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Simple Summary

Rabbits raised for meat production are frequently exposed to environmental stressors
such as heat and noise, which can negatively impact their health, growth, and overall
production efficiency. This study evaluated whether dietary supplementation with milk
thistle seed cake or its fermented form could alleviate these stress effects. Ninety rabbits
were assigned to one of three diets: a standard control diet, a diet supplemented with
2% milk thistle, or a diet containing a fermented substrate with 1% milk thistle. Growth
performance, feed intake, and biochemical blood parameters were closely monitored. The
results demonstrated that milk thistle improved growth and feed efficiency, particularly
during the early stages of fattening. Rabbits fed fermented milk thistle consumed less
feed and exhibited better feed conversion, but gained slightly less weight overall. The
group receiving 2% milk thistle achieved the highest body weight and the best growth
performance. No health issues or mortality were observed during the study. These findings
suggest that milk thistle, especially in its natural form, can support rabbit health and
productivity under stress, offering a natural approach to enhance welfare and sustainability
in rabbit production.

Abstract

This study evaluated the effects of thermal and noise stress on rabbits (90 HYLA hybrids),
focusing on physiological responses, production performance, and welfare. Three dietary
treatments were compared: a control diet (C), a diet supplemented with milk thistle seed
cake (SMT), and a diet containing fermented milk thistle seed cake (FMT). The aim was to
assess whether these feed additives could mitigate the adverse effects of environmental
stress. Health status was monitored through clinical observation and analysis of bio-
chemical indicators, including enzymes, lipid and protein metabolism markers, and total
antioxidant status. Thermal stress at the onset of fattening influenced average daily gain,
feed intake, and carcass yield, while dietary intervention modulated these effects. The FMT
group demonstrated the lowest feed intake and most efficient feed conversion during later
growth stages, but had lower slaughter weight compared with the control. In contrast,
rabbits fed the SMT diet achieved the highest slaughter weight and superior growth effi-
ciency. These findings suggest that milk thistle, particularly in combination with probiotic
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fermentation, can enhance feed utilization, growth performance, and stress resilience in
rabbits, contributing to more sustainable and welfare-oriented production systems.

Keywords: rabbit welfare; thermal stress; noise stress; milk thistle supplementation; natural
feed additives; growth performance

1. Introduction

Rabbit meat is valued for its nutritional properties and is increasingly popular in
human diets, driving the expansion of rabbit production worldwide [1-3]. Rabbits have a
short life cycle, are highly prolific, possess a short gestation period, and exhibit high feed
conversion efficiency [4]. Rabbit meat is considered a healthy food, being rich in protein
while low in fat, cholesterol, and sodium [5], making it particularly suitable for children
and the elderly [6]. Unlike other livestock, rabbits lack well-developed sweat glands except
on the lips and inguinal region, which limits their ability to regulate body temperature [7].

Heat stress in rabbits is influenced by multiple factors, including high ambient tem-
perature, humidity, radiant heat, and air velocity, with ambient temperature being the most
critical factor affecting welfare and performance [8]. The physiological body temperature
of healthy rabbits is 39 & 0.5 °C, the thermoneutral zone is 20 £ 5 °C, and the optimal
environmental humidity is 60 £ 5% [9-11]. For 6- to 12-week-old rabbits, the most favorable
temperature range has been reported as 15-18 °C [12].

Rising ambient temperatures have pronounced physiological and productive effects.
An increase from 20 to 30 °C accelerates respiration (from ~40 to 200 breaths per minute)
and elevates body temperature up to 43 °C. Temperatures above 30 °C reduce reproductive
performance (e.g., litter size) and lactation, while temperatures exceeding 35 °C significantly
increase mortality [7]. Heat stress can also reduce daily weight gain by 20-25%, impair feed
conversion by 8-15%, increase mortality by 9-12%, decrease reproductive performance by
6-10%, and negatively affect meat quality and carcass traits [2]. According to the authors
of [13], heat stress above 15 °C decreases milk production and reduces feed and water
intake in does, whereas offspring appear more resilient to elevated temperatures than
their mothers.

