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Simple Summary: Antimicrobial resistance is recognised as one of the most important animal and
public health challenges of our time, and we all have a responsibility to successfully tackle it. With
the number of effective antibacterial compounds decreasing at an alarming rate, alternative methods
to fight bacteria that cause infections are needed. Many natural compounds produced by plants
have been shown to have in vitro antimicrobial properties. In our study, we tested feed supplements
containing various plant-derived active substances that can reduce the emergence and spread of
Salmonella infection, thereby reducing both economic and health risks. During the experiment, we
monitored the tested animals’ Salmonella shedding, the manifestation of clinical signs following
infection, the consumption of feed, body weight gain, and pathological and pathovegetative changes.
A statistical analysis of the obtained data revealed that fenugreek extract is the most promising
feed supplement in terms of both the natural indicators and the pathobiological parameters that
determine them. It would be worth considering combining fenugreek extract with turmeric extract,
conducting further in vivo studies to explore possible interactions between the two, and performing
a dose-response study to determine the optimal dosage.

Abstract: Restrictions on the use of antimicrobial compounds have led to a surge of interest in
alternative solutions, such as natural, plant-based compounds. In our study, we investigated the
efficacy of three feed supplements containing different additives, namely, probiotics (Lactobacillus spp.,
“Test substance A”), turmeric (Curcuma longa L., “Test substance B”), and fenugreek (Trigonella foenum
graecum, “Test substance C”). In the experiment, we tested 180 birds of the Bábolna Tetra-SL laying
hybrid breed that were infected with Salmonella enteritidis strains. The birds were randomly divided
into six groups: three groups treated with the different additives, a negative control group, a positive
control group, and an antibiotic-treated group using enrofloxacin. We examined the maturation and
the time course of shedding of Salmonella; at the end of rearing, pathological and histopathological
examinations were performed. When Salmonella was isolated from the cloacal swab samples, the
enrofloxacin-treated group had a high number of animals shedding Salmonella by day 9, which
was like the group treated with test material C. The greatest reduction in Salmonella shedding was
observed in the groups treated with test materials A and B. In terms of pathological parameters, villus
length and crypt depth were significantly better in the group treated with test material C compared
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to the positive and negative controls, and when comparing the body weight of the tested animals, the
group treated with test material B had a significantly larger absorption surface area compared to the
positive control group. Overall, the supplement with test material C proved to be the most effective.
In the future, it is worthwhile to investigate the combination of the tested active substances for their
possible synergistic effects and to perform a dose-response study to select the optimal dosage.

Keywords: Salmonella enteritidis; antibiotic alternatives; laying hens; Trigonella foenum graecum;
Triticum aestivum; Curcuma longa L.; probiotics

1. Introduction

Excessive and unregulated use of antibiotics in recent decades and societal and eco-
nomic trends have significantly accelerated the selection and spread of resistant bacteria,
resulting in a significant increase in the number of related deaths [1]. Currently, around
700,000 deaths per year are linked to antimicrobial resistance (AMR), which, according to
the most conservative estimates, could reach 10 million per year by 2050 if we continue to
use antibiotics at similar rates and fail to keep pace with the development of new therapies
and active substances [2].

In Europe, penicillin and tetracycline are the most widely used active substances for
veterinary purposes. In some countries, the use of these two groups can be up to 30 times
higher than that of other groups of active substances [3]. In terms of average antibiotic
use per livestock sector, the pig sector is the leader (172 mg/p.u.), followed by the poultry
sector (148 mg/p.u.) and the cattle sector (45 mg/p.u.) [4].

The genus Salmonella, belonging to the family Enterobacteriaceae, is composed of
rod-shaped, Gram-negative, facultative anaerobic bacteria [5]. The Salmonella serotypes
that cause human disease are classified into a group that causes human-only bacterioses
(S. Typhi and S. Paratyphi) and a group of thousands of different serotypes that cause
non-typhoidal diseases [6]. Human salmonellosis is a complex, potentially fatal zoonotic
disease that includes all Salmonella serotypes. Poultry farming is a major source of these
infections, accounting for almost 50% of cases of salmonellosis in the European Union in
the 2000s and in Asian countries in the 2010s [7].

Escherichia coli prefers aquatic environments and belongs both to the animal and to
the human microbiome [8]. Although most strains of Escherichia coli are very common
and commensal, some strains can cause serious infections ranging from gastroenteritis to
extraintestinal inflammation [9]. Colibacillosis can be found worldwide, causing significant
economic damage and increasing the amount of antibiotics used in poultry farming [10].
Avian pathogenic Escherichia coli (APEC), which can cause serious losses in the poultry
industry, can affect many organ systems, e.g., the respiratory, digestive, reproductive, or
locomotor systems, or may occur locally, as in the case of yolk sac infections and omphalitis,
and in many cases secondary infections also occur, further aggravating the disease [11].

Several types of food have been associated with cases and outbreaks of salmonellosis,
but in the European Union, 45.6% of reported cases in 2018 were associated with eggs or
food containing eggs [12]. The prevalence of S. enteritidis in laying hens producing eggs for
consumption is directly related to the prevalence of human infection, and the pathogenic
strains are often genetically identical [13].

Resistance to chloramphenicol was described among Salmonella strains in Mexico as
early as 1972, causing more than 10,000 cases [14]. Subsequently, in the 1980s, strains
also emerged that became resistant to three commonly used antibiotics (ampicillin, chlo-
ramphenicol, and sulfamethoxazole/trimethoprim) in the treatment of salmonellosis [15].
Newer strains resistant to ciprofloxacin, nalidixic acid, azithromycin, and cephalosporins
have also emerged [16]. The management of infections caused by multiresistant strains is
becoming an increasing challenge for humankind, and this has prompted researchers to
search for alternative solutions [17].
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For centuries, humans have been using various products of plant origin for healing.
It is estimated that there are around half a million plant species on the planet, of which
only 1% have been studied for their bioactive compounds (phytochemicals) [18]. Plants
are capable of synthesising aromatic compounds, most of which are phenols or their
oxygen-substituted derivatives. To date, more than 12,000 different compounds have been
isolated from plants, but it is estimated that this is less than 10% of the total amount of
compounds found in plants [19], which represents a huge potential for the discovery of
new bioactive agents [20]. In particular, flavonoids have been shown [21] to be effective
against a wide spectrum of microorganisms [22,23], mainly due to their complexing and
membrane-damaging properties [24,25].

In recent years, the use of herbal products to enhance yield in poultry production has
increased dramatically. Among such herb products, thyme, oregano, rosemary, marjoram,
yarrow, garlic, ginger, green tea, black cumin, coriander, cinnamon, and their mixtures have
been shown to be useful for yield enhancement [26], while beneficial effects have also been
reported for probiotics [27].

