ana-
lyzing the results (data not shown), significant dif-
ferences were clearly shown between the examined 
nutritional treatments (p<0.01). Mullan et al. (2004) 
also described an improvement in the feed conver-
sion rate following the inclusion of an organic source 
of trace elements in piglet feed mixtures. The authors 
of studies in which identical results were obtained 
generally attribute this effect to greater digestibility 

of nutrients, an increase in the height and width of the 
intestinal villi, modulation of the intestinal microbio-
ta, but also to the antimicrobial properties of chelates 
that lead to an improvement in the immune func-
tion of the intestine, achieving to a greater extent the 
above effects (Kong et al., 2010; Han et al., 2014).

The numerical status (log10 CFU/g) of total aer-
obic bacteria, E. coli, Enterococcus spp., anaerobic 
bacteria and Lactobacillus spp. in the intestinal con-
tents of the jejunum and ileum is shown in Figures 5 
and 6, with the results indicating that the levels were 
within the physiological framework (Dibner and 
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Buttin, 2002; Ahmed et al., 2014; Diao et al., 2014). 
Analyzing the jejunum microbiota of the piglets, the 
highest mean (and statistically significant) total num-
ber of aerobic bacteria was found in the control group, 
compared to the E-I piglets (p<0.01). The effect in 
our study of adding organic forms of trace elements 
is consistent with the results of Wang et al. (2004). 
They conducted an experiment on piglets and demon-
strated a reduction in the number of E. coli. Howev-
er, the results of Broom et al. (2006) showed that the 
use of zinc oxide reduced the number of lactic acid 
bacteria, but had no effect on the number of E. coli in 
the intestines of piglets, probably due to an inorgan-

ic source of zinc in the mixtures. With the change to 
an organic source of zinc, a positive effect on E. coli 
numbers (lower in E-I piglets than in controls) was 
shown in our study. The Enterococcus spp. counts in 
our E-I group (i.e., no significant change with the use 
of organic trace elements compared with the control 
group; Figure 6) were not consistent with the results 
of Broom et al. (2006), which was expected because 
the oxide form of zinc was used in their study. How-
ever, the effect we measured on Enterococcus spp. 
counts was similar to that in a study by Castillo et 
al. (2008) with the use of the organic form of zinc in 
combination with mannan-oligosaccharides. 

Figure 2. Mean daily body weight gain (kg) of control (C) (inorganic trace 
elements) and E-I (organic trace elements) groups of piglets (n = 24 per 

group) during the 42-day study

Figure 3. Mean feed conversion rate of control (C) (inorganic trace elements) and E-I 
(organic trace elements) groups of piglets (n = 24 per group) during the 42-day study
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6. Conclusion

Based on the obtained results, we can conclude 
that the use of organic forms of copper, manganese 

and zinc in piglet nutrition has its own nutritional, 
medical and economic justification. Improving the 
ratios between intestinal microbiota led to better 
performance measures of piglets.

Figure 5. Total aerobic count (PCA) and total anaerobic count (PCA an) 
(log10 CFU/g) in jejunum and ileum of control (C) (inorganic trace elements) 

and E-I (organic trace elements) groups of piglets (n = 6)

Figure 6. Escherichia coli, lactic acid bacteria (MRS) and Enterococcus 
(ECC) numbers (log10 CFU/g) in jejunum and ileum of control (C) (inorganic 

trace elements) and E-I (organic trace elements) groups of piglets (n = 6)
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