Nutritional management provides a practical strategy to mitigate the effects of heat
stress. Adjustments in diet composition, as well as supplementation with vitamins, miner-
als, electrolytes, or functional bioactive compounds, can alleviate the detrimental impacts
of heat stress in rabbits [2]. Noise is another important stressor in rabbit husbandry, capa-
ble of triggering startle responses and abnormal behaviors that may result in traumatic
limb injuries, increased aggression, impaired reproductive and maternal performance, and
reduced meat production [10,14].

Laboratory monitoring of noise frequency has shown that rabbits are exposed to
frequencies between 10 and 40/60 kHz in their housing environment due to cage interac-
tions, such as trampling on different materials [15]. Rabbits can hear sounds up to 42 kHz,
and noise in rabbit housing should remain below 60 dB during quiet periods and below
70 dB during work activities, with peaks not exceeding 85 dB [16]. High sound levels
from reproductive equipment may have adverse rather than preventive effects. Optimal
biological functioning occurs when animals are maintained in appropriate environments,
ensuring maximal performance, welfare, and quality of life [17]. To prevent stress-related
health disorders, dietary supplementation with Silybum marianum has shown potential, as
confirmed in previous studies on horses [18].
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Milk thistle (Silybum marianum L.), a member of the Asteraceae family native to arid
and semi-arid Mediterranean regions, is an annual plant rich in silymarin flavonolignans
with hepatoprotective and chemoprotective properties; it is present throughout the plant
but occurs at the highest concentrations in seeds. Milk thistle can be administered as whole
or ground seeds, seed oil, or seed cakes (residues after oil extraction) to improve animal
nutrition [19,20].

The main bioactive component derived from milk thistle seed cakes is silymarin,
a complex of antioxidant flavonolignans (65-85%) [21]. This complex contains silibinin
(silybins A and B; ~50%), isosilybin (isosilybins A and B; ~5%), silychristin (~20%), and
silydianin (~10%) [22]. Silibinin has been reported to exhibit anti-inflammatory and hep-
atoprotective effects in experimental rats with induced preeclampsia [23]. Among other
flavonoids, taxifolin contributes significantly to overall antioxidant capacity [24]. This
flavonolignan complex protects liver cells by stabilizing membrane permeability, inhibiting
lipid peroxidation, and preventing hepatic glutathione depletion [25]. Additionally, sily-
marin inhibits enzymes responsible for reactive oxygen species (ROS) production, reducing
free radical formation and enhancing mitochondrial integrity under stress conditions [21].

The biological activity of Silybum marianum flavonolignans is closely related to the
organism’s antioxidant capacity, enabling it to cope with environmental stress. Heat stress
is a major challenge in rabbit production, negatively affecting feed intake, physiological
homeostasis, reproductive performance, and immune function [2]. For example, supple-
mentation with milk thistle extract at dietary levels of 10 or 15 g/kg has been shown to
enhance growth performance, feed utilization, dressing percentage, hemato-biochemical
parameters, immunity, and redox balance in heat-stressed growing rabbits during the hot
season [26].

Milk thistle cake can be fermented using probiotic bacteria, such as Lactobacillus
acidophilus. Fermentation offers multiple benefits, including improved nutrient digestibility
and bioavailability through the breakdown of complex fibers and increased content of
essential vitamins, such as B vitamins [27]. A review [28] highlights the role of probiotics
in enhancing rabbit health, including improvement in gut health and reduction in the
abundance of harmful bacteria such as E. coli and Salmonella, which together contribute to
better productive performance.