Probiotics can protect the intestinal epithelium from pathogenic bacterial colonisation
by reducing the adhesion and invasion capabilities of pathogens, making them suitable
for preventing enteric diseases such as salmonellosis [28]. There are several different
mechanisms involved in preventing pathogenic colonisation, such as competing for the
same receptor sites, limiting nutrients, or producing antimicrobial metabolites [29]. Several
different bacterial strains have been shown to be effective in reducing the incidence of
Salmonella infection and improving the gut health of chickens [30–32].

Natural bioactive substances are capable of modulating gut microbiota in a symbi-
otic equilibrium, thereby enabling the intestinal tract to withstand both infectious and
non-infectious stressors [33], improving productive performance, bone mineralisation, and
intestinal integrity [34]; and helping to reduce the incidence of Salmonella spp. from com-
mercial turkey operations [35,36]. Therefore, the aim of the present study is to determine
the efficiency of different plant-based feed additives in reducing the risk of Salmonella
infection, thereby reducing its economic damage and its role as a human health risk.

2. Materials and Methods
2.1. Animals, Diets, and Experimental Design

The animal experiments were conducted in strict accordance with the guidelines of
Hungarian Government Decree No. 40/2013 (II. 14.) and were approved by the ethical
committee of the Veterinary University of Budapest (Licence No. PE/EA/01448-6/2022),
and the severity of the animal experiment was categorised as mild.

A total of 180 Bábolna Tetra SL laying hybrid day-old chicks were involved in the
experiment, which received NOBILIS® RISMAVAC + CA126 (Marek’s disease), Nobilis ND
C2 (fowl influenza), and Poulvac IB Primer vaccine (infectious bronchitis) in the hatchery.
Upon arrival, animals were randomly allocated into 18 groups with a sex ratio of 1:1. A
total of 10 animals were placed in each cage. Experiments were conducted in the animal
house of the Veterinary University of Budapest. During the experiment, all temperature
and lighting regimens were kept according to the husbandry technology and to the breeds
specifications. The animals were housed in conventional cages (90 cm × 112 cm × 55 cm).
Each repetition was housed in a separate cage to avoid direct physical contact and minimise
cross-contamination. Each pen was equipped with a stainless-steel feeder and a nipple
drinker with ad libitum access to feed and water through the experiment. The animals
received fresh drinking water daily. The animals were fed pre-starter lay hybrid feed in
weeks 1–3 and starter egg hybrid feed in weeks 4–6. The composition of the feed as well as
the nutritional parameters of the feed were detailed in Supplementary Tables S1 and S2.

The effects of six treatments were compared in the experiment, with each diet fed to three
replicates using a double-blind test. Experimental groups received different diets: negative
control—basal diet; positive control—basal diet with challenge; Enrofloxacin—basal diet with
antibiotic treatment in water (Baytril 100 mg/mL, 10 mg/kg bw as described in the instructions
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of use); Group A—basal diet supplemented with 1 kg/T prototype feed additive containing
probiotics (Lactobacillus and Bifidobacterium); corncob; and wheat bran; Group B—basal diet
supplemented with 1 kg/T prototype feed additive containing turmeric extract; wheat germ;
and chicory root; and Group C—basal diet supplemented with 1 kg/T prototype feed additive
containing fenugreek extract; copper chelate; and chicory root (Supplementary Table S3). All
groups, except for the negative control group, received a mixed infection with Salmonella
enteritidis and Escherichia coli by oral gavage on day 3 of age.

2.2. Mode of Infection and Monitoring of Animals

Mixed infection using Salmonella enteritidis and Escherichia coli strains isolated from
clinical cases, grown on tryptone-soy agar (TSA; Biolab Zrt., Budapest, Hungary). For this
purpose, 18–20 colonies (grown at 37 ◦C on TSA plates for 18 h) from Salmonella enteritidis
and Escherichia coli were inoculated into 150–150 mL of tryptone soy broth separately (TSB;
Biolab Zrt., Budapest, Hungary) on the day of infection and were incubated at 37 ◦C for
4 h to reach the desired colony forming unit (CFU) (108/mL), similarly to the work by
Wu et al. 2020 [37]. Preliminary in vitro studies determined that a 4 h incubation time was
sufficient to reach 108 CFU/mL in TSB at 37 ◦C. In the mixed infection, these microorgan-
isms were able to infect animals and also produce some minor to moderate clinical signs
(anorexia, diarrhoea, and apathy). For the determination of the exact microbial count, a
ten-fold dilution series was prepared. From each dilution, 50 µL was pipetted to TSA plates
in triplicate and incubated at 37 ◦C for 24 h, and the CFU of the fermentation broth was
determined using a colony counting technique by averaging the three parallels. Mixed in-
fection was performed on the animals numbered 1 to 150 (every animal except the negative
control group) using a biopsy probe with 1 mL of Salmonella enteritidis (6 × 108 CFU) and
an additional 1 mL of Escherichia coli (2.2 × 108 CFU). A mixed infection with Escherichia
coli was necessary to provide the optimal circumstances for these pathogens, specifically to
ensure the successful colonisation of Salmonella bacteria. However, when evaluating the
results, it should be taken into account that the Escherichia coli infection was also involved
in the development of clinical symptoms.

The tested animals were monitored daily for clinical signs of infection (change in faecal
consistency, bloody faeces, cloacal area, uric acid build-up, limping, flapping, cowering,
and leg ends), and if there was mortality, we measured the weight of the dead animals and
carried out further investigations by means of necropsy.

2.3. Data Collection

Cloacal swab samples were collected at different time points from each animal, first
on the day of infection and then on days 3, 5, 9, 16, 23, 30, and 37 post infection. The swab
samples were suspended in Rappaport Vassiliadis (Biolab Zrt., Budapest, Hungary) broth
(3 mL/tube) and incubated for 24 h in a 41 ◦C thermostat. Subsequently, 50 µL/sample
were spiked onto Rambach agar (Chebio Ltd., Budapest, Hungary) and incubated for
another 24 h at 41 ◦C, with the temperature controlled using a thermostat. Finally, the
growth of Salmonella was judged as positive or negative. In cases where the Salmonella
identification was ambiguous (i.e., the colour of the colony on the Rambach agar was not
clearly red), samples were further inoculated on XLD agar (Biolab Zrt., Budapest, Hungary)
and Salmonella-selective agar (Biolab Zrt., Budapest, Hungary). The shedding of Escherichia
coli was not measured.

