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Introduction

Probiotics, prebiotics, phytogenic compounds 
and butyrate sources are commonly used feed 
additives in calf milk replacers (MR) (Frieten et al., 
2017; Stefańska et  al., 2021; Jahani-Azizabadi 

et al., 2022). Among these feed additives, probiotic 
bacteria are most often included in calf MR formulas 
due to their well-established positive effect on calf 
growth and health, as confirmed by the results of 
numerous studies (Signorini et al., 2012; Cangiano 
et  al., 2020). One of the mechanisms through

ABSTRACT. Thirty two Holstein calves were used to investigate the effects 
of sodium butyrate (SB), phytogenic compounds (PC; consisting mainly of 
caraway, liquorice extract, oak bark and vanilla flavour), and egg yolk antibodies 
(EY) supplementation in milk replacer (MR) containing probiotic bacteria on 
the counts of total bacteria and selected bacteria in faeces. The calves were 
fed a mixture of surplus colostrum, transition milk and whole milk for the first  
9 days of life. On day 10, they were assigned to one of four treatments (8 calves/
treatment): 1) MR containing probiotic bacteria but no other feed additives 
(control treatment; CTRL); 2) MR with SB; 3) MR with PC; and 4) MR with EY. On 
day 14 of the study, total bacteria counts were higher in EY calves, Lactobacillus 
spp. counts were higher in PC and EY calves, and Bifidobacterium spp. counts 
were higher in SB, PC and EY calves compared to CTRL calves. Escherichia coli 
counts were higher in EY calves and tended to be higher in SB calves compared 
to CTRL. On day 28 of the study, total bacteria counts tended to be lower in 
PC calves, Lactobacillus spp. counts were higher, while Clostridium perfringens 
counts were lower in EY calves compared to CTRL calves. It was concluded 
that the supplementation of SB, PC and EY in MR already containing probiotic 
bacteria may either increase or reduce the abundance of beneficial (Lactobacillus 
spp. and Bifidobacterium spp.) but also undesired (E. coli, and C. perfringens) 
bacteria in calf faeces. Of the investigated feed additives, PC supplementation 
exerted the most beneficial effect on the composition of faecal bacteria, while EY 
supplementation can reduce C. perfringens shedding in faeces.
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which probiotics exert their beneficial impacts in-
volves modulating the intestinal microbiome. Pro-
biotic bacteria can colonise the gastrointestinal tract 
(GIT) and enhance settlement of other beneficial 
bacteria (Plaza-Diaz et  al., 2019), thereby reducing 
the probability of GIT colonisation by pathogenic 
bacteria. Numerous studies have demonstrated that 
feeding probiotics to calves increases the counts 
of beneficial bacteria (e.g. Lactobacillus spp.) 
and reduces the counts of harmful or potentially 
harmful bacteria (e.g. Escherichia  coli) in faeces  
(Roodposhti and Dabiri, 2012; Signorini et al., 2012). 
Consequently, calves receiving probiotic feed addi-
tives often experience fewer episodes of diarrhoea 
(Signorini et al., 2012; Cangiano et al., 2020).

The gastrointestinal microbiome in newborn ru-
minants is not only affected by feeding probiotic bac-
teria, but also by other feed additives. For example, 
sodium butyrate supplementation in MR was shown 
to affect microbiota composition in the colon of calves 
(O’Hara et al., 2018), nucleotide addition to MR af-
fected Lactobacillus spp. counts in the faeces of calves 
(Górka et  al., 2021), while egg yolk antibodies, de-
rived from eggs laid by immunised hens, reduced the 
shedding of certain pathogens in the faeces of lambs 
(Cook et al., 2005). Moreover, pathogenic compound 
supplementation in calf MR was demonstrated to af-
fect rumen bacterial population (Jahani-Azizabadi 
et al., 2022) and reduce the occurrence and shedding 
of Cryptosporidium and Giardia duodenalis in faeces 
(Stefańska et al., 2021). Of the aforementioned feed 
additives, knowledge regarding the effects of phyto-
genic additives in calf MR is particularly limited. This 
is due to the wide variation in composition of different 
phytogenic additives, which depend on the specific 
plant materials or extracts and their combinations in 
the formulation. It has also been repeatably observed 
that the doses of this type of feed additives are criti-
cal for their final effects, as excessive doses may lead 
to negative outcomes (Brand et al., 2019; Kolif et al., 
2021; Jahani-Azizabadi et al., 2022). Therefore, fur-
ther research is needed to fill the gap in our under-
standing of the effects of phytogenic feed additives 
supplementation in calf MR.