The bioactive compound silymarin, with its well-documented antioxidant and hepato-
protective properties, may counteract oxidative stress induced by elevated temperatures.
Environmental stressors such as heat and noise can compromise physiological homeostasis,
reduce feed efficiency, and negatively impact growth and reproductive performance in
rabbits. Nutritional interventions that enhance antioxidant defense represent a promising
strategy to improve animal resilience under these stress conditions.

Milk thistle, as a natural source rich in silymarin, has attracted attention as a feed
additive due to its protective effects. Fermentation of milk thistle seed cake may further
increase the bioavailability and biological activity of its flavonolignans, thereby enhancing
physiological responses and productivity.

This study investigates the combined effects of environmental stressors and dietary
supplementation with milk thistle seed cake—both non-fermented and fermented—on
rabbit performance, physiological parameters, and welfare. Specifically, we aim to (1) de-
termine the impact of elevated temperature on growth, feed conversion, and general health
across dietary groups; (2) assess whether noise stress alters selected blood parameters
and whether milk thistle supplementation mitigates these changes; and (3) evaluate the
effects of different diets on carcass yield. We hypothesize that fermented milk thistle will
provide the greatest protective effects against heat and noise stress, improving growth,
physiological markers, and slaughter yield. The findings can inform sustainable nutri-
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tional strategies that mitigate stress effects and support efficient, welfare-oriented rabbit
production systems.

2. Materials and Methods

All animal procedures were approved by the [Expert Committee for Ensuring the
Welfare of Experimental Animals of the Czech University of Life Sciences Prague)]
(approval No. [MZE-13122/2022-13114] Approval Date: 11 March 2022) and were con-
ducted in accordance with Act No. 246/1992 Coll., the Czech Act on the Protection
of Animals against Cruelty (adopted by the Czech National Council on 15 April 1992;
as amended).

2.1. Experimental Design

The experimental animals were housed in the demonstration and experimental barn
of the Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural
Resources, Department of Husbandry and Ethology of Animals. They were kept in metal
double-decker fattening cages in a room equipped with automatic air conditioning. Before
the start of the experiment, the housing area was disinfected once with an ECA-CID-P
aerosol (EcaTech, LTd, Brno, Czech Republic) prior to the placement of the rabbits. Feed
and water were provided ad libitum. An anticoccidial solution (Emanox PMX; Biokron
Ltd., Blu¢ina, Czech Republic) was added to the drinking water for all rabbits during the
first 10 days of the experiment.

Ninety HYLA broiler rabbits were randomly assigned to three groups of 30 animals
each. The groups were designated as C (control, fed a standard total mixture for fattening
rabbits), SMT (fed the standard mixture with 2% standard non-fermented milk thistle seed
cakes), and FMT (fed the standard mixture with 2% fermented mixture using Lactobacillus
acidophilus, consisting of milk thistle seed cakes and substrate of alfalfa meal and barley
meal in a 50:50 ratio).

A habituation period to the experimental feed mixture was conducted from day 35
to day 42 post-weaning. Pellet diets were administered from day 35 until slaughter at
63-77 days of age, depending on the live weight of the rabbits. Nutritional requirements
were met throughout the experiment, and the diets were balanced. The nutrient composi-
tion of the diets is shown in Table 1.

The health status of each animal was monitored daily, and body weight was recorded
weekly throughout the experiment. The experimental diets were offered individually in
feeders with a capacity of 1.6 kg. Feed refusals (uneaten feed) were weighed weekly to
determine feed intake, and feeders were subsequently refilled to 1.6 kg according to the
animals’ group allocation. Body weight and feed refusals were measured using a digital
scale (TRONIX BX 10000; TRONIX, Prague, Czech Republic). Average daily feed intake
for each rabbit was calculated from weekly individual intake, and group mean intake was
determined. Feed conversion ratio (FCR) was calculated as FCR = feed intake/weight gain.

A detailed timeline of the experimental procedures is presented in Table 2.

Chemical analyses of the diets and feces were performed using the AOAC [29] methods
for the determination of ash, crude protein (CP), crude fiber (CF), dry matter (DM), and
ether extract (EE). Nitrogen-free extract (NFE) was calculated using the following formula:
NEFE = 1000 — ash (g) — CP (g) — CF (g) — EE (g). Acid detergent lignin (ADL) was analyzed
according to a conventional fiber analysis method [30].

Digestibility of nutrients, including ash, crude protein (CP), ether extract (EE), crude
fiber (CF), and nitrogen-free extract (NFE), was determined by the indicator method using
ADL lignin.
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Table 1. Chemical composition of the experimental diets.

C SMT FMT
Dry matter (g/kg) 1000 1000 1000
Ash (g/kg) 90.44 92.13 89.76
Crude protein (g/kg) 151.97 182.40 182.92
Ether extract (g/kg) 29.96 36.19 34.57
Crude fibre (g/kg) 216.44 216.31 216.17
ADL-lignin (g/kg) 56.31 53.86 56.95
NFE (g/kg) 511.18 472.96 476.57
Calcium (g/kg) 12 12 12
Phosphorus (g/kg) 6 6 6
Natrium (g/kg) 4 4 4
Vitamin A (IU/kg) 11,500 11,500 11,500
Vitamin D3 (IU/kg) 1400 1400 1400
Ferrum (mg/kg)
Source: FeSO4-H,O 30 30 30
Iodine (mg/kg) 1 1 1
Source: Ca(IO3),
Copper (mg/kg)
Source: CuSQOy4-5H,O 14 14 14
Manganese (mg/kg)
Source: MnO 3 35 35
Zinc (mg/kg)
Source: ZnO 3 3 35
Selenium (mg/kg) 01 01 01

Source: Na;SeOs
C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.

Table 2. Timeline of experimental procedures in relation to the age of rabbits.

Age of Rabbits C SMT FMT
35-41 days procedure habituation
n 30 30 30
42 days procedure individual weighing of weekly weight gains and feed refusals
n 30 30 30
42-46 days procedure temperature stress
n 30 30 30
49 days procedure individual weighing of weekly weight gains and feed refusals

n 30 30 30
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Table 2. Cont.

Age of Rabbits C SMT FMT
56 days procedure individual weighing of weekly weight gains and feed refusals
n 30 30 30
63 days procedure individual weighing of weekly weight gains and feed refusals
n 30 30 30
procedure slaughter without noise stress
n 2 0 2
70 days procedure individual weighing of weekly weight gains and feed refusals
n 28 30 28
procedure noise stress before slaughter
n 5 5 5
procedure slaughter without noise stress
n 5 5 9
77 days procedure individual weighing of weekly weight gains and feed refusals
n 18 20 14
procedure slaughter without noise stress
n 11 14 7
n = number of individuals; C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1%
substrate.

Digestible energy (DE) was determined by formula [31]: DE = (dCP x 0.02385) +
(dEE x 0.03778) + (dCF x 0.01628) + (dNFE x 0.01711); symbol “d” means “digestible” (%) [31].

All complete feed mixtures were based on the control feed mixture (C), which con-
tained alfalfa meal, oat meal, wheat bran, malt sprouts, sunflower seed meal, barley meal,
calcium carbonate, monocalcium phosphate, dried whey meal, sodium chloride, and dried
apple pulp. In the granulated SMT mixture, 2% standard non-fermented milk thistle seed
cakes were added. In the granulated FMT mixture, 2% fermented substrate was added,
consisting of 1% milk thistle seed cakes and 1% substrate.

Table 3 shows the composition of the feed mixtures for C, SMT, and FMT, with respect
to the selected flavonolignans and their average amounts.

Table 3. Silymarin content (g/kg) and its main flavonolignans in the experimental diets.

(g/ke) C Averil;?i SE Averl;g/iTi SE
Total silymarin 0 1.450 -+ 0.000 0.710 =+ 0.000
Silybinin A 0 0.545 + 0.000 0.333 + 0.008
Silybinin B 0 0.449 + 0.015 0.349 + 0.015
Isosilybinin A 0 0.158 + 0.077 0.098 = 0.001
Isosilybinin B 0 0.044 = 0.000 0.033 = 0.000
Silychristin 0 0.502 + 0.015 0.301 = 0.008
Silydianin 0 0.044 + 0.000 0.033 =+ 0.000

SE = standard error; C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.
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2.2. Animal Sampling

Whole-blood samples were obtained from the animals and immediately processed
for analysis.

Animal-origin samples were collected at the end of the experiment and stored at
—20 °C prior to HPLC analysis using a Konelab™ 20XT clinical chemistry analyzer (Thermo
Fisher Scientific Oy, Vantaa, Finland). In the event that any animals died during the
experiment, the deceased individuals were examined to determine the cause of death.

2.3. Production Parameters

Production parameters included growth performance (average daily gain), feed intake,
feed conversion, and carcass yield. The experiment was conducted in the experimental
barn of the Czech University of Life Sciences, Prague. The rabbits were slaughtered at
weekly intervals once they reached a minimum live weight of 2500 g. These intervals were
statistically analyzed for comparisons between groups. Growth performance parameters
(live weight, average daily gain), feed intake, feed conversion, and carcass parameters
(carcass yield I and 1I, live weight, carcass weight, and weight of liver, head, and kidneys
with fat) were compared between 63 and 77 days of age. Carcass yield I and II were
determined based on the following formulas:

Carcass I = (carcass weight + head + heart + lungs + liver + kidney with fat)
Carcass II = (carcass weight 4 head + liver + kidney with fat)

Carcass yeld I = [M} x 100

live weight

Carcass yeld IT = [M} x 100

live weight

The number of rabbits with a minimum live weight of 2500 g when slaughtered is
shown in Table 4 according to age at slaughter (63, 70, or 77 days).

Table 4. General parameters of animals with a minimum live weight of 2500 g according to age

at slaughter.
C SMT FMT
Age at slaughter: 63 days 2 - 2
Age at slaughter: 70 days 10 10 14
Age at slaughter:
77 days 11 14 7
Ungrown 7 6 7
Death 0 0 0
Total number 30 30 30

C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.

2.4. Blood Samples

The rabbits were stunned using a captive bolt gun and subsequently slaughtered.
A total of thirty rabbits (ten from each of the three groups) were processed, and blood
samples were collected via exsanguination into heparinized tubes (Sarstedt, Niimbrecht,
Germany). The blood samples were promptly centrifuged at 3200 rpm for 10 min, and
the resulting plasma and blood fractions were stored in Eppendorf Safe-Lock tubes (up to
1.5 mL; Eppendorf, Hamburg, Germany) at —20 °C until laboratory analysis.

To assess the impact of milk thistle seed cakes on rabbit health, a statistical analysis of
blood biochemical parameters was performed, focusing on liver and kidney function, en-
ergy metabolism, and stress indicators. The monitored parameters included crude protein
(CP), albumin (ALB), alanine transaminase (ALT), aspartate transaminase (AST), alkaline
phosphatase (ALP), gamma-glutamyl transferase (GGT), lactate, lactate dehydrogenase
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(LD), total cholesterol (CHOL), high-density lipoprotein (HDL), low-density lipoprotein
(LDL), triacylglycerols (TAGs), beta-hydroxybutyric acid (BHB), free fatty acids (FFAs),
creatine kinase (CK), creatinine (CREA), urea, total antioxidant status (TAS), glucose (GLU),
calcium (Ca), and inorganic phosphate (Pi).

2.5. Chemicals

Pure, mechanically processed fruits of Silybum marianum (Silyfeed®Basic) were ob-
tained from IREL, Ltd., Miroslavské Kninice, Czech Republic. Buffer components, L-
ascorbic acid, and acetic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Methanol, acetonitrile, and 3-glucuronidase/arylsulfatase from Helix pomatia were obtained
from Merck (Darmstadt, Germany). Other chemicals were obtained from Sigma-Aldrich
(St. Louis, MO, USA). All solutions were prepared using deionized water from reverse
osmosis (Ultrapur, Watrex, Prague, Czech Republic). Nitrogen and helium (purity grade of
99.999 % for both) were obtained from Linde Gas (Prague, Czech Republic).

2.6. Extraction of Flavonolignans from Diet and Feces Samples

Feed and feces samples were collected and dried at 60 °C for 24 h. To determine dry
matter, these pre-dried samples were further dried at 103 & 2 °C until a constant weight was
achieved. Crude protein was analyzed using the Kjeldahl method on a KjelIROC Analyzer
(LiquidLine, Furulund, Sweden), employing a factor of 6.25 to convert nitrogen content
to nitrogen substances. Crude fiber was determined using an ANKOM Fiber Analyzer
(ANKOM Technology, Macedon, NY, USA) by measuring the non-hydrolyzable residue
after hydrolysis with acid detergent (H,SO,) and alkaline detergent (NaOH), with the ash
content subtracted from the residue. Crude fat content was analyzed using the Soxhlet
method, with at least 10 reflux cycles per hour, using diethyl ether as the extractant. Ash
content was determined by ashing the sample at 550 & 20 °C until a constant weight was
achieved. Lignin was measured using an ANKOM device by calculating the mass balance
after cellulose and other organic substances were dissolved in an acid detergent. Fiber
content was analyzed using 72% H,SO4 according to ISO 13906 standards [32]. Nitrogen-
free extractive (NFE) content was calculated using the following formula: NFE = dry
matter (g/kg) — [NS content (g/kg) + fiber content (g/kg) + fat content (g/kg) + ash
content (g/kg) [18].

2.7. Antioxidant Capacity

Analyses of total antioxidant status (TAS) were performed using the Konelab™ 20XT
clinical chemistry analyzer (Thermo Fisher Scientific Oy, Vantaa, Finland). The TAS assay
was conducted using the Randox Laboratories Total Antioxidant Status (TAS) kit, which
was optimized for use with the Thermo Konelab platform (Randox Laboratories Ltd.,
Crumlin, UK), in accordance with the manufacturer’s instructions (IFU).

2.8. Glutathione Peroxidase (GPx) Activity Assay

GPx activity in erythrocytes was measured spectrophotometrically at a wavelength of
340 nm. The reaction mixture contained 0.39 mM GSH, 0.19 mM NADPH, and 1.55 U/mL
glutathione reductase in an assay buffer composed of 50 mM Tris and 0.1 mM EDTA at
pH7.6. A 10 pL erythrocyte sample was added to the mixture, and the enzymatic reaction
was initiated with 0.1% cumene hydroperoxide. GPx activity was expressed as pkat/g of
hemoglobin [28].

2.9. Heat Stress

The ambient temperature in the housing facility was maintained at 17 &= 1 °C through-
out the trial, except for the first week of the feeding experiment, during which the temper-
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ature was increased to 25 + 1 °C for 5 days (42—46 days of age). Relative humidity was
maintained at approximately 65% throughout the entire experiment.

2.10. Noise Stress

Loud or sudden noises are a major cause of stress for rabbits as prey animals with
highly sensitive hearing. Five rabbits from each group were exposed to noise stress lasting
for 10-20 min at levels ranging from 63.2 to 74.7 dB on the 70th day of age, before slaughter
and blood collection.

2.11. Statistical Analysis

Data were statistically processed using STATISTICA.CZ, version 10.0 (Czech Republic).
Classical one-way analysis of variance (ANOVA) was performed, followed by Scheffé’s
test for all parameters, including nutrient digestibility, silymarin content, production
parameters, and biochemical blood parameters.