Body weight was measured weekly for 6 weeks for each individual animal. Daily feed
consumption was measured per group via back-measuring. At the different measurement
times, the difference between the feed given and the feed left over was measured, giving us
the exact amount of feed consumed, and then we divided by the number of chickens in the
cage for each group. Finally, the feed conversion ratio of the different groups was calculated
by dividing the daily feed consumption by the daily weight gain to obtain a proper picture
of the possible effects of the additives on the digestive tract and feed utilization.
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2.4. Pathology and Pathological Histology

At the end of the experiment, when the tested animals were 42 days old, they were eu-
thanised (Euthasol 40% injection A.U.V., 100–200 mg/kg body weight dose intravenously).
Pathological examination was performed on each animal according to the rules for diagnos-
tic dissection of birds (external examination and internal examination per organ system).
Histopathological examinations were performed on two animals per group using the ileal
intestinal tract, with three parallel measurements performed for each sample. Crypt depth,
villus thickness, and villus diameter were measured, and the ratio of crypt depth to villus
length was calculated. Finally, the size of the absorption surface was determined. To
calculate the absorption area, the formula (2π) × (VW/2) × (VH) = π × VW × VH was
used, where π = 3.14, VW = villus diameter, and VH = villus length [38].

2.5. Statistical Method

The effects of each treatment on weight gain and feed consumption were examined
at each time point and compared to the positive and negative control groups, taking into
account the effects of diet. We examined the villus length, crypt depth, villus diameter, ratio
of villus length to crypt depth, and the size of the absorptive surface of the ileum of each
group. The results were statistically analysed using the R programme version 4.3.0 [39],
using one-way ANOVA [40] to determine the ratio of feed consumption to feed conversion
and a linear model [41] for the other parameters.

3. Results
3.1. Preparation of the Challenge Bacteria

After 4 h of incubation of the Salmonella enteritidis and Escherichia coli strains that
would be used for infection, the CFU count was calculated by preparing a 10-fold dilution
series. It was found that the microbial count inoculated with the bacteriological probe was
6 × 108 CFU for Salmonella enteritidis and 2.2 × 108 CFU for Escherichia coli.

3.2. Mortality

During the experiment, a total of 16 animals out of the 180 animals died following the
infection challenge. The distribution of mortality was as follows: two animals from the
group treated with test material A, six animals from the group treated with test material B,
five animals from the group treated with test material C, one animal from the antibiotic-
treated group, one animal from the positive control group, and one animal from the negative
control group. The chin drops observed in some groups were indicative of a residual
rockworm incubation weakness that is often diagnosed in chickens. In the negative control
group, no pathological abnormalities other than scours were observed. In the infection-
challenged groups, similar levels of lesions (typhlitis, pneumonia, splenomegaly, rhinitis,
fibrinous pericarditis, and tubular renal lesions) were observed, indicating successful
infection and colonisation by Salmonella and Escherichia coli.

3.3. Salmonella Shedding

The results of Salmonella isolation from the cloacal swab samples of each treatment
group are shown in Figure 1. The negative control group remained negative throughout
this study. The positive control group had the highest levels of Salmonella shedding. In
comparison, the enrofloxacin antibiotic-treated group had high levels of Salmonella shedding
up to day 9 post-infection, and this was similar for the group treated with test material
C. Treatments with test material A and test material B extracts were the most effective in
reducing the rate of Salmonella shedding. Significant differences in the number of animals
shedding Salmonella were observed on day 3 between the groups treated with test material
C and test material B (p = 0.0404) and between the positive control group and the group
treated with test material B (p = 0.0404); on day 5, significant differences were observed
between these same groups, with equal p-values. On day 9, significant differences were
observed between the groups treated with test material C and test material B (p = 0.0225),
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and on day 37, between the positive control group and the group treated with test material
C (p = 0.0419).
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Figure 1. Cloacal swab samples were taken at different time points after infection. Salmonella enteritidis
enrichment was performed and then isolated on selective agar. The figure shows the number of
chickens that excreted positive Salmonella and is grouped by treatment. Individual columns are
linked, with asterisks above them indicating significant differences. Enrofloxacin treatment alone is
not able to significantly reduce or eradicate Salmonella shedding. Test material B (p = 0.0404) on day 3
and test material C (p = 0.0419) on day 37 are the most promising, significantly reducing shedding
when compared to the positive control group. * p = 0.01.

3.4. Body Weight

The average of individual weights in each group for each day of measurement is
shown in Figure 2. The groups showed no significant difference in weight gain compared
to either the positive or negative control groups (p > 0.05). Significant differences were
observed only on day 7 of life (Supplementary Figure S1 and Table S4). Compared to the
positive control group, there was significantly less weight gain in the groups treated with
test material B (p = 0.0224) and enrofloxacin (p = 0.0223); when compared to weight gain in
the negative control group, there was an increase in weight gain in the groups treated with
test material B (p = 0.0275) and enrofloxacin (p = 0.0276).

3.5. Trends in Feed Consumption and Feed Conversion Ratio

The feed consumption on day 10 was higher in the group treated with enrofloxacin
than in the group treated with test material B (p = 0.0422) and higher in the group treated
with test material B than in the negative control group (p = 0.0335); on day 13, it was higher
in the group treated with test material B than in the positive control group (p = 0.0360)
and the negative control group (p = 0.0335); on day 17, it was higher in the group treated
with test material B than in the positive control group (p = 0.0360). On day 36, significant
differences were found between the group treated with enrofloxacin and the group treated
with test material B (p = 0.0349), between the groups treated with test materials C and B
(p = 0.0019), between the group treated with test material B and the negative control group
(p = 0.044), and between the group treated with test material B and the positive control
group (p = 0.0023). On day 38, the groups treated with test materials C and B also differed
significantly (p = 0.0083) based on one-way analysis of variance.

The individual feed consumption on day 22 differed significantly between the group
treated with test material C and the negative control group (p = 0.0289). On day 27,
there were significant differences between the groups treated with test materials C and B
(p = 0.0353) and between the group treated with test material B and the negative control
group (p = 0.0095). On day 29, the groups treated with test materials C and B differed
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significantly (p = 0.0353). On day 29, one-way analysis of variance showed a significant
difference between the group treated with test material B and the negative control group
(p = 0.0347) and between the groups treated with test materials A and C (p = 0.0116) on
day 36.
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Figure 2. Body weight gain per treatment on each measurement day. Individual columns are linked,
with asterisks above them indicating significant differences. For body weight, we found significant
differences between the positive control group and the group treated with test material B (p = 0.0224)
and between the positive control group and the group treated with enrofloxacin (p = 0.0276) only
immediately after infection. * p = 0.01.

We calculated the species ratio as the ratio of the individual feed consumption rate
to the weight gain rate. Figure 3 shows the feed utilisation measured each week, taking
into account daily feed consumption and weight gain. In terms of specific weight, the
results for week 1 were as follows: significant differences were observed between the
groups treated with test materials C and B (p = 0.0077), between the group treated with
test material B and the negative control group (p = 0.0017), between the group treated
with the test material B and the positive control group (p = 0.0013), between the groups
treated with test materials A and B (p = 0.0040), between the groups treated with test
material C and enrofloxacin (p = 0.0134), between the group treated with enrofloxacin and
the negative control group (p = 0.0030), between the group treated with enrofloxacin and
the positive control group (p = 0.0022), and between the groups treated with test material A
and enrofloxacin (p = 0.0072). In week 5, one-way analysis of variance with a one-tailed test
(p = 0.0305) showed significant differences between the groups treated with test materials C
and B (p = 0.0305) and between the groups treated with test materials A and C (p = 0.0455).

3.6. Pathological Histology

The villus length, crypt depth, villus diameter, and ratios of villus length to crypt
depth measured at the jejunum intestinal section during the pathological examinations are
presented in Figure 4; the results are presented by treatment group.

In the statistical analysis (using a linear model) of pathogenetic parameters, signifi-
cantly longer villus length (Supplementary Table S5) was measured in the group treated
with test material C (p = 0.0037) compared to the positive control group (p = 0.0037), and
the same was observed in the negative control group (p = 0.0202). When comparing the
groups that received treatments to the negative control group, a significantly shorter villus
length was observed for the group treated with test material B (p = 0.0372).
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the groups treated with the test materials and the positive and negative control groups marked. Other
statistically significant differences are listed in the text and are omitted from the figure for simplicity.
For feed conversion, we observed a significant negative difference between the positive control group
and the group treated with test material B (p = 0.0013) and between the negative control group and
the group treated with test material B (p = 0.0017) during the first week after infection. ** p = 0.001.
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Figure 4. Average of each treatment group as a function of the measured pathogenetic parameters:
villus length, crypt depth, villus width, and the calculated ratio of villus length to crypt depth.
When the linear modelling statistical method was used to examine the pathological parameters in
comparison to the positive control group, significant differences were observed in the group treated
with test material C (p = 0.0037) for villus length and in the group treated with test material C
(p = 0.0046) for crypt depth. ** p = 0.001; * p = 0.01.
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In terms of crypt depth (Supplementary Table S6), compared to the positive control,
the group treated with test material C (p = 0.0046) had significantly shallower crypts. When
comparing the groups that received treatments to the negative control group, a significantly
higher value for crypt depth was also observed for the group treated with test material C
(p = 0.0039).

However, the ratios of villus length to crypt depth showed no significant difference
(p > 0.05) compared to the positive control group for any of the treated groups for both
sexes, but were significantly lower (p = 0.0310) for the group treated with test material B
compared to the negative control group (Supplementary Table S7).

In terms of villus width, the villus width was significantly (p = 0.0276) narrower in
the test material A-treated group compared to the positive control group. There were no
differences between the groups that received treatments compared to the negative control
group.

No significant differences were observed in terms of the absorption surface area
calculated from the measured parameters for any of the treated groups when compared to
the positive control group and the negative control group.

When the correlations between body weight and treatment-related absorption sur-
face area were examined (Figure 5), the test material B-treated group (p < 0.0001), the
enrofloxacin-treated group (p = 0.0400), and the test material C-treated group (p = 0.0015)
had significantly better final body weight compared to the positive control group. Com-
pared to the negative control group, a significantly better final weight was observed in the
group treated with test material B (p = 0.0078).
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Compared to the negative control group, a significantly better final weight was observed in the group
treated with test material B (p = 0.0078).

In terms of histopathological images, the group fed with test material A (Figure 6)
had, on average, the longest villus, the shallowest crypt depth, the narrowest villus, and
the best ratio of villus length to crypt depth among the three treatment groups. The group
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fed with test material B (Figure 7) had, on average, the deepest crypts. The group fed with
test material C (Figure 8) had, on average, the shortest villus but also the widest villus and
thus the largest absorption surface area. When averaged across the positive control group
(Figure 9), the longer villus and deeper crypts indicate significant regeneration processes
following an infection. Regarding the mean of the negative control group (Figure 10), we
observed the most favourable villus-length-to-crypt-depth ratio.
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compared to the positive control group (p = 0.0046).
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Figure 9. Ileal morphology measurements of chicken number 75 from the positive control group (H&E,
150×). The longer villus and deeper crypts indicate significant regeneration processes following an
infection, compared to the groups that received treatments.
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Figure 10. Ileal morphology measurements of chicken number 179 from the negative control group
(H&E, 90×). For the negative control group, both the length of the villus and the depth of the crypt
are ideal, with a ratio of 1:7, which is the most common healthy ratio described in the literature.

4. Discussion

In this study, a challenge model was established with Salmonella enterica and Escherichia
coli strains. Manifestations of clinical signs were mainly seen in terms of changes in faecal
consistency, with bloody faeces observed in several cases. In most cases, the cause of
death following an infection was due to incubation weakness resulting from residual
scours. In all groups except the negative control group, pathological lesions at death
were presumably attributable to infection. A statistical limitation of our study is the
epidemiological independence of each bird group.

The number of positive Salmonella samples re-isolated from the tested animals de-
creased progressively over time. Of the treated groups, the groups treated with probiotics
and turmeric extract showed the greatest reduction in the number of animals shedding
Salmonella. In the enrofloxacin-treated group, the number of animals shedding Salmonella
was high up to the 9th day post-infection, probably due to the fact that most of the bacteria
became resistant to enrofloxacin, although it was found susceptible on preliminary exami-
nation. As a consequence, this antibiotic was only effective against a certain percentage of
bacteria, whereas in the turmeric-treated group, a beneficial reduction was seen from the
beginning as the turmeric additive was able to kill bacteria resistant to enrofloxacin. Var-
muzova et al. fed broiler chickens with a feed supplement containing turmeric and found
that detectable Salmonella levels were significantly reduced only by day 14 after treatment
when compared to the controls [42], with a significant reduction in shedding after a similar
time interval. Probiotics have been shown to reduce Salmonella colonisation in chickens in
several cases, including in a study conducted by Pascu et al. on Lactobacillus salivarius [43].
Also, Luoma et al. found that feeding Lactobacillus reuteri significantly reduced the duration
of Salmonella shedding [44], and Fernandez et al. reported that mannose oligosaccharide
fed as a prebiotic contributed to increased colonisation of Bifidobacterium and Lactobacillus
strains in the caecum, thereby significantly reducing Salmonella [45]. Tabashsum et al.
showed a significant reduction in Salmonella shedding in Lactobacillus casei-treated groups
compared to controls [46]. Several other plant extracts have been shown to have effective
Salmonella-reducing effects. Robinson et al. described a reduction in Salmonella of up to
two log CFU (99%) when Salmonella-infected chicken meat was dipped in garlic and ginger
oil [47]. Nair et al. demonstrated a pronounced bactericidal effect against Salmonella spp.
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using extracts of Anatolian bocort and Indian cumin at a concentration of 12.5 mg/mL [48].
Al-Garadi et al. demonstrated a potent anti-Salmonella effect using a plant extract of iscagale
lettuce [49], and El-Desoukey et al. demonstrated a potent anti-Salmonella effect using an
extract of crow liver [50]. Kollanoor-Johny et al. showed that 0.01% cinnamaldehyde and
0.04% eugenol were effective in reducing Salmonella invasion in the caecum [51]. Kollanoor
Johny et al. described the ability of trans-cinnamaldehyde to effectively reduce Salmonella
in the caecum [52]. Gurram et al. showed a significant reduction in Salmonella in the ileum
when fed a mixture of probiotics, chicory, and coriander [53]. Zou et al. found a significant
reduction in Salmonella in the ileum when broiler chickens were fed a mixture of turmeric,
hops, and grape seed extract [54]. Leyva-Diaz et al. found that copper acetate, curcumin,
and their combination were effective in reducing Salmonella typhimurium colonisation [55].
In our studies, the turmeric additive showed the greatest reduction in Salmonella shedding
by day 23 post-infection.

The effect of the feed additives on weight gain in the presence of Salmonella and
Escherichia coli infections was significantly different in the turmeric- and enrofloxacin-
treated groups than in the control groups only on day 7 after an infection, when sex effects
were taken into account. Liu et al. showed significantly better weight gain in broiler
chickens fed chicory [56], and Khoobani et al. showed that both groups of broiler chickens
fed probiotics and different concentrations of chicory extract had significantly better weight
gain compared to the control group. Varmuzova et al. found the same results with the
feeding of a feed supplement containing turmeric [42]. Yang et al. showed that fenugreek
extract fed to broiler chickens from the third day of life improved daily weight gain [57].
Gurram et al. fed feed supplements containing probiotics, chicory, and coriander, or
combinations of these, and found significantly better weight gain in all treatment groups
compared to the control group [53]. Zou et al. fed a mixture of turmeric, hops, and grape
seed extract to broiler chickens at certain life stages and found significantly better weight
gain compared to controls [54]. Our previous studies with So-Ran turmeric also showed
significantly better weight gain compared to controls [58]. Kósa et al. also showed the
immunomodulatory effect of fermented wheat germ, proven to reduce economic losses [59],
but a positive effect on the immune status of pigs has also been described [60].

Significant differences in individual feed consumption were observed between the
fenugreek-treated group and the negative control group on day 22 (p = 0.0289) and between
the turmeric-treated group and the negative control group on day 27 (p = 0.0095) and
day 29 (p = 0.0347). Significant differences in weight gain were observed only at 1 week
of age as measured immediately post-infection between the turmeric-treated and positive
control groups (p = 0.0276) and between the enrofloxacin-treated and positive control
groups (p = 0.0030). Liu et al. observed similar results in broiler chickens fed chicory [56],
and Khoobani et al. and Khoohani et al. showed a significant improvement in the species
composition of broiler chickens fed probiotics and different concentrations of chicory extract
compared to the control group [61]. However, Gurram et al. found no significant difference
in feed intake but a significant improvement in species composition when chickens were
fed feed supplements containing probiotics, chicory, and coriander [53].

At post-rearing necropsy, reactive lymph node inflammation was observed in the
caecum of all groups, but it was less frequent in the probiotic-, turmeric-, and fenugreek-
treated groups compared to the control groups, which could be caused by both Salmonella
and Escherichia coli infection.

In terms of pathological parameters, both villus length and crypt depth were signifi-
cantly better in the fenugreek-treated group compared to both the positive and negative
controls, which, although not significant in terms of absorption surface area alone, did not
show significant differences between them. However, when the body weight of the ani-
mals tested was taken into account, the fenugreek-treated group and the turmeric-treated
group had significantly higher absorption surface areas compared to the positive control
group. Yang et al. fed fenugreek seed extract to chickens from the third day of life onwards
and found that it increased villus length and the ratio of villus length to crypt depth [57].
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Gurram et al. found significantly higher villus length and crypt depth and their ratio in
the ileum for all combinations of feed supplements containing probiotics, chicory, and
coriander [53]. Another study similarly reported an increase in ileal villus length and crypt
depth when probiotics and inulin were combined [62], and in our previous studies, we
observed an increase in crypt depth when propolis was fed compared to control groups [63].

5. Conclusions

In conclusion, our results showed that the most promising feed supplement, in terms
of both natural indicators and tissue parameters, was fenugreek extract. Turmeric extract
may also be a worthwhile candidate, and their use in combination should be considered.
Further in vivo studies are needed to explore the possible synergistic effect between these
two types of extracts when used together. We also plan to conduct a dose-response study
to determine the optimal dosage.
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11. Wilczyński, J.; Stępień-Pyśniak, D.; Wystalska, D.; Wernicki, A. Molecular and serological characteristics of avian pathogenic

Escherichia coli isolated from various clinical cases of poultry colibacillosis in Poland. Animals 2022, 12, 1090. [CrossRef] [PubMed]
12. Cardoso, M.J.; Nicolau, A.I.; Borda, D.; Nielsen, L.; Maia, R.L.; Møretrø, T.; Ferreira, V.; Knøchel, S.; Langsrud, S.; Teixeira, P.

Salmonella in eggs: From shopping to consumption—A review providing an evidence-based analysis of risk factors. Compr. Rev.
Food Sci. Food Saf. 2021, 20, 2716–2741. [CrossRef]

13. Gast, R.K.; Jones, D.R.; Guraya, R.; Anderson, K.E.; Karcher, D.M. Research note: Contamination of eggs by Salmonella enteritidis
and Salmonella typhimurium in experimentally infected laying hens in indoor cage-free housing. Poult. Sci. 2021, 100, 101438.
[CrossRef]

14. Olarte, J.; Galindo, E. Salmonella typhi resistant to chloramphenicol, ampicillin, and other antimicrobial agents: Strains isolated
during an extensive typhoid fever epidemic in Mexico. Antimicrob. Agents Chemother. 1973, 4, 597–601. [CrossRef]

15. Wain, J.; Hendriksen, R.S.; Mikoleit, M.L.; Keddy, K.H.; Ochiai, R.L. Typhoid fever. Lancet 2015, 385, 1136–1145. [CrossRef]
[PubMed]

16. Crump, J.A.; Sjölund-Karlsson, M.; Gordon, M.A.; Parry, C.M. Epidemiology, clinical presentation, laboratory diagnosis,
antimicrobial resistance, and antimicrobial management of invasive Salmonella infections. Clin. Microbiol. Rev. 2015, 28, 901–937.
[CrossRef] [PubMed]

17. Khan, M.A.S.; Rahman, S.R. Use of phages to treat antimicrobial-resistant Salmonella infections in poultry. Vet. Sci. 2022, 9, 438.
[CrossRef]

18. Palombo, E.A. Phytochemicals from traditional medicinal plants used in the treatment of diarrhoea: Modes of action and effects
on intestinal function. Phytother. Res. 2006, 20, 717–724. [CrossRef]

19. Schultes, R.E. The Kingdom of plants. In Medicines from the Earth; Thomson, W.A.R., Ed.; McGraw-Hill Book Co.: New York, NY,
USA, 1978; 208p.

20. Phanchana, M.; Harnvoravongchai, P.; Wongkuna, S.; Phetruen, T.; Phothichaisri, W.; Panturat, S.; Pipatthana, M.; Charoensut-
thivarakul, S.; Chankhamhaengdecha, S.; Janvilisri, T. Frontiers in antibiotic alternatives for Clostridioides difficile infection. World
J. Gastroenterol. 2021, 27, 7210. [CrossRef]

21. Kovács, L.; Nagy, D.; Könyves, L.; Jerzsele, Á.; Kerek, Á. Antimicrobial properties of essential oils—Animal health aspects. Magy.
Állatorvosok Lapja 2023, 145, 497–510. [CrossRef]

22. Kerek, Á.; Csanády, P.; Jerzsele, Á. Antibacterial efficiency of propolis—Part 1. Magy. Állatorvosok Lapja 2022, 144, 285–298.
23. Kerek, Á.; Csanády, P.; Jerzsele, Á. Antiprotozoal and antifungal efficiency of propolis—Part 2. Magy. Állatorvosok Lapja 2022, 144,

691–704.
24. Cowan, M.M. Plant Products as antimicrobial agents. Clin. Microbiol. Rev. 1999, 12, 564–582. [CrossRef]
25. Tsuchiya, H.; Sato, M.; Miyazaki, T.; Fujiwara, S.; Tanigaki, S.; Ohyama, M.; Tanaka, T.; Iinuma, M. Comparative study on the

antibacterial activity of phytochemical flavanones against methicillin-resistant Staphylococcus aureus. J. Ethnopharmacol. 1996, 50,
27–34. [CrossRef]

26. Gadde, U.; Kim, W.H.; Oh, S.T.; Lillehoj, H.S. Alternatives to antibiotics for maximizing growth performance and feed efficiency
in poultry: A review. Anim. Health Res. Rev. 2017, 18, 26–45. [CrossRef]

27. Várhidi, Z.; Máté, M.; Ózsvári, L. The use of probiotics in nutrition and herd health management in large hungarian dairy cattle
farms. Front. Vet. Sci. 2022, 9, 957935. [CrossRef]

28. Zhang, R.; Li, Z.; Gu, X.; Zhao, J.; Guo, T.; Kong, J. Probiotic Bacillus subtilis LF11 protects intestinal epithelium against Salmonella
infection. Front. Cell Infect. Microbiol. 2022, 12, 837886. [CrossRef]

29. Vandeplas, S.; Dauphin, R.D.; Beckers, Y.; Thonart, P.; Théwis, A. Salmonella in chicken: Current and developing strategies to
reduce contamination at farm level. J. Food Prot. 2010, 73, 774–785. [CrossRef]

30. Shao, Y.; Zhen, W.; Guo, F.; Hu, Z.; Zhang, K.; Kong, L.; Guo, Y.; Wang, Z. Pretreatment with probiotics Enterococcus faecium
NCIMB 11181 attenuated Salmonella typhimurium-induced gut injury through modulating intestinal microbiome and immune
responses with barrier function in broiler chickens. J. Anim. Sci. Biotechnol. 2022, 13, 130. [CrossRef]

31. Lan, D.; Xun, X.; Hu, Y.; Li, N.; Yang, C.; Jiang, X.; Liu, Y. Research on the effect of Pediococcus pentosaceus on Salmonella
enteritidis-infected chicken. Biomed. Res. Int. 2020, 2020, 6416451. [CrossRef] [PubMed]

32. Tellez-Isaias, G.; Vuong, C.N.; Graham, B.D.; Selby, C.M.; Graham, L.E.; Señas-Cuesta, R.; Barros, T.L.; Beer, L.C.; Coles, M.E.;
Forga, A.J.; et al. Developing probiotics, prebiotics, and organic acids to control Salmonella spp. in commercial turkeys at the
University of Arkansas, USA. Ger. J. Vet. Res. 2021, 1, 7–12. [CrossRef]

33. Shehata, A.; Attia, Y.; Khafaga, A.; Farooq, M.Z.; El-Seedi, H.; Eisenreich, W.; Tellez, G. Restoring healthy gut microbiome in
poultry using alternative feed additives with particular attention to phytogenic substances: Challenges and prospects. Ger. J. Vet.
Res. 2023, 2, 32–42. [CrossRef]

34. Martin, K.; Laverty, L.; Filho, R.L.A.; Hernandez-Velasco, X.; Señas-Cuesta, R.; Gray, L.S.; Marcon, R.F.R.; Stein, A.; Coles, M.E.;
Loeza, I.; et al. Evaluation of Aspergillus meal prebiotic in productive parameters, bone mineralization and intestinal integrity in
broiler chickens. Ger. J. Vet. Res. 2023, 3, 27–33. [CrossRef]

https://doi.org/10.3389/fmicb.2022.1049391
https://doi.org/10.1186/s13028-022-00652-z
https://doi.org/10.3390/ani12091090
https://www.ncbi.nlm.nih.gov/pubmed/35565517
https://doi.org/10.1111/1541-4337.12753
https://doi.org/10.1016/j.psj.2021.101438
https://doi.org/10.1128/AAC.4.6.597
https://doi.org/10.1016/S0140-6736(13)62708-7
https://www.ncbi.nlm.nih.gov/pubmed/25458731
https://doi.org/10.1128/CMR.00002-15
https://www.ncbi.nlm.nih.gov/pubmed/26180063
https://doi.org/10.3390/vetsci9080438
https://doi.org/10.1002/ptr.1907
https://doi.org/10.3748/wjg.v27.i42.7210
https://doi.org/10.56385/magyallorv.2023.08.497-510
https://doi.org/10.1128/CMR.12.4.564
https://doi.org/10.1016/0378-8741(96)85514-0
https://doi.org/10.1017/S1466252316000207
https://doi.org/10.3389/fvets.2022.957935
https://doi.org/10.3389/fcimb.2022.837886
https://doi.org/10.4315/0362-028X-73.4.774
https://doi.org/10.1186/s40104-022-00765-5
https://doi.org/10.1155/2020/6416451
https://www.ncbi.nlm.nih.gov/pubmed/33102586
https://doi.org/10.51585/gjvr.2021.3.0014
https://doi.org/10.51585/gjvr.2022.3.0047
https://doi.org/10.51585/gjvr.2023.3.0061


Vet. Sci. 2023, 10, 706 16 of 17

35. Almuzaini, A.M. Phytochemicals: Potential alternative strategy to fight Salmonella enterica serovar typhimurium. Front. Vet. Sci.
2023, 10, 1188752. [CrossRef] [PubMed]

36. An Updated Review on Probiotics as an Alternative of Antibiotics in Poultry—A Review. Available online: https://www.
animbiosci.org/journal/view.php?doi=10.5713/ab.21.0485 (accessed on 18 October 2023).

37. Wu, Y.-T.; Yang, W.-Y.; Samuel Wu, Y.-H.; Chen, J.-W.; Chen, Y.-C. Modulations of growth performance, gut microbiota, and
inflammatory cytokines by trehalose on Salmonella typhimurium-challenged broilers. Poult. Sci. 2020, 99, 4034–4043. [CrossRef]
[PubMed]

38. Prakatur, I.; Miskulin, M.; Pavic, M.; Marjanovic, K.; Blazicevic, V.; Miskulin, I.; Domacinovic, M. Intestinal morphology in broiler
chickens supplemented with propolis and bee pollen. Animals 2019, 9, E301. [CrossRef] [PubMed]

39. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna,
Austria, 2020.

40. Reiczigel, J.; Harnos, A.; Solymosi, N. Biostatisztika Nem Statisztikusoknak, Javított Utánnyomás; Pars Kft.: Budapest, Hungary, 2014.
41. Linear Mixed Model—An Overview|ScienceDirect Topics. Available online: https://www.sciencedirect.com/topics/

mathematics/linear-mixed-model (accessed on 4 September 2023).
42. Varmuzova, K.; Matulova, M.E.; Gerzova, L.; Cejkova, D.; Gardan-Salmon, D.; Panhéleux, M.; Robert, F.; Sisak, F.; Havlickova, H.;

Rychlik, I. Curcuma and scutellaria plant extracts protect chickens against inflammation and Salmonella enteritidis infection. Poult.
Sci. 2015, 94, 2049–2058. [CrossRef]

43. Pascual, M.; Hugas, M.; Badiola, J.I.; Monfort, J.M.; Garriga, M. Lactobacillus salivarius CTC2197 prevents Salmonella enteritidis
colonization in chickens. Appl. Environ. Microbiol. 1999, 65, 4981–4986. [CrossRef]

44. Luoma, A.; Markazi, A.; Shanmugasundaram, R.; Murugesan, G.R.; Mohnl, M.; Selvaraj, R. Effect of synbiotic supplementation
on layer production and cecal Salmonella load during a Salmonella challenge. Poult. Sci. 2017, 96, 4208–4216. [CrossRef]

45. Fernandez, F.; Hinton, M.; Van Gils, B. Dietary mannan-oligosaccharides and their effect on chicken caecal microflora in relation
to Salmonella enteritidis colonization. Avian Pathol. 2002, 31, 49–58. [CrossRef]

46. Tabashsum, Z.; Peng, M.; Alvarado-Martinez, Z.; Aditya, A.; Bhatti, J.; Romo, P.B.; Young, A.; Biswas, D. Competitive reduction
of poultry-borne enteric bacterial pathogens in chicken gut with bioactive Lactobacillus casei. Sci. Rep. 2020, 10, 16259. [CrossRef]
[PubMed]

47. Robinson, K.; Assumpcao, A.L.F.V.; Arsi, K.; Donoghue, A.; Jesudhasan, P.R.R. Ability of garlic and ginger oil to reduce Salmonella
in post-harvest poultry. Animals 2022, 12, 2974. [CrossRef] [PubMed]

48. Nair, A.; Balasaravanan, T.; Jadhav, S.; Mohan, V.; Kumar, C. Harnessing the antibacterial activity of Quercus infectoria and
Phyllanthus emblica against antibiotic-resistant Salmonella typhi and Salmonella enteritidis of poultry origin. Vet. World 2020, 13,
1388–1396. [CrossRef] [PubMed]

49. Al-Garadi, M.A.; Qaid, M.M.; Alqhtani, A.H.; Pokoo-Aikins, A.; Al-Mufarrej, S.I. In vitro phytochemical analysis and antibacterial
and antifungal efficacy assessment of ethanolic and aqueous extracts of Rumex nervosus leaves against selected bacteria and fungi.
Vet. World 2022, 15, 2725–2737. [CrossRef] [PubMed]

50. El-Desoukey, R.M.A.; Albarakaty, F.M.; Alzamel, N.M.; AlZain, M.N. Ethnobotanical, phytochemical and antimicrobial activity of
Halexylon salicornicum (Ramth) as a graze and Promising shrub against selected animal microbes. Saudi J. Biol. Sci. 2022, 29, 103328.
[CrossRef] [PubMed]

51. Kollanoor-Johny, A.; Mattson, T.; Baskaran, S.A.; Amalaradjou, M.A.; Babapoor, S.; March, B.; Valipe, S.; Darre, M.; Hoagland,
T.; Schreiber, D.; et al. Reduction of Salmonella enterica serovar enteritidis colonization in 20-day-old broiler chickens by the
plant-derived compounds trans-cinnamaldehyde and eugenol. Appl. Environ. Microbiol. 2012, 78, 2981–2987. [CrossRef]
[PubMed]

52. Kollanoor Johny, A.; Darre, M.J.; Donoghue, A.M.; Donoghue, D.J.; Venkitanarayanan, K. Antibacterial effect of trans-
cinnamaldehyde, eugenol, carvacrol, and thymol on Salmonella enteritidis and Campylobacter jejuni in chicken cecal contents
in vitro. J. Appl. Poult. Res. 2010, 19, 237–244. [CrossRef]

53. Gurram, S.; Chinni Preetam, V.; Vijaya Lakshmi, K.; Raju, M.V.L.N.; Venkateswarlu, M.; Bora, S. Synergistic effect of probiotic,
chicory root powder and coriander seed powder on growth performance, antioxidant activity and gut health of broiler chickens.
PLoS ONE 2022, 17, e0270231. [CrossRef]

54. Zou, Q.; Meng, W.; Li, C.; Wang, T.; Li, D. Feeding broilers with wheat germ, hops and grape seed extract mixture improves
growth performance. Front. Physiol. 2023, 14, 1144997. [CrossRef]

55. Leyva-Diaz, A.A.; Hernandez-Patlan, D.; Solis-Cruz, B.; Adhikari, B.; Kwon, Y.M.; Latorre, J.D.; Hernandez-Velasco, X.; Fuente-
Martinez, B.; Hargis, B.M.; Lopez-Arellano, R.; et al. Evaluation of curcumin and copper acetate against Salmonella Typhimurium
infection, intestinal permeability, and cecal microbiota composition in broiler chickens. J. Anim. Sci. Biotechnol. 2021, 12, 23.
[CrossRef]

56. Liu, H.Y.; Ivarsson, E.; Jönsson, L.; Holm, L.; Lundh, T.; Lindberg, J.E. Growth performance, digestibility, and gut development of
broiler chickens on diets with inclusion of chicory (Cichorium intybus L.). Poult. Sci. 2011, 90, 815–823. [CrossRef] [PubMed]

57. Yang, L.; Chen, L.; Zheng, K.; Ma, Y.-J.; He, R.-X.; Arowolo, M.A.; Zhou, Y.-J.; Xiao, D.-F.; He, J.-H. Effects of fenugreek seed
extracts on growth performance and intestinal health of broilers. Poult. Sci. 2022, 101, 101939. [CrossRef] [PubMed]

58. Jerzsele, Á.; Somogyi, Z.; Szalai, M.; Kovács, D. Effects of fermented wheat germ extract on artificial Salmonella typhimurium
infection in broiler chickens. Magy. Állatorvosok Lapja 2020, 142, 77–85.

https://doi.org/10.3389/fvets.2023.1188752
https://www.ncbi.nlm.nih.gov/pubmed/37261108
https://www.animbiosci.org/journal/view.php?doi=10.5713/ab.21.0485
https://www.animbiosci.org/journal/view.php?doi=10.5713/ab.21.0485
https://doi.org/10.1016/j.psj.2020.03.053
https://www.ncbi.nlm.nih.gov/pubmed/32731991
https://doi.org/10.3390/ani9060301
https://www.ncbi.nlm.nih.gov/pubmed/31151310
https://www.sciencedirect.com/topics/mathematics/linear-mixed-model
https://www.sciencedirect.com/topics/mathematics/linear-mixed-model
https://doi.org/10.3382/ps/pev190
https://doi.org/10.1128/AEM.65.11.4981-4986.1999
https://doi.org/10.3382/ps/pex251
https://doi.org/10.1080/03079450120106000
https://doi.org/10.1038/s41598-020-73316-5
https://www.ncbi.nlm.nih.gov/pubmed/33004922
https://doi.org/10.3390/ani12212974
https://www.ncbi.nlm.nih.gov/pubmed/36359098
https://doi.org/10.14202/vetworld.2020.1388-1396
https://www.ncbi.nlm.nih.gov/pubmed/32848315
https://doi.org/10.14202/vetworld.2022.2725-2737
https://www.ncbi.nlm.nih.gov/pubmed/36590121
https://doi.org/10.1016/j.sjbs.2022.103328
https://www.ncbi.nlm.nih.gov/pubmed/35707822
https://doi.org/10.1128/AEM.07643-11
https://www.ncbi.nlm.nih.gov/pubmed/22327574
https://doi.org/10.3382/japr.2010-00181
https://doi.org/10.1371/journal.pone.0270231
https://doi.org/10.3389/fphys.2023.1144997
https://doi.org/10.1186/s40104-021-00545-7
https://doi.org/10.3382/ps.2010-01181
https://www.ncbi.nlm.nih.gov/pubmed/21406367
https://doi.org/10.1016/j.psj.2022.101939
https://www.ncbi.nlm.nih.gov/pubmed/35691048


Vet. Sci. 2023, 10, 706 17 of 17

59. Stipkovits, L.; Lapis, K.; Hidvégi, M.; Kósa, E.; Glávits, R.; Resetár, A. Testing the efficacy of fermented wheat germ extract against
Mycoplasma gallisepticum infection of chickens. Poult. Sci. 2004, 83, 1844–1848. [CrossRef]

60. Rafai, P.; Papp, Z.; Jakab, L.; Tuboly, T.; Jurkovich, V.; Brydl, E.; Ózsvári, L.; Kósa, E. The effect of fermented wheat germ extract
on production parameters and immune status of growing pigs. J. Anim. Feed. Sci. 2011, 20, 36–46. [CrossRef]

61. Khoobani, M.; Hasheminezhad, S.-H.; Javandel, F.; Nosrati, M.; Seidavi, A.; Kadim, I.T.; Laudadio, V.; Tufarelli, V. Effects of
dietary chicory (Chicorium intybus L.) and probiotic blend as natural feed additives on performance traits, blood biochemistry,
and gut microbiota of broiler chickens. Antibiotics 2019, 9, 5. [CrossRef]

62. Kareem, K.Y.; Loh, T.C.; Foo, H.L.; Akit, H.; Samsudin, A.A. Effects of dietary postbiotic and inulin on growth performance, IGF1
and GHR mRNA expression, faecal microbiota and volatile fatty acids in broilers. BMC Vet. Res. 2016, 12, 163. [CrossRef]

63. Olasz, Á.; Jerzsele, Á.; Balta, L.; Dobra, P.F.; Kerek, Á. In vivo efficacy of different extracts of propolis in broiler salmonellosis.
Magy. Állatorvosok Lapja 2023, 145, 461–475. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/ps/83.11.1844
https://doi.org/10.22358/jafs/66156/2011
https://doi.org/10.3390/antibiotics9010005
https://doi.org/10.1186/s12917-016-0790-9
https://doi.org/10.56385/magyallorv.2023.08.461-475

	Introduction 
	Materials and Methods 
	Animals, Diets, and Experimental Design 
	Mode of Infection and Monitoring of Animals 
	Data Collection 
	Pathology and Pathological Histology 
	Statistical Method 

	Results 
	Preparation of the Challenge Bacteria 
	Mortality 
	Salmonella Shedding 
	Body Weight 
	Trends in Feed Consumption and Feed Conversion Ratio 
	Pathological Histology 

	Discussion 
	Conclusions 
	References