Probiotic bacteria are commonly combined 
with other feed additives in calf MR, as a  poten-
tial strategy to further improve performance of the 
calves (Górka et  al., 2021; 2023; Stefańska et  al., 
2021). Moreover, farmers often supplement other 
feed additives in MR that already contains probiotic 
bacteria (authors’ observations); however, there is 
limited evidence demonstrating that combining var-
ious feed additives in calf MR results in additional  

benefits (Von Erhard et  al., 2000; Stefańska et  al., 
2021). In fact, some combinations of feed additives 
in MR may negatively affect calf performance and 
health (Wood et  al., 2019; Górka et  al., 2023) or 
abolish the positive effect of feed additive already 
present in MR (Górka et al., 2023). Furthermore, the 
effect of such a practice can be highly variable de-
pending on the farm where a combination of various 
feed additives is applied (Górka et al., 2023). 

The effectiveness of feed additives may be also 
affected by the age of calves and their nutrition be-
fore the initiation of supplementation. Most studies 
investigating the effect of various feed additives in 
calf MR focused on the period from first 2 to 4 days 
of the calves’ life (Von Erhard et al., 2000; Stefańska 
et al., 2021; Jahani-Azizabadi et al., 2022). Howev-
er, feed additives can also be introduced in the diet 
later in the life of calves, especially when MR feed-
ing begins after 7 to 14 days, following the adminis-
tration of surplus colostrum or transition milk for an 
extended period of time (Górka et al., 2021; 2023). 
The feeding of colostrum or transition milk during 
the first days of calves’ life can significantly impact 
the efficacy of feed additive supplementation. Pro-
longed colostrum feeding has known effects on the 
development of the calves’ GIT and immune system 
development, and thus their growth and health (Van 
Soest et al., 2022). Among the many factors influ-
encing calf body development, colostrum intake 
was also shown to affect the development of the in-
testinal microbiota (Fischer et al., 2018).

The aim of the study was to determine the ef-
fect of supplementing calf milk replacer containing 
probiotic bacteria with sodium butyrate, phytogenic 
compounds and egg yolk antibodies on selected bac-
teria counts in faeces. The study focused on calves 
that were fed surplus colostrum and transition milk 
for the initial 9 days of their lives. The hypothesis 
was that the combination of various feed additives 
with probiotic bacteria in MR might not necessarily 
have a beneficial effect on the intestinal microbiota 
of calves fed colostrum and transition milk for an 
extended period of time.

Material and methods
The study was carried out on a dairy farm located 

in the northwestern Poland (Gospodarstwo Rolno-
Hodowlane Żydowo Sp. z o. o., Żydowo; Farm B). 
The experimental procedures were in accordance 
with Polish legislation, which is in line with EU Di-
rective 2010/63/EU concerning the protection of ani-
mals used for scientific purposes.
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A  detailed description of the experimental de-
sign, housing and feeding of calves can be found 
in a  companion paper (Górka et  al., 2023), specifi-
cally in the description of Study 1B. Briefly, 96 Hol-
stein calves (48 females and 48 males; average body 
weight of 45.3 ± 4.1 kg and a total serum protein level 
of 5.71 ± 0.73 g/l) were blocked by date of birth and 
sex at 10  days of age and then allocated to one of 
four treatments within each block: 1) MR containing 
probiotic bacteria but no other feed additives (control 
treatment; CTRL); 2) MR with sodium butyrate (SB; 
3.4 kg/t, resulting in an intake of 3.1 g/calf/day; Adi-
mix Easy, Nutriad, Belgium); 3) MR with phytogenic 
compounds (PC; 0.5  kg/t, resulting in an intake of 
0.45  g/calf/day; Digestarom, Biomin, Austria) con-
sisting mainly of caraway, liquorice extract, oak bark 
and vanilla flavour; and 4) MR with egg yolk anti-
bodies (EY; egg yolk powder containing specific anti-
bodies; 3 kg/tonne, resulting in an intake of 2.7 g/calf/
day; Globigen Life Start, EW Nutrition, Germany). 
The MR (21% crude protein and 18% fat) used in the 
study contained Bacillus licheniformis and B. subtilis 
(1.3 × 106 CFU/g), and Enterococcus faecium (1.2 × 
106 CFU/g). The addition of each feed additive to the 
MR followed the recommendations provided by the 
respective manufacturers. However, it is important to 
note that the manufacturers were not directly consult-
ed, and their representatives were not involved in the 
preparation of study protocols. 

Prior to the study, the calves were separated from 
their dams immediately after birth. The calves were 
then individually housed in straw-bedded hutch-
es, which measured 150 × 120 × 125 cm (length × 
width  × high) and included an additional outside 
area of 150 × 120 cm. Within the first two hours of 
life, each calf received 4 litres of maternal colostrum 
via a stomach tube. Thereafter, a mixture of surplus 
colostrum, transition milk, and if necessary to obtain 
sufficient volume, whole milk (tank milk) was offered 
(3 × 2 l) until day 10 of life. From that day onwards, 
the calves were fed 6 l of MR three times a day (2 l/
feeding; 150 g of MR powder in 1 l of water). The 
MR (Polmass Red Full, Polmass S.A., Bydgoszcz, 
Poland) contained 21% crude protein and 18% fat 
and was fed from a nipple bucket. Starting from the 
first day of the study, the calves had also free access 
to a  texturised starter feed (Chrupka, Lira Wytwór-
nia Pasz, Krzywiń, Poland). The calves remained in 
the study until 60 days of age, thus the study lasted 
50 days (from 10 to 60 days of age). Prior to the en-
rolment to the study, the intake of colostrum, transi-
tion milk, and whole milk by the calves during the 
first 9 days of life was not monitored.

Calves were weighed on the first day of the study 
and every 10  days thereafter. Milk replacer intake 
was monitored daily and the faecal score was as-
sessed also daily using the scoring system proposed 
by Larson et al. (1977). Starter intake was determined 
by recording the amount of starter fed throughout the 
study period, and feed efficiency was calculated by 
dividing body weight gain by dry matter intake (Gór-
ka et al., 2023).

On days 14 (± 2 days) and 28 (± 2 days) of the 
study, faecal samples were collected from 8 random-
ly selected calves/treatment (4 females and 4 males) 
and analysed for the total number of bacteria, Lacto-
bacillus spp., Bifidobacterium spp., E. coli, and Clos-
tridium  perfringens counts. The deviation in faecal 
sampling days (± 2 days) was due to the fact that fae-
cal samples were collected two times a week (Tues-
day and Friday) and the number of samples collected 
each day had to be limited due to laboratory logistics. 
Therefore, the actual days of faecal sample collection 
were days 14.0 and 27.8 of the study.

The procedure of faecal sampling and bacterial 
analysis can be found elsewhere (Górka et al., 2021). 
Briefly, faecal samples were collected by manually 
stimulating the rectum of the calves, and collecting 
faeces into sterile containers (120 ml). For analysis of 
anaerobic bacterial counts, the containers were also 
placed in a foil bag with AnaeroGen Compact (Ther-
mo Fisher Scientific Oxoid Ltd., Basingstoke, UK). 
Subsequently, the samples were transported to the 
laboratory of the Department of Biology and Animal 
Environment at the Bydgoszcz University of Science 
and Technology in a portable refrigerator. Ten grams 
of fresh faecal sample was diluted with 90 ml of 1% 
peptone water with 0.85% salt (Thermo Fisher Sci-
entific Oxoid Ltd. Basingstoke, UK) and shaken for 
3 min using a laboratory blender (BagMixer® 400CC, 
Interscience, Saint Nom la Brétèche, France). Subse-
quently, serial dilutions were made in saline peptone 
water and cultured onto selective media. Tryptic Soy 
Agar (TSA; Merck, Darmstadt, Germany) was used to 
determine the total number of bacteria. The obtained 
inoculations were incubated for 24 h at a temperature 
of 37 °C. Chromogenic Tryptone Bile X-glucuronide 
(TBX-Agar; Merck, Darmstadt, Germany) medium 
was used for the determination of β-glucuronidase-
positive E.  coli. The plates were incubated for 
24  h at 44  °C. Lactobacillus spp. was cultured on  
De Man, Rogosa and Sharpe (MRS) agar (Lactoba-
cillus Agar; Merck, Darmstadt, Germany). MRS agar 
contains polysorbate, acetate and manganese in its 
composition, which act as growth-promoting agents 
for lactobacilli. Incubation was carried out at the  
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temperature of 30  °C for 72  h. The culture plates 
were placed in 2.5-l AnaeroJar (Thermo Fisher Sci-
entific Oxoid Ltd., Basingstoke, UK) containers 
with Anaerogen (Oxoid) sachets to ensure appropri-
ate anaerobic conditions. Bifidobacterium spp. was 
cultured on Bifidus Selective Medium (BSM-Agar; 
Sigma-Aldrich, St. Louis, MO, USA). Incubation 
was carried out at a temperature of 37 °C for 36–48 h 
in anaerobic conditions. C. perfringens was grown 
on medium Tryptose Sulphite Cycloserine (TSC-
Agar; Merck, Darmstadt, Germany). Incubation was 
carried out at a  temperature of 37  °C for 36–48 h 
in anaerobic conditions. As a result of the reaction 
of sodium disulphite with iron (III) ammonium ci-
trate, C. perfringens forms black colonies on medi-
um surface, and the addition of cycloserine helps to 
inhibit the growth of accompanying bacteria. Bac-
terial species identification was performed on the 
basis of characteristic morphology of the colonies, 
Gram staining, and the biochemical analytical pro-
file index tests API 20 A and API 20 E (BioMérieux 
Polska Sp z.o.o., Warsaw, Poland). The analysis was 
performed in triplicate. Only plates with colony-
forming units (CFU) ranging from 15 to 300 were 
used for calculations. 

The results are expressed in CFU/g fresh faeces 
and calculated as:

       L = C
 [n1 + (0.1 × n2)] × d

 

where: L – total number of bacteria (CFU/g of fae-
ces); C – sum of all colonies grown on plates used 
for calculation; n1 – number of plates from the first 
calculated dilution; n2 – number of plates from the 
next calculated dilution; d  – dilution index corre-
sponding to the first calculated dilution.

Data were analysed using the MIXED procedure 
of SAS software (ver. 9.4, SAS Institute, Inc.). Fae-
cal bacteria count data were log-transformed before 
the analysis and the results were analysed separately 
for each sampling point. Prior to data analysis, data 
normality and homogeneity of variance were tested 
using PROC UNIVARIATE of SAS. The statistical 
model included the fixed effects of treatment, sex of 
the calves, and the interaction between sex and treat-
ment. The age of the calves on the day of sampling 
was initially included in the model as a  covariate 
to account for initial age variation. However, it was 
found to be non-significant (P > 0.10) for all anal-
ysed parameters and was removed from the model.  
Furthermore, the passive immunity of calves was in-
cluded as a covariate in the statistical model. Since 
this effect tended to (P  ≤  0.10) be significant for some 

analysed parameters, it was left in the model. The 
analysis of other variables such as body weight, feed 
intake, and feed efficiency was conducted according 
to the same statistical model described above. Initial 
body weight was included in the model as a covariate 
for analysis of final body weight and feed efficiency. 
Faecal score data were analysed using PROC GLIM-
MIX of SAS and Poisson distribution. The statistical 
model included the effect of time (day of the study). 
When a significant interaction effect of treatment and 
sex of the calves was observed, means were separated 
using a Tukey adjustment in SAS. Significance was 
declared when P  ≤ 0.05, and trends were declared  
at 0.05 < P ≤ 0.10.

Results
Passive immune status (total serum protein 

concentration), initial and final body weight, MR 
and starter intake, feed efficiency, and faecal score 
of calves selected for faecal sampling are presented 
in Table 1. Total serum protein, initial body weight, 
MR intake, starter intake and the faecal score did 
not differ between treatments (P ≥ 0.18), while final 
body weight tended to or was significantly higher 
in SB and EY calves compared to CTRL calves  
(P  ≤ 0.10). Furthermore, feed efficiency was 
significantly higher for PC and EY calves compared 
to CTRL calves (P ≤ 0.05). However, it is important 
to interpret these differences with caution as they 
are based on a sample size of 8  calves/treatment 
and are not consistent with the results presented 
in the companion paper, which presents the effect 
of investigated factors on growth performance 
of calves on a  larger number of animals (Górka 
et  al., 2023). Regarding the interaction between 
effect of treatment and sex of the calves, only 
a few interactions were observed. Specifically, total 
bacteria counts on day  14 of the study tended to 
(P  = 0.06) be affected by the interaction between 
effect of treatment and sex of the calves. The highest 
counts were observed for PC and EY bull calves, 
while the lowest for SB heifers. The total bacteria 
count on day  28 of the study was also affected 
by the interaction between effect of treatment 
and sex of the calves (P = 0.05), with the highest 
counts observed for EY heifers and the lowest for 
PC heifers. Moreover, C.  perfringens counts were 
affected by the interaction between treatment and 
sex of the calves (P = 0.05), with the highest counts 
recorded for EY heifer calves and the lowest for 
PC heifers calves. However, the Tukey post-hoc 
mean separation did not detect differences between 

L = C
[n1 + (0.1 × n2 )] × d

 ,
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treatments for any of the listed parameters. Thus, the 
results concerning sex within each treatment are not 
presented and discussed further in the manuscript.  
This decision is additionally justified by the 
relatively small sample size (4 bulls and 4 heifers/
treatment), which does not allow to accurately 
determine (i.e. sufficiently limit the statistical error) 
significant interactions between these effects.

On day  14 of the study, total bacteria counts 
were higher for EY calves compared to CTRL calves 

(P  = 0.02; Table  2). Furthermore, Lactobacillus 
spp. counts were higher for PC and EY calves com-
pared to CTRL calves (P  < 0.01), whereas Bifido-
bacterium spp. counts were higher for SB, PC and 
EY calves compared to CTRL calves (P  ≤ 0.02).  
On the other hand, E. coli counts were higher for EY 
calves (P = 0.02) and tended to (P = 0.06) be higher 
for SB calves compared to CTRL. In consequence, 
the Lactobacillus-to-Escherichia ratio tended to 
(P  = 0.09) be lower for SB compared to CTRL 

Table 1. Passive immune status at the start of the study (serum total protein concentration), body weight, feed intake, feed efficiency, and faecal 
score of calves

                             Group
 SE

             Contrasts1

CTRL SB PC EY 1 2 3
N 8 8 8 8
Total serum protein, g/l     5.88     5.83     5.69     5.51   0.327 0.93 0.69 0.44
Initial body weight, kg   45.0   42.9   45.5   45.1   1.35 0.30 0.80 0.97
Final body weight, kg   84.2   87.5   86.3   88.7   1.32 0.10 0.26 0.03
Milk replacer intake, kg DM2   43.9   44.1   44.1   44.1   0.06 0.25 0.18 0.19
Starter intake, kg DM   13.9   14.1   11.5   13.6   1.32 0.94 0.21 0.85
Feed efficiency, g gain/kg DM 684 737 750 768 23.1 0.13 0.05 0.02
Faecal score3     1.07     1.03     1.04     1.08   0.031 0.43 0.49 0.75
CTRL – animals fed a milk replacer with probiotic bacteria only, SB – animals fed a milk replacer containing probiotic bacteria and sodium 
butyrate (3.4 kg/t, 3.1 g/day/calf; Adimix Easy, Nutriad, Belgium), PC – animals fed a milk replacer containing probiotic bacteria and phytogenic 
compounds (0.5 kg/t, 0.45 g/day/calf; Digestarom, Biomin, Austria), EY – animals fed a milk replacer containing probiotic bacteria and egg yolk 
antibodies (egg yolk powder containing specific antibodies; 3 kg/t, 2.7 g/day/calf; Globigen Life Start, EW Nutrition, Germany), SE – standard 
error, DM – dry matter; 1 1 – CTRL vs. SB, 2 – CTRL vs. PC, 3  – CTRL vs. EY; 2 cumulative intake throughout the study; 3 tendency to significant 
time effect (P = 0.09); P < 0.05 indicates significant differences

Table 2. Bacterial counts in faeces on day 14 and 28 of the study (log10 CFU/g of fresh faeces)

                            Group
SE

              Contrasts1

CTRL SB PC EY 1 2 3
N 8 8 8 8
Day 14 of the study

total bacteria 9.31 9.35 9.80 10.14 0.239 0.89   0.16   0.02
Lactobacillus spp. 7.38 7.37 8.12   8.22 0.125 0.95 <0.01 <0.01
Bifidobacterium spp. 7.26 7.78 8.33   8.37 0.148 0.02 <0.01 <0.01
E. coli 6.28 6.78 6.29   6.92 0.177 0.06   0.98   0.02
C. perfringens 3.88 3.76 3.70   3.82 0.138 0.55   0.34   0.75
Lactobacillus: Escherichia 1.18 1.09 1.30   1.20 0.036 0.09   0.03   0.77
Bifidobacterium: Escherichia 1.17 1.15 1.26   1.21 0.036 0.76   0.08   0.25

Dday 28 of the study
total bacteria 9.48 8.99 9.04   9.36 0.192 0.09   0.13   0.68
Lactobacillus spp. 7.01 7.24 7.23   7.56 0.148 0.28   0.29   0.02
Bifidobacterium spp. 7.06 7.44 7.35   6.84 0.189 0.18   0.30   0.40
E. coli 6.23 6.44 6.07   6.55 0.199 0.45   0.59   0.26
C. perfringens 3.87 3.58 3.60   2.97 0.140 0.16   0.20 <0.01
Lactobacillus: Escherichia 1.14 1.14 1.20   1.16 0.046 0.99   0.36   0.74
Bifidobacterium: Escherichia 1.14 1.17 1.22   1.04 0.044 0.67   0.24   0.14

CTRL – animals fed a milk replacer with probiotic bacteria only, SB – animals fed a milk replacer containing probiotic bacteria and sodium 
butyrate (3.4 kg/t, 3.1 g/day/calf; Adimix Easy, Nutriad, Belgium), PC – animals fed a milk replacer containing probiotic bacteria and phytogenic 
compounds (0.5 kg/t, 0.45 g/day/calf; Digestarom, Biomin, Austria), EY – animals fed a milk replacer containing probiotic bacteria and egg yolk 
antibodies (egg yolk powder containing specific antibodies; 3 kg/t, 2.7 g/day/calf; Globigen Life Start, EW Nutrition, Germany), SE – standard 
error, CFU – colony forming unit; 1 1 – CTRL vs. SB, 2 – CTRL vs. PC, 3 – CTRL vs. EY; P < 0.05 indicates significant differences
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calves, but was higher (P = 0.03) for PC calves com-
pared to CTRL calves. The ratio of Bifidobacterium-
to-Escherichia also tended to (P = 0.08) be higher 
for PC compared to CTRL.

On day  28  of the study, total bacteria counts 
tended to (P = 0.09) be lower for SB calves com-
pared to CTRL calves. Lactobacillus spp. counts 
were higher (P = 0.02), whereas that of C. perfrin-
gens counts were lower (P  < 0.01) for EY calves 
compared to CTRL calves. 

Additionally, several differences between bull 
and heifer calves were detected. On day 14 of the 
study, bull calves had higher Lactobacillus spp. 
counts (7.96 vs. 7.59; P < 0.01) but lower E. coli 
counts (6.38 vs. 6.75; P = 0.05) compared to heifer 
calves. Consequently, the Lactobacillus-to-Esche-
richia ratio was higher for bull calves compared to 
heifer calves (1.27 vs. 1.13; P < 0.01). Moreover, the 
ratio of Bifidobacterium-to-Escherichia was higher 
for bulls compared to heifers on day 14 of the study 
(1.24 vs. 1.17; P = 0.03). However, as the study did 
not primarily focus on sex differences, these find-
ings are not presented in detail and will only be 
briefly discussed in the later parts of the manuscript.

Discussion
Before discussing the result in more detail, it 

should be mentioned that faecal bacteria counts were 
used in the current study as an indicator of the effect 
of the investigated feed additives on intestinal bac-
teria. It should be noted that there can be differences 
between faecal bacteria counts and actual intestinal 
colonisation (Malmuthuge et  al., 2015). Neverthe-
less, the presence and counts of specific bacteria such 
as E. coli or C. perfringens in faeces can be used as 
markers of GIT colonisation by these undesirable 
bacteria, whereas the Lactobacillus-to-Escherichia 
ratio can serve as an indicator of intestinal micro-
biome dysbiosis (Kehoe et  al., 2008; Malmuthuge 
et al., 2015; Górka et al., 2021). Furthermore, it is im-
portant to mention once again that the current study 
utilised a relatively small sample size of 8 calves per 
treatment. Therefore, caution should be made when 
interpreting the results pertaining to the growth per-
formance of the calves. The findings presented in this 
work are part of a larger project (Górka et al., 2023) 
that investigated the impact of SB, PC, and EY sup-
plementation in MR on the growth performance of 
calves in a series of studies involving a larger number 
of animals. Consequently, when appropriate, refer-
ences to the companion paper will be made, and the 
growth performance of calves described and dis-

cussed briefly in order to provide better context for 
interpreting the results of faecal bacteria presented in 
the current study. 

Among the investigated feed additives, SB sup-
plementation in MR has a well-established positive 
impact on GIT development and function in calves 
(Górka et  al., 2011). Moreover, the dietary supple-
mentation of SB has shown positive effects on intes-
tinal microbiota in calves. For example, the coloni-
sation of Mogibacterium, which can adversely affect 
GIT health, was reduced in the colon of calves fed 
MR with SB (O’Hara et al., 2018). This effect was 
accompanied by a  tendency towards higher aver-
age daily gain (ADG) and feed efficiency of calves. 
Dietary SB supplementation was also shown to re-
duce GIT colonisation by E.  coli in piglets (Xiong 
et  al., 2016). However, it should be noted that not 
all studies have consistently observed the ben-
eficial effects of SB supplementation in calf MR.  
Wolfswinkel (2017) reported an increased incidence 
of diarrhoea in calves fed MR with SB. In the study 
of Wood et  al. (2019), SB supplementation in MR 
was associated with a higher risk of calf mortality, but 
it was supplemented with B. subtilis, as in the current 
study. Partly consistent with studies showing not only 
positive effects of SB supplementation in calf MR, 
in the current study SB supplementation resulted in 
higher E. coli counts in faeces and a lower Lactoba-
cillus-to-Escherichia ratio on day 14 of the study, in-
dicating a negative impact on the intestinal bacterial 
community. Furthermore, the growth performance of 
the calves was negatively affected, as described in 
detail in the companion paper (Górka et  al., 2023). 
Similar negative effects of SB supplementation have 
also been observed in broiler chickens, where it led to 
a  reduction in Lactobacillus counts in the intestinal 
chyme (Hu and Guo, 2007). These findings suggest 
that SB supplementation in combination with probi-
otic bacteria, as in the case of B. subtilis and E. fae-
cium in this study, may not always yield positive re-
sults. It is possible that the combination of SB with 
probiotic bacteria overstimulates the immune system, 
as suggested by Wood et al. (2019), leading to a nega-
tive impact on GIT function and calf performance. 

Numerous studies have demonstrated the posi-
tive impact of PC on growth performance and health 
issues prevention in calves (Froehlich et  al., 2017; 
Stefańska et al., 2021; Jahani-Azizabadi et al., 2022). 
When supplemented in feed, PC action is not limited 
to their antimicrobial effects, which are particularly 
desired in newborn calves that are susceptible to 
various infections. PC are also known to affect di-
gestive enzyme secretion and exhibit antioxidant and  
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anti-inflammatory properties (Froehlich et al., 2017; 
Upadhaya and Kim, 2017). Importantly, a combina-
tion of phytogenic feed additive with probiotic bac-
teria in MR was shown to have an synergistic im-
pact on the growth performance of calves (Stefańska 
et al., 2021). Among the investigated feed additives, 
the combination of probiotics and PC had the most 
positive influence on calf performance. It increased 
feed efficiency and decreased the likelihood of diar-
rhoea in calves, as described in detail in the compan-
ion paper (Górka et al., 2023). These benefits of PC 
supplementation in MR were accompanied by higher 
Lactobacillus spp. and Bifidobacterium spp. counts in 
faeces on day 14 of the study, and consequently high-
er Lactobacillus-to-Escherichia and Bifidobacterium-
to-Escherichia ratios. Thus, the positive effect of PC 
supplementation in the current study can be at least 
partly attributed to their impact on the development of 
gastrointestinal microbiota. In other studies, supple-
mentation with herbal extracts or essential oils also 
reduced the occurrence or intensity of diarrhoea in 
calves (Froehlich et al., 2017; Jahani-Azizabadi et al., 
2022). In addition, essential oil supplementation re-
duced the counts of E. coli in the rectum in piglets 
(Zeng et al., 2015). 

These findings collectively support the notion 
that PC supplementation in calf MR can yield 
positive outcomes, even when combined with 
probiotic bacteria and when calves are fed colostrum 
and transition milk for an extended period of time. 
Further studies are needed to fully understand the 
mechanisms behind these positive effects and to 
elucidate the specific pathways through which PC 
supplementation influences the gut microbiota and 
promotes calf health.

Supplementing EY in MR exerted a  similar 
effect on faecal bacteria on day  14 of the study as 
with PC supplementation. Both Lactobacillus spp. 
and Bifidobacterium spp. counts in faeces were 
increased; however, simultaneously E.  coli counts 
were increased. Moreover, the ADG of calves was 
reduced in the first 20  days of the study when EY 
were supplemented in MR (see companion paper of 
Górka et al. (2023)), which is difficult to explain. EY 
supplementation in MR aims to bind and ‘neutralise’ 
pathogens that enter GIT and can adversely affect 
its function (Diraviyam et  al., 2014). However, 
based on a  meta-analysis of available studies, 
EY supplementation did not consistently reduce  
GIT-related diseases in newborn animals, as some 
studies reported no effect of EY addition in feeds 
(Diraviyam et al., 2014). Considering that the calves 
in the current study were fed colostrum and transition 

milk for the first 9 days of life, which indisputably 
affected the development of the intestinal bacteria 
community (Fischer et  al., 2018), it is possible 
that the supplementation of EY had both positive 
(increased Lactobacillus spp. and Bifidobacterium 
spp. counts in faeces) and negative effects on this 
community shortly after calves were transitioned 
to MR feeding. However, it should be noted that in 
piglets, EY supplementation directly after weaning 
was shown to prevent GIT colonisation by E.  coli 
(Marquardt et al., 1999). Similarly, in calves, dietary 
EY supplementation was consistently demonstrated to 
prevent diarrhoea of various aetiology (Özpinar et al., 
1996; Ikemori et al., 1997). Alternatively, a negative 
interaction between probiotic bacteria present in 
the experimental MR and EY can be considered. 
However, a study by Von Erhard et al. (2000) reported 
a  synergistic impact on the growth parameters of 
calves when a combination of probiotic bacteria 
and EY was added to MR. On the other hand, EY 
supplementation increased Lactobacillus spp. counts 
and decreased C.  perfringens counts in faeces on 
day 28 of the current study, which was accompanied 
by an increase in ADG of calves (Górka et al., 2023). 
Therefore, when considering prophylactic measures 
for the entire rearing period, the incorporation of EY 
into MR may be beneficial, also for calves initially 
fed colostrum and transition milk during the first 
several days of life.

At least several studies have shown differences in 
ADG and feed intake between bull and heifer calves 
(Greenwood et  al., 1997; Hohmann et  al., 2021). 
These differences can be attributed to physiological 
differences between males and females. The results 
of the current study show that faecal bacteria counts 
may differ between bull and heifer calves, with higher 
counts of Lactobacillus spp. and Bifidobacterium spp. 
expected in bull calves. This may partially explain the 
reported differences between bull and heifer calves in 
terms of the probability of GIT-related diseases (Al 
Mawly et al., 2015). Future studies focusing on the 
specific differences in the development of intestinal 
bacteria between bull and heifer calves would 
contribute to a  better understanding of their unique 
nutritional requirements and help optimizing feed 
additive usage in calf MR.

Conclusions
Of the investigated feed additives, PC sup-

plementation had the most positive impact on fae-
cal bacteria composition in calves fed MR con-
taining probiotic bacteria, as well as colostrum 
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and transition milk in the first 9  days of life.  
This was indicated by increased counts of Lacto-
bacillus spp. and Bifidobacterium spp. and higher 
ratios of Lactobacillus-to-Escherichia and Bifido-
bacterium-to-Escherichia in faeces. In contrast,  
SB supplementation showed less favourable ef-
fects on faecal bacteria counts. It tended to increase 
E. coli counts in faeces and lower the Lactobacil-
lus-to-Escherichia ratio, which indicated a  rather 
negative impact on the investigated faecal bacteria 
composition in calves. EY supplementation was 
found to reduce C.  perfringens counts in faeces, 
suggesting potential benefits of this supplement.
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