Blood parameters were further subjected to multifactorial analysis using ANOVA with
post hoc Scheffé’s test. The variables included individual blood parameters and exposure to
the noise stressor. Thermal stress was not considered, as all rabbits were maintained under
the same temperature conditions regardless of group. Productive parameters were not
evaluated, since short-term noise exposure immediately before slaughter was not expected
to affect growth rate, carcass yield, or related production traits.

3. Results
3.1. Biochemical Blood Indicators

The average values of the 22 monitored blood parameters in half of the rabbits in each
group, divided according to their feed mixture and exposure to noise stress, are shown in
Table 5. The evaluated parameters included enzymes (e.g., alkaline phosphatase—ALP,
aspartate transaminase—AST, glutathione peroxidase—GSH-Px), total protein (TP), urea,
glucose (GLU), high-density lipoprotein (HDL), low-density lipoprotein (LDL), creatinine
(CREA), free fatty acids (FFAs), calcium (Ca), and inorganic phosphate (Pi).

Table 5. Biochemical blood parameters in non-stressed rabbits according to their feed mixture.

C SMT FMT
Average £+ SE Average + SE Average + SE
Number of animals 5 5 5

Albumin (g/L) 28.18 +1.29b 30.48 +1.19 20 35.35 4+ 1.38
ALP (ukat/L) 2.46 +0.29 3.02 +0.28 3.04 £ 0.40
ALT (ukat/L) 0.53 + 0.04 0.60 4 0.04 0.55 + 0.07
AST (ukat/L) 0.24 + 0.03 0.19 + 0.02 0.20 + 0,01
BHB (mmol /L) 0.05 + 0.02 0.03 + 0.01 0.07 + 0.00
Ca (mmol/L) 2.63+0.10° 2.85 +0.08° 337 4+0.142
CHOL (mmol/L) 1.42 +0.25 1.36 &+ 0.17 1.61 4 0.18
HDL (mmol /L) 0.53 + 0.06 0.44 4 0.05 0.59 + 0.05
LDL (mmol/L) 0.89 + 0.19 0.92 +0.14 1.03 4 0.14
CK (ukat/L) 21.06 & 3.59 18.74 + 3.46 24.17 +2.13

CREA (umol/L) 60.64 + 8.40 2P 48.37 +1.12° 72.37 £4.942
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Table 5. Cont.
C SMT FMT

Average + SE Average + SE Average + SE
GGT (ukat/L) 0.09 + 0.01 0.13 + 0.02 0.13 + 0.02
GLU (mmol/L) 555+ 0.19b 6.14 +0.29b 7.48 +0.40 2

GSH-Px (ukat/L) 488.68 +49.44 P 630.42 + 47.52b 1480.40 + 190.40 2

LD (ukat/L) 2.66 + 0.23 2.62 +0.38 3.06 £0.26
Lactate (mmol/L) 2.36 + 0.23 2.54 + 0.26 3.96 + 0.77
FFA (mmol/L) 0.10 + 0.03 b 0.10 +0.01 P 0.26 +0.052

Pi (mmol/L) 1.53 £ 0.09P 1.54 +0.05P 22440132

TP (g/L) 42.98 4+ 248" 4451 +1.75b 54.25 + 1.87 2

TAS (mmol/L) 0.79 + 0.02 2 0.75+0.13b 0.95+0.042
TAG (mmol/L) 0.84 & 0.15 1.13 £ 0.16 1.28 +0.14
Urea (mmol/L) 5.48 4 0.29 @b 5.44 +0.41° 7.56 +0.77 2

SE = standard error; means within the same row marked with different letters (a,b) differ significantly (p < 0.05);
C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.

The blood albumin level in non-stressed rabbits was significantly higher in the FMT
group (1% fermented milk thistle + 1% substrate in diet) compared to the control group (C;
without supplementