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Abstract

The objective of the study was to ascertain the impact of a bacteria-based probiotic preparation
on both the weight gain and overall health of calves. This investigation was carried out on
Polish Holstein-Friesian calves ranging in age from 2 to 60 days. The calves were divided into
two groups: group 1 (the control group) and group 2 (the experimental group which received
the probiotic preparation). The test included the administration of 20 ml of the probiotic
preparation to calves twice daily. During the experiment, samples of blood and excrement were
collected for laboratory testing. Specimens were collected on days 7, 30, and 60 after birth with
a margin of error of +/-2 days. The obtained blood underwent morphological analysis, which
included determining the quantities of immunoglobulins in the IgA, IgM, and IgG classes.
Additionally, microbiological and parasitological tests were conducted on the faeces. A
comprehensive assessment was conducted of the animals’ health condition and the amount of
weight they gained throughout the trial. According to the findings, the calves that were given
the probiotic preparation (group 2) exhibited an increase of around 12% in their daily weight
gain and had a higher ultimate body mass. During the research period, irregular variations
were noted in the quantity of leukocytes and haemoglobin in the subjects. Both groups exhibited
a rising trend in erythrocyte count and haematocrit. The group that received the probiotic
product had modestly elevated serum concentrations of 1gG, IgM, and IgA. The highest levels
of 1gG were seen in the plasma in both groups on day 7. The results of the faecal
microbiological tests revealed that both groups 1 and 2 had the greatest total bacterial counts
on day 7 of life, which significantly declined at later time points (p<0.05). Comparable
correlations were identified for E. coli and Clostridium perfringens. The sample under analysis
included eggs of gastrointestinal nematodes belonging to the order Strongylida, with a mean
invasion intensity of 20 to 40 eggs per gramme (EPG). Additionally, coccidia of the genus
Eimeria sp. were also present, in quantities of 10-30 oocysts per gramme (OPG).
Cryptosporidium sp. oocysts were not found in any of the samples examined during the
parasitological analysis of the faeces. The findings suggest that the administration of the
probiotic preparation positively influenced the weight increase and final body mass of the
calves. Additionally, it had a positive impact on the physical characteristics of blood, levels of
immunoglobulins, and the composition of the gastrointestinal microbiota and parasitology.
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Introduction

The most challenging phase in the process of raising calves is the time until the end of the third
month of their lives (Stenzel et al., 2000). During the first months of a calf’s life, there is a
significant increase in tissue and organ growth, along with the development of the foregut and
the build-up of immunity. Research shows the standard of farm management significantly
influences the incidence of calf illness and death. Although there have been notable
improvements in the rearing and servicing of dairy calves in the United States, the pre-weaning
mortality rate remains around 10% (Hulbert and Moisé, 2016). Conversely, the rate of calf
mortality in the Netherlands during the first year of life is roughly 16.5%. The death rate in
postnatal calves (<14 days) is 3.3%, in early weaners (15 to 55 days) it is 4.5%, and in weaners
older than 56 days — 3.1% (Santman-Berends et al., 2019). This may be attributed to substantial
environmental fluctuations occurring during this period, along with the diminished immunity
seen in new-born calves. The intestinal microflora plays a significant role in the appropriate
growth and development of animals. The intestinal microflora governs the processes of
digestion, metabolism, and the functioning of the immune system. Disruption of the body’s
equilibrium diminishes natural immunity, making individuals more susceptible to diseases,
particularly those caused by viruses (Guarner and Malagelada, 2003). Research shows that
probiotics and prebiotics possess considerable potential for enhancing animal production
(Uyeno et al., 2015). Probiotics serve various purposes, such as protecting against enteropathic
disorders, enhancing feed utilisation and weight gain, impacting the composition of the
gastrointestinal microflora, maintaining intestinal health, and promoting animal well-being
through metabolite stability and immune system modulation (Timmerman et al., 2005;
Lesmeister et al., 2004). They could potentially serve as a substitute for antibiotics (Allen et al.,
2013), which are problematic due to safety concerns regarding antibiotic resistance, the release
of antibiotics into the environment, and the persistence of antibiotic residues in animal products
(Martinez-Vaz et al., 2014; Mc Allister et al., 2018). The precise processes by which probiotics
exert their effects have not been definitively established. However, it is hypothesised that these
bacteria decrease the pH in the large intestine by producing lactic acid, which in turn inhibits
the development of harmful bacteria (Riddell et al.,, 2010). Probiotic pills are highly
recommended throughout the early stages of a calf’s life. The digestive system of new-born
calves is believed to be free of microorganisms, and colonisation of the gastrointestinal tract
starts soon after delivery. However, there have been studies suggesting the potential
colonisation of the calf’s gut as early as the foetal stage. Research on the perinatal microbiome
of new-born calves reveals the existence of a limited quantity of microorganisms. The microbial
flora consists of Firmicutes, Proteobacteria, Actinobacteria, and Bacteroidetes. Within the first
day after birth, the gastrointestinal system becomes inhabited by environmental bacteria such
as Escherichia, Shigella, and Clostridia. The microbiome’s diversity starts to develop around
one week after birth (Alipour et al., 2018; Villot et al., 2020). During adolescence, the large
intestine develops a sophisticated and constantly evolving microbial community, characterised
by a high concentration of viable bacteria. An analysis of calf intestinal bacterial communities
using molecular techniques has shown that these communities experience dynamic fluctuations
throughout the first 12 weeks of life (Uyeno et al., 2010).

The impact and effectiveness of probiotics rely on the specific strains that are used (Bhat
and Kapila, 2017). Lactobacillus casei 1k 2 ATCC 7469 is a strain that synthesises a protein
responsible for transporting folate (Henderson et al., 1985). Other bacteria from the
Lactobacillus and Bifidobacterium genera have the ability to produce folic acid (Rossi et al.,
2011) and regulate pyruvate levels (Benito de Cardenas et al., 1987). The levels and conversion
of pyruvate to lactates can be negatively affected by stress during birth and weaning. This
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syndrome in calves may lead to issues with detoxification and low ATP levels in the
mitochondria, resulting in body weakness and impaired immune function. The Lactobacillus
casei 1k 2 ATCC 7469 strain is highly recommended for calves because it plays a crucial role
in the transportation of folic acid. Folic acid is engaged in several metabolic processes inside
the organism, such as the metabolism of certain amino acids, the production of purines and
pyrimidines, and the synthesis of methionine. Sufficient quantities maintain the hematopoietic
system and the epithelium of the digestive tract in a healthy state. The health of the young
organism is impacted by deficiencies that arise from situations of increased intake, such as
diarrhoea and anaemia. Research conducted on young animals demonstrates that calves or
lambs might have a severe folic acid shortage throughout the post-weaning phase until their
rumen function is fully developed (Dumoulin et al., 1991). Lactobacillus plantarum ATCC
8014 is involved in the conversion and metabolism of D-biotin, as well as the transport and
accumulation of biotin. Biotin is crucial for the metabolism of fatty acids and glucose, and it
also affects the creation of keratin fibres and the differentiation of epidermal, horn, and hoof
tissue. The precise molecular processes underlying the relationship between the mammalian
host and its microbiota remain poorly understood. Recent research indicates that metabolites
generated by gut bacteria have the ability to impact the expression of genes in mammals by
means of epigenetic modification (Ye et al., 2017). Although there are many probiotic microbial
products available for purchase, it is important to customise probiotic treatment to suit the
specific requirements of each farm and animal (Raabis et al., 2019). Research indicates that the
gut microbiome has a significant impact on immune system activation, and an uneven
distribution of bacteria in the gastrointestinal tract might potentially contribute to the onset of
many illnesses (Bouskra et al., 2008). Further research is required to explore the possible use
of microbes in the process of raising calves. Therefore, a study was conducted to assess the
impact of a probiotic formulation on the well-being and weight gain of calves during the first
60 days of their life.

Materials and methods

The study was carried out on a dairy cow farm forming part of a Research Facility in
Kobylany, focusing on 20 calves of the Polish Holstein-Friesian breed, ranging in age from 2
to 60 days. The calves were chosen for the trial based on the colostrum’s IgG levels, which
were determined using a colostrometer. The experiment chose calves delivered by cows with
milk 1gG level fluctuating between 50-80 g1 This ensured a standardised experimental
material with consistent resistance and adaptability. The calves were categorised into two
groups: group 1, or the control group, and group 2, or the experimental group. The animals in
the experimental group were given a probiotic bacteria preparation, with a dosage of 20 ml
injected twice daily. The preparation, as instructed by the manufacturer, included the following
components: Saccharomyces cerevisiae at a concentration of 3.0x104 cfu/ml IFO 0203,
mesophilic lactic fermentation bacteria (Lactobacillus casei 1k 2 ATCC 7469, Lactobacillus
plantarum 1 k 2 ATCC 8014) at a concentration of 5.0x107 cfu/ml, and cane molasses. Feeding
began on the second day and continued until the sixtieth day. In line with the farm’s
management policies, calves were moved to the calving house and provided with milk substitute
at the feeding station from day 3 after birth until they reached 60 days of age. The farm used
dosage management to control the intake of milk substitute by the calves. Calves aged up to 30
days used 6 litres of preparation per day (135 grammes of preparation per litre of water, which
is equivalent to 810 grammes a day). Older calves consumed 8 litres of preparation per day
(1080 grammes per day). From the beginning, the animals were provided with uninterrupted
water supply and were taught to consume feed — first from the station and then concentrated
feed. The calves’ diet, which consisted of milk substitute preparation, muesli, and CJ mix, had
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a protein concentration ranging from 20% to 22%. The milk substitute consisted of 20% crude
protein, 10% crude ash, 18% crude oils and fats, 1.9% lysine, 0.9% calcium, 0.7% phosphorus,
and 0.8% sodium. The supplementary feed provided to the calves consisted of maize, dried
alfalfa, barley, heat-treated post-extraction huskless soybean meal, beetroot molasses, calcium
carbonate, sodium chloride, monocalcium phosphate, and magnesium phosphate. The mixture’s
chemical makeup consisted of 18.2% crude protein, 8.40% crude ash, 2.50% crude fat, and
7.30% crude fibre. The weight increase of the animals was assessed by measuring their weight
at birth and again at 60 days of age. Throughout the trial, a daily evaluation of the well-being
of the calves was conducted. The experiment’s timing was adjusted to align with the activities
taking place on the farm. The material collected on the farm, including blood and excrement,
underwent frequent laboratory analysis to keep track of the animals’ health condition via
veterinarian screening. The material was collected in accordance with established policies.
Blood was sampled from the zygomatic vein and dispatch promptly for morphological testing
using a blood smear. A portion of the blood was separated by centrifugation, and the levels of
serum immunoglobulins (namely, 1gG, IgA, and IgM classes) were measured by the
immunoenzymatic ELISA method. Faecal samples were obtained from the rectum for testing
purposes. Following collection, the refrigerated samples were promptly sent to the laboratory
for microbiological analysis. Each faecal sample was weighed to 10 grammes and then
combined with 90 cubic centimetres of physiological fluid, resulting in a starting dilution of 0.1
cubic centimetres. Microbiological mediums were used to ascertain the presence and quantity
of certain bacteria groups. The TSA medium was used to quantify the total number of aerobic
mesophilic bacteria in a 24-hour culture at a temperature of 37 degrees Celsius. The SS medium
is a type of agar media that was used to selectively cultivate Salmonella sp. and Shigella
bacteria. The culture was incubated for 24 hours at a temperature of 37 degrees Celsius.
Chapman’s medium was inoculated with a 24-hour culture of Staphylococcus sp. and incubated
at a temperature of 37 degrees Celsius. Agar endo was inoculated with a 24-hour culture of
Escherichia coli and incubated at a temperature of 44 degrees Celsius. The Wilson-Blair
medium was used to cultivate Clostridium perfringens for 24 hours at a temperature of 37
degrees Celsius. The faeces were subjected to parasitological investigation using the McMaster
technique with centrifugation to identify gastrointestinal parasites (Roepstorff and Nansen,
1998). Additionally, a modified Ziehl-Neelsen method was used to determine the presence of
Cryptosporidium sp. (Henriksen and Pohlenz, 1981). The Agricultural University of Krakoéw
conducted microbiological tests in the Department of Microbiology and parasitological exams
in the Department of Environmental Zoology, following established testing protocols. On days
7, 30, and 60 of calf rearing, haematological, microbiological, and parasitological tests were
performed on the calf excrement.

The obtained results were analysed by ANOVA and Duncan’s test using Statistica 12 (StatSoft,
Poland 2013).

Results

The experiment revealed that over a period of 60 days, the group that received the probiotic
preparation had greater weight increases in the calves. In group 1, the average daily gain was
480 g, while in group 2 it was almost 12% higher than the control group, averaging 536 g-d
(Table 1). The calf blood morphological indicators were analysed and the findings are shown
in Table 2. During the study period, there were inconsistent variations in the levels of leukocytes
and haemoglobin. Both groups exhibited a rising trend in the quantity of erythrocytes and
haematocrits. The white blood cell counts in both groups remained within the top ranges of
established standards (Baumgartner, 2005). In the control group, there was a statistically
significant (p<0.05) rise in white blood cell (WBC) counts above the recognised limits on day
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30. However, in the following assessment, the WBC levels were within the reference norms.
The blood of group 1 (control) calves on day 60 had the largest proportion of lymphocytes,
while group 1l calves had the lowest proportion throughout the first week of life.

Table 1. Effect of probiotic preparation on body weight gain of calves and incidence of diarrhea

Wyszczegblnienie

Grupa | Grupa Il
Item Group | Group I
Waga urodzeniowa (kg)
Birth weight (kg) 41.9a 42.2a
Waga w 60 dniu zycia (kg)
Weight at 60 days of age (kg) 7062 74.4b
Srednie dzienne przyrosty masy ciata (g/dzien) 480a 536b
Average daily weight gain (g-day?)
% cielat z biegunka
% of calves with diarrhea 180 12a
a, b — roznice istotne (p<0,05)
a, b — significant differences (p<0.05)
Table 2. Hematological blood parameters in calves
Grupa | Grupa Il
Parametry krwi Group | Group Il
Blood parameters 7% 30 60 7 30 60
WBC — Liczba biatych krwinek
White blood cells (G-1) 10.65ab  13.18c 9.57a 11.30b  10.43ab  11.40b
RBC — Liczba czerwonych krwinek
Red blood cells (T-1) 7.04a 7.39ab 8.22¢c 7.59b 7.90b 8.52¢
HGB — Poziom hemoglobiny 598 5552  615b  6.77c  6.00b  6.40bc
Hemoglobin concentration (mmol-17)
Hct - Hematokryt 028a  027a 029 032 029  0.30b
Hematocrit value (I17)
MCV — Srednia objetos¢ erytrocytu 3080b  3655a  3535a  4210b  3670a  35.20a
Mean corpuscular volume (fl)
RDW — Rozpietos¢ rozktadu wielkosci erytrocytow
Red blood cell distribution width (%) 16.75c  16.25bc  15.33a 15.43a 15.83b 15.08a
PLT — Ptytki krwi
Blood platelets (G 1Y) 563c 525b 507b 587¢c 472a 509b
MPV — Srednia objetos¢ ptytek krwi 500 500 520 500 500 500
Mean platelet volume (fl) ) ) ) ) ) )
Rozmaz manualny wg Schillinga:
Manual blood smear according to Schilling:
Granulocyty kwasochtonne (%) 1 1 2 2 2
Eosinophilic granulocytes (%)
Segmentowane neutrofile (%)
Neutrophilic granulocytes (%) 400 44b 16a S6¢ 34ab 32ab
Limfocyty (%)
Lymphocytes (%) 56ab 52a 77c 40a 61b 63b
Monocyty (%)
Monocytes (%) 2 2 ! 2 2
Zasadochtonne bazofile (%) 1 1 2 1 1

Basophilic granulocytes (%)

a, b, ¢ — significant differences (p<0.05)
*7, 30 and 60 days after birth
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Koncentracja immunoglobulin 1gG (g-I"} w krwi
Concentration of [gG immunoglobulins in the blood (g:1")

Koncentracja immunoglobulin IgM (g-1"") w krwi
Concentration of [gM immunoglobulins in the blood (g-1'')
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Figure 1. The immunoglobulin concentration in blood of calves (g'1*)

Different erythrocyte levels were found depending on the age of the calves. At the
beginning of the experiment, both groups exhibited the lowest values, while the highest values
were recorded at 60 days of age. The group that received the probiotic preparation had the
greatest concentration of haemoglobin (6.77 mmol-I") and haematocrit value (0.32 I-1*) on day
7 of life. On the other hand, the control group had the lowest values on day 30, with
haemoglobin concentration of 5.55 mmol-I" and haematocrit value of 0.27 I-I*. The red blood
cell parameters MCV, MCH, and MCHC exhibited a decline in correlation with the age of the
calves. The peak values were seen on day 7, however there were no statistically significant
variations between days 30 and 60.

Elevated serum levels of IgG, IgM, IgA were found in the group receiving the probiotic
preparation (Figure 1a, b, ¢). Both groups exhibited peak levels of IgG on day 7, followed by a
gradual decline in subsequent measurements. The study revealed similar correlations for IgA
levels, with the maximum concentration seen on day 7, while remaining rather steady on days
30 and 60. An elevation in IgM concentration was seen in the following days of life.

The faecal microbiological tests revealed that the maximum count of total mesophilic
aerobic bacteria was observed when the calves were seven days old in both control group 1 and
experimental group 2 (Table 3). A statistically significant decrease (p<0.05) in the overall
bacterial count was seen in calves on day 30 and day 60. Comparable correlations were
identified for E. coli and Clostridium perfringens. During the first month of life, there was a
notable rise in the quantity of Staphylococcus sp. bacteria detected in the calves’ excrement.
Salmonella sp. was not detected in any of the faecal samples from calves up to 7 days old (Table
4). Nevertheless, after 60 days of age, both the control and probiotic-treated groups displayed
the presence of these bacteria in the collected faeces. However, the control group had a
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considerably higher bacterial count compared to the experimental group. The sample under
analysis contained eggs of gastrointestinal nematodes belonging to the order Strongylida, with
an average invasion intensity of 20 to 40 eggs per gramme (EPG). Additionally, eggs of
coccidia from the genus Eimeria sp. were also detected, with an average of 10-30 oocysts per
gramme (OPG). No oocysts of Cryptosporidium sp. were found in any of the analysed faecal
samples during the parasitological testing.

Table 3. Fecal microbiological tests (cfu-1 cm)

Ogolna liczba
bakterii
Czas tlenowych
Grupa pobrania mezofilnych . . Clostridium
Group Collection Total no. of Salmonella sp. Shigella E. coli Staphylococcus sp. perfringens
time aerobic
mesophilic
bacteria
7 284344000d nw. 624346d 239350e 81767¢c 134600b
g[gﬁ; I| 30 12556667a 17a 487608c  271020d 242661e 1525a
60 8221667a 106b 183575a 28392b 81433c 1778a
7 112900000c nw. 585570d 219044e 43256b 212145¢
nguuppal'l' 30 70250000b 0 337800b  188000c 115800d 1500a
60 31135714b 14a 171944a 10193a 17486a 1427a

a, b, c, d, e —significant diferences (p<0.05) ; nw. — not detected

Table 4. Fecal parasitological tests

Grupa Czas pobrania - Strongylida Cryptosporidium sp.
Group Collection time Bimeria sp. (OPG) (EPG) (+/7-)
7 0 0 -
Grupa |
Group | 30 0 0 )
60 30c 40b -
7 30c 0 -
Grupa Il 30 20b 40b -
Group Il
60 10a 20a -

a, b, ¢ — significant differences (p<0.05)

Discussion

In calf raising, certain bacterial cultures are being used more often as probiotics and prebiotics
(Schamberger and Diez-Gonzalez, 2002; Tkalcic et al., 2007). Research has demonstrated that
microorganisms found in probiotics rapidly reproduce in the gastrointestinal tract. They
outcompete harmful strains of E. coli and other bacteria that produce toxins. Additionally,
probiotics help maintain a stable acidity level in the gastrointestinal tract and decrease the
incidence of diarrhoea (Von Buenau et al., 2005; Timmerman et al., 2005). Nevertheless, the
findings from studies on the use of probiotics in calves are ambiguous. Research indicates that
the administration of probiotics and prebiotics may enhance the ability of animals to digest dry
matter, increase their intake of crude protein and amino acids, and improve the absorption of
minerals in the intestines (Li et al., 2008; Kong et al., 2011). Probiotics have a proven ability
to enhance rearing performance, namely by improving weight growth, feed conversion, and
average daily weight gain during the first two weeks of life. Animals have shown a decrease in
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the incidence and length of diarrhoea, as reported by Abe et al. (1995) and Timmerman et al.
(2005). The prevalence of falls, as well as the occurrence of respiratory illness and diarrhoea,
is reduced, leading to enhanced health and increased weight gains in calves (Agarwal et al.,
2002; Timmerman et al., 2005). Several researchers have found no beneficial effects associated
with the use of probiotics, as shown by Higgenbotham and Bath (1993) and Riddell et al. (2010).
The differences might be attributed to factors such as the specific probiotic strains used, the
amount of probiotics administered, the nature and content of the feed utilised, or the particular
animal species subjected to testing. The positive impact of probiotics on daily weight gain
shown in this trial aligns with the findings of previous studies (Lesmeister et al, 2004;
Timmerman et al, 2005; Roodposhti and Dabiri, 2012). Lesmeister et al. (2004) observed a rise
in the average weight increase over a 24-hour period when calf meals were supplemented with
2% probiotics. Similarly, Roodposhti and Dabiri (2012) discovered a statistically significant
increase (p<0.05) in the average daily weight gains in calves that were given probiotic,
prebiotic, and synbiotic supplements. Timmerman et al. (2005) conducted a study where they
fed probiotics to calves for 8 weeks. The results showed a substantial impact on both the average
daily weight growth and feeding efficiency of the calves. Probiotics decreased the occurrence
and average duration of diarrhoea. Additionally, the usage of milk substitutes with probiotics
showed a tendency towards lower death rates. According to the research, probiotics have a more
pronounced impact under stressful conditions such as transportation, unfamiliar surroundings,
changes in nutrition, or exposure to infectious agents (Timmerman et al., 2005). This is further
supported by Riddell et al. (2010), who have proved that probiotic supplementation had no
impact on dry matter consumption or average daily weight gain. The authors attribute the
absence of disparities in growth and health condition to the possibility that calves housed
indoors in a regulated temperature setting with little extra stressors may not exhibit a favourable
reaction to probiotics.

The preparation used in our study consisted of a strain of Saccharomyces cerevisiae,
which has distinctive probiotic properties. Its resilience to acidic conditions, bile, and
temperatures up to 600°C allows it to reach the gut and adapt to its surroundings without
colonising it (Thorsteinsson et al., 2020; Pais et al., 2020). It aids in the reduction of
inflammation by suppressing the synthesis of pro-inflammatory cytokines. It inhibits the
proliferation and adhesion of harmful bacteria like Escherichia coli and Salmonella to the
mucous membrane, and it fortifies the intestinal barrier during Shigella flexneri infection
(Pothoulakis, 2009). Saccharomyces cerevisiae produces a particular protease that breaks down
exotoxins A and B produced by Clostridium difficile, which induce inflammation in the
intestines. This protease also digests the receptor binding sites of the toxins (Castagliuolo et al.,
1996). Research has identified diverse outcomes resulting from the use of this particular strain.
In their study, Villot et al. (2019) discovered that while there was no increase in daily weight
gain or feed intake in calves supplemented with Saccharomyces, the incidence of diarrhoea was
decreased compared to calves that did not receive the supplementation. Additionally, a positive
impact of this bacterium on animals suffering from diarrhoea was observed. The researchers
noticed that calf illness did not lead to a decrease in the average daily gain. However, there was
a decrease in disruption to the faecal microbiota in supplemented calves compared to those that
were not given supplements (Villot et al., 2019).

Blood morphological parameters serve as a crucial indicator of proper body
homeostasis. The research found that the haematological parameters of the calves were within
the reference ranges for healthy calves provided by Baumgartner (2005) and Knowles et al.
(2000). The observed rise in red blood cell count on consecutive days of rearing aligns with the
findings of Mohri et al. (2007) and Kupczynski et al. (2008), who reported a natural increase in
erythrocyte count in the blood as calves get older. The decline in blood haemoglobin levels
during the first weeks of life in new-born calves may be regarded as a physiological pattern
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(Mohri et al., 2007). The leukocyte count on day 7 and day 60 in calves in the group treated
with probiotics, using the highest values within the normal range, aligns with the findings of
previous studies. Agazzi et al. (2014) discovered that when probiotics were given to calves,
their blood profile followed the typical pattern seen in the early stages of development. These
scientists discovered a slight decrease in lymphocytes, along with an increase in monocytes and
neutrophils, in both the experimental and control groups during the whole trial. The group
treated with probiotics showed a substantial increase in haemoglobin levels and eosinophil
percentage on day 8, but the proportion of basophils fell towards the end of the research (Agazzi
et al., 2014). Qadis et al. (2014) discovered that the presence of beneficial bacteria in the
gastrointestinal tract may activate white blood cells in healthy calves. Additionally, the injection
of probiotics further enhances this effect. Administering a probiotic made from bacteria may
improve the function of cellular immunity in young calves after they have been weaned.
According to Constable et al. (2001) calves exhibiting symptoms of diarrhoea have elevated
levels of haematocrit, haemoglobin, and MCHC, while simultaneously displaying a drop in
MCV. Conversely, a study conducted by Roodposhti and Dabiri (2012) found no correlation
between the time of probiotic intake and the amounts of white blood cells, neutrophils,
lymphocytes, and monocytes. In a similar vein, Omran et al. (2020) discovered that the
utilisation of probiotics failed to have any notable impact on the parameters of white and red
blood cells.

Colostrum plays a crucial role in transferring passive immunity to calves. Failure of
passive transfer (FTP) leads to higher rates of calf illness and death (Vogels et al., 2013;
Boccardo et al., 2016), reduced productivity, and an increased likelihood of being culled later
in life (Faber et al., 2005). The quantities of IgG in calf serum progressively rise after the
absorption of IgG from colostrum via the gastrointestinal tract. The highest amounts are
typically recorded about 24-36 hours after feeding. On the other hand, the natural synthesis of
immunoglobulin classes G and M starts between 1 and 2 weeks after birth, leading to a
subsequent rise in 1gG concentrations (Hassig et al., 2007). It is generally accepted that in calves
who have received an adequate supply of colostrum, the concentration of immunoglobulin G in
their blood on the second day of birth should be higher than 15 g-I"*. However, values over 10
g-1" are considered to be sufficient (Skrzypczak et al., 2011). An IgG level below 10 g/L shows
a deficit in passive immune transfer (FTP). This scenario doubles the likelihood of sickness and
increases four-fold the probability of calf death (McGee et al., 2005, 2006). The elevated levels
of immunoglobulin concentrations reported in our experiment among calves in both studied
groups suggest a successful transmission of colostrum immunity. The elevated levels of
immunoglobulins observed in the tested groups that received the probiotic preparation align
with the findings of Roodposhti and Dabiri (2012), who reported increased plasma IgG1l
concentrations when using synbiotic and prebiotic preparations. However, it is important to
note that the observed differences were not statistically significant. Yet, the studies conducted
by Morrill et al. (1995) and Riddell et al. (2010) demonstrate that the addition of probiotics did
not have a notable impact on the levels of immunoglobulins in calves. The peak IgG antibody
concentrations seen on day 7 of life are caused by the transfer of antibodies from colostrum,
leading to a subsequent drop in plasma IgG levels in calves until they are capable of producing
their own antibodies (Riddell et al., 2010).

Lactic acid bacteria (LAB) are recognised as a means to preserve the equilibrium of gut
microbial communities and inhibit the growth of potentially harmful bacteria. Lactic acid
bacteria are believed to have antimicrobial effect against Escherichia coli and Salmonella sp.,
which are often used as microbiological markers of gut health. The decreased presence of E.
coli bacteria in the faeces of calves that were administered the probiotic preparation aligns with
the findings of previous studies (Elam et al, 2003; Roodposhti and Dabiri, 2012; Agazzi et al,
2014). Roodposhti and Dabiri (2012) demonstrated a decrease in the quantity of E. coli bacteria
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in the group that was administered probiotics. The impact is further amplified when probiotics,
prebiotics, and synbiotics are administered together. The reason for this is likely because
probiotic microbes generate chemicals such as organic acids, hydrogen peroxide, and
bacteriocins, which possess antimicrobial properties. As a result, they might potentially hinder
the growth of some infections (Roodposhti and Dabiri, 2012). The positive impact is partly a
result of the fight between probiotic bacteria and pathogenic bacteria for colonisation of the
intestinal epithelial surface. A study conducted by Elam et al. (2003) showed that the presence
of Lactobacillus acidophilus led to a decrease in E. coli bacteria in the faeces of oxen. Agazzi
et al. (2014) demonstrated that the probiotic-treated group had a greater prevalence of
Lactobacillus compared to E. coli, indicating a beneficial equilibrium in the gut microbiota.
Abney’s (2001) research, in contrast, found no statistically significant disparity in the quantity
of E. coli present in the faeces of calves that were administered probiotics and prebiotics
compared to the control group.

Prior to weaning, calves are vulnerable to many diseases that have the potential to
impact their future performance. Coccidiosis is recognised as a significant contributing factor
in diarrhoea in calves. The infection occurs when sporulated oocysts are ingested by
contaminated feed, drink, or by licking infected surfaces. It often happens in environments with
poor cleanliness, increased animal population, and stressful conditions like weaning (Verma et
al., 2018). The incidence of Eimeria sp. infection is particularly high in calves, leading to the
occurrence of clinical or subclinical coccidiosis. It is important to note that Eimeria sp. may be
often detected in the faeces of healthy calves. Therefore, it is recommended to conduct clinical
observations of diarrhoea and faecal testing for Eimeria sp. at the same time (Cornelissen et al.,
1995). The agricultural business suffers a significant economic effect from both clinical and
subclinical coccidiosis, mostly due to the expenses associated with treatment and the decreased
productivity of affected animals.

Probiotics generally have a beneficial impact on various animal species by enhancing
their performance. They play a role in shaping the composition of the intestinal microflora,
resulting in a reduced occurrence of harmful microorganisms and improved utilisation of
nutrients. The study’s findings suggest that administering the probiotic preparation had a
positive impact on the weight gain and final body mass of the calves. Additionally, it had a
beneficial impact on the physical characteristics of blood, levels of immunoglobulins, and the
composition of the gastrointestinal microflora and parasitic organisms.

References

Abe F., Ishibashi N., Shimamura S. (1995). Effect of administration of Bifidobacteria and lactic
acid bacteria to newborn calves and piglets. J. Dairy Sci., 78: 2838-2846.

Abney M.D. (2001). Effects of feeding direct-fed microbials and prebiotics on receiving calf
performance, health, and fecal shedding of pathogens. A thesis in animal science. Texas
Tech University. ss. 40.

Agarwal N., Kamra D.N., Chaudhary L.C., Agarwal L., Sahoo A., Pathak N.N. (2002).
Microbial status and rumen enzyme profile of crossbred calves on different microbial
feed additives. Lett. Appl. Microbiol., 34: 329-336.

Agazzi A., Tirloni E., Stella S., Maroccolo S., Ripamonti B., Bersani C., Caputo J.M., Dell’Orto
V., Rota N., Savoini G. (2014). Effects of species-specific probiotic addition to milk
replacer on calf health and performance during the first month of life. Ann. Anim. Sci.,
14 (1): 101-115; DOI: 10.2478/aoas-2013-0089.

Alipour M.J., Jalanka J., Pessa-Morikawa T., Kokkonen T., Satokari R., Hynonen U.,
livanainen A., Niku M. (2018). The composition of the perinatal intestinal microbiota in
cattle. Sci. Rep., 8:10437; DOI:10.1038/s41598-018-28733-y.



I. Radkowska and A. Szewczyk

Allen H.K., Levine U.Y., Looft T., Bandrick M., Casey T.A. (2013). Treatment, promotion,
commotion: Antibiotic alternatives in food-producing animals. Trends Microbiol., 21:
114-1109.

Baumgartner W. (2005). Klinische Propéadeutik der inneren Krankheiten und Hautkrankheiten
der Haus- und Heimtiere. Parey, Berlin. ss. 300.

Benito de Cardenas I.L., Ledesma O.V., Olivier G. (1987). Utilization of pyruvate in
Lactobacillus casei subsp. rhamnosus ATCC 7469. Curr. Microbiol. 15: 259-264.

Bhat M.I., Kapila R. (2017) Dietary metabolites derived from gut microbiota: critical
modulators of epigenetic changes in mammals. Nutr Rev.,1, 75(5): 374-389.

Boccardo A., Belloli A., Biffani S., Locatelli V., Dall'Ara P., Filipe J., Restelli 1., Proverbio D.,
Pravettoni D. (2016). Intravenous immunoglobulin transfusion in colostrum-deprived
dairy calves. Vet. J., 209: 93-97.

Bouskra D., Christophe Brézillon C., Bérard M., Werts C., Varona R., Boneca I.G., Eberl G.
(2008). Lymphoid tissue genesis induced by commensals through NOD1 regulates
intestinal homeostasis. Nature, 456: 507-510.

Castagliuolo I, LaMont J.T., Nikulasson S.T., Pothoulakis C. (1996). Saccharomyces boulardii
protease inhibits Clostridium difficile toxin A effects in the rat ileum. Infect Immun.,
64(12): 5225-5232.

Constable P.D., Thomas E., Boisrame B. (2001). Comparison of two oral electrolyte solutions
for the treatment of dehydrated calves with experimentally-induced diarrhoea. Vet. J.,
162: 129-140.

Cornelissen A.W., Verstegen R., van den Brand H., Perie N.M., Eysker M., Lam T. J., Pijpers
A. (1995). An observational study of Eimeria species in housed cattle on Dutch dairy
farms. Vet Parasitol., 56: 7-16; DOI: 10.1016/0304-4017(94)00671-X.

Dumoulin P.G., Girard C.L., Matte J.J., St-Laurent G.J. (1991). Effects of a parenteral
supplement of folic acid and its interaction with level of food intake on hepatic tissues
and growth performance of young dairy heifers. J. Anim. Sci., 69: 1657-1666.

Elam N.A., Gleghorn J.F., Rivera J.D., Galyean M.L., Defoor P.J., Brashears M.M., Younts-
dahl S.M. (2003). Effects of live cultures of Lactobacillus acidophilus (strains NP45 and
NP51) and Propionibacterium freudenreichii on performance, carcass, and intestinal
characteristics and Escherichia coli strain 0157 shedding of finishing beef steers. J. Anim.
Sci., 81: 2686-2698.

Faber N., Faber N.E., McCauley T.C., Ax R.L. (2005). Case study: Effects of colostrum
ingestion on lactational performance. Prof. Anim. Sci., 21: 420-425.

Guarner F., Malagelada J.R. (2003). Gut flora in health and disease. Lancet., 361: 512-5109.

Hassig M., Stadler T., Lutz H. (2007). Transition from maternal to endogenous antibodies in
newborn calves. Vet. Rec., 160: 234-235.

Henderson G.B, Kojima M.J., Kumar H.P. (1985). Kinetic evidence for two interconvertible
forms of the folate transport protein from Lactobacillus casei. J. Bacteriol. 163: 1147—
1152.

Henriksen S.A., Pohlenz J.F. (1981). Staining of cryptosporidia by a modified Ziehl-Neelsen
technique. Acta Vet. Scand., 22(3-4): 594-596.

Higgenbotham G.E., Bath D.L. (1993). Evaluation of Lactobacillus fermentation cultures in
calf feeding systems. J. Dairy Sci., 76: 615-620.

Hulbert L.E., Moisa S.J. (2016). Stress, immunity, and the management of calves. J Dairy Sci.,
99(4): 3199-3216.

Knowles T.G., Edwards J.E., Bazeley K.J., Brown S.N., Butterworth A., Warriss P.D. (2000).
Changes in the blood biochemical and haematological profile of neonatal calves with age.
Vet. Rec., 147: 593—598.


https://pubmed.ncbi.nlm.nih.gov/?term=Bhat+MI&cauthor_id=28444216
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.nature.com/nature

The effect of a probiotic preparation on weight gain and health in calves

Kong X.F., Wu G.Y., Yin Y.L. (2011). Roles of phytochemicals in amino acid nutrition. Front
Biosci., S3: 372-384.

Kupczynski R., Adamski M., Roman A. (2008). Hematological parameters and acid-base
balance in blood of calves depending on an iron level in the first week of their life. Acta
Sci. Pol. Zootechnica., 7 (3—4): 61-70.

Lesmeister K.E., Heinrichs A., Gabier M.T. (2004). Effects of supplemental yeast culture on
rumen development, growth character and blood parameters in neonatal dairy calves. J
Dairy Sci., 87: 1832-1839.

Li L.L., Hou Z.P,, Yang C.B., Wu G.Y., Huang R.L., Tang Z.R., Gong J.H., Yu H., Li T.J.,
Kong X.F., Pan C.F., Deng J., Wang X.Q., Yin G, Yin Y.L. (2008). Effects of probiotic
supplementation on ileal digestibility of nutrients and growth performance in 1-d-old to
42-d-old broilers. J Sci. Food Agric., 88: 135-142.

Martinez-Vaz B.M., Fink R.C., Diez-Gonzalez F., Sadowsky M.J. (2014). Enteric pathogen-
plant interactions: Molecular connections leading to colonization and growth and
implications for food safety. Microbes Environ., 29: 123-135.

McAllister T.A., Wang Y., Diarra M.S., Alexander T., Stanford K. (2018). Challenges of a one-
health approach to the development of alternatives to antibiotics. Animal Frontiers. 8(2):
10-20.

McGee M., Drennan M.J., Caffery P.J. (2005). Effect of suckler cow genotype on cow serum
immunoglobulin (1g) levels, colostrum vyield, composition and Ig concentration and
subsequent immune status of their progeny. Irish J. Agric. Food Res., 44: 173-183.

McGee M., Drennan M.J. Caffery P.J. (2006). Effect of age and nutrient restriction pre partum
on beef suckler cow serum immunoglobulin concentrations, colostrum yield, composition
and immunoglobulin concentration and immune status of their progeny. Irish J. Agric.
Food Res., 45: 157-171.

Mohri M., Sharifi K., Eidi S. (2007). Hematology and serum biochemistry of Holstein dairy
calves: Age related changes and comparison with blood composition in adults. Res. Vet.
Sci., 83: 30-39.

Morrill J.L., Morrill M., Feyerherm A.M. (1995). Plasma protein and probiotic as ingredients
in milk replacer. J. Dairy Sci., 78: 902—907.

Omran H.F., Kiroloss F.N., Mohamed A.S. (2020). Effect of CATA PRO® on hemato-
biochemical parameters, fecal shedding of Escherichia coli and frequency of diarrhea in
neonatal buffalo calves. Zag. Vet. J., 48 (2): 107-115.

Pais P., Almeida V., Yilmaz M., Teixeira M.C. (2020). Saccharomyces boulardii: What makes
it tick as successful probiotic? J. Fungi, 6(2): 78.

Pothoulakis C. (2009). Review article: Anti-inflammatory mechanisms of action of
Saccharomyces boulardii. Aliment Pharmacol. Ther., 30(8): 826-833.

Qadis A.Q., Goya S., Yatsu M., Yoshida Y., Ichijo T., Sato S. (2014). Effects of a bacteria-
based probiotic on subpopulations of peripheral leukocytes and their cytokine mRNA
expression in calves. J. Vet. Med. Sci., 76(2): 189-195.

Raabis S., Li W., Cersosimo L. (2019). Effects and immune responses of probiotic treatment in
ruminants. Vet. Imm. Immunopathol. 208: 58-66.

Riddell J.B., Gallegos A.J., Harmon D.L., Mcleod K.R. (2010). Addition of a Bacillus based
probiotic to the diet of preruminant calves: influence on growth, health, and blood
parameters. Intern. J. Appl. Res. Vet. Med., 8: 78-85.

Roepstorff A., Nansen P. (1998). Epidemiology, diagnosis and control of helminth parasites of
swine. FAO Animal Health Manual, Roma. ss. 161.

Roodposhti P.M., Dabiri N. (2012). Effects of probiotic and prebiotic on average daily gain,
fecal shedding of Escherichia coli, and immune system status in newborn female calves.
Asian-Australas J Anim. Sci., 25(9): 1255-1261; DOI: 10.5713/ajas.2011.11312.


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19706150

I. Radkowska and A. Szewczyk

Rossi M., Amaretti A., Raimondi S. (2011). Folate production by probiotic bacteria. Nutrients,
3(1): 118-134.

Santman-Berends I.M.G.A., Schukken Y.H., van Schaik G. (2019). Quantifying calf mortality
on dairy farms: Challenges and solutions. J. Dairy Sci., 102(7): 6404—6417.

Schamberger G.P., Diez-Gonzalez F. (2002). Selection of recently isolated colicinogenic
Escherichia coli strains inhibitory to Escherichia coli O157:H7. J. Food Protect., 65:
1381-1387.

Skrzypczak W.F., Ozgo M., Lepczynski A., Herosimczyk A. (2011). Defining the blood plasma
protein repertoire of seven day old dairy calves — a preliminary study. J Physiol.
Pharmacol., 62: 313-3109.

Stenzel R., Saba L., Widenski K., Chabuz W. (2000). The use of herb extracts in the feeding of
calves to three months of age. Ann. Anim. Sci., 27: 123-131.

Thorsteinsson M., Martin H.L., Larsen T., Sehested J., Vestergaard M. (2020). The effects of
supplementation of yeast (Saccharomyces cerevisiae) and postbiotic from Lactobacillus
acidophilus on the health and growth performance of young Jersey heifer calves. Anim.
Feed Sci. 29 (3): 224-233.

Timmerman H.M., Mulder L., Everts H., van Espen D.C., van der Wal E., Klaassen G.,
Rouwers S.M., Hartemink R., Rombouts F.M., Beynen A.C. (2005). Health and growth
of veal calves fed milk replacers with or without probiotics. J. Dairy Sci., 88: 2154-2165.

Tkalcic S., Zhao T., Harmon B.G., Doyle M.P., Brown A., Zhao P. (2007). Fecal shedding of
enterohemorrhagic Escherichia coli in weaned calves following treatment with probiotic
Escherichia coli. J. Food Protect., 66: 1184-1189.

Uyeno Y., Sekiguchi Y., Kamagata Y. (2010). rRNA-based analysis to monitor succession of
faecal bacterial communities in Holstein calves. Lett. Appl. Microbiol., 51:570-577
Uyeno Y., Shigemori S., Shimosato T. (2015). Effect of probiotics/prebiotics on cattle health

and productivity. Microbes. Environ., 30(2): 126-132.

Verma R., Das G., Saiyam R., Bendigeri S. (2018). Clinical coccidiosis in calves and its
treatment. J. Entomol. Zool. Stud., 6(2): 2964-2967.

Villot C., MaT., Renaud D.L., Ghaffari M.H., Gibson D.J., Skidmore A., Chevaux E., Guan L.
L., Steele M.A. (2019). Saccharomyces cerevisiae boulardii CNCM 1-1079 affects health,
growth, and fecal microbiota in milk-fed veal calves. J. Dairy Sci., 102(8): 7011-7025.

Villot C., Chen Y., Pedgerachny K., Chaucheyras-Durand F., Chevaux E., Skidmore A., Guan
L.L., Steele M.A. (2020). Early supplementation of Saccharomyces cerevisiae boulardii
CNCM 1-1079 in newborn dairy calves increases IgA production in the intestine at 1 week
of age. J. Dairy Sci., 103(9): 8615-8628.

Vogels Z., Chuck G.M., Morton J.M. (2013). Failure of transfer of passive immunity and
agammaglobulinaemia in calves in South-West Victorian dairy herds: Prevalence and risk
factors. Aust. Vet. J., 91: 150-158.

Von Buenau R., Jaekel L., Schubotz E., Schwarz S., Stroff T., Krueger M. (2005). Escherichia
coli strain Nissle 1917: significant reduction of neonatal calf diarrhoea. J. Dairy Sci., 88:
317-323.

YelJ.,, WuW., Li Y., Li L. (2017). Influences of the gut microbiota on DNA methylation and
histone modification. Dig. Dis. Sci., 62(5): 1155-1164.

Approved for publication: 6 November 2023


https://pubmed.ncbi.nlm.nih.gov/?term=Rossi+M&cauthor_id=22254078
https://pubmed.ncbi.nlm.nih.gov/?term=Amaretti+A&cauthor_id=22254078
https://pubmed.ncbi.nlm.nih.gov/?term=Raimondi+S&cauthor_id=22254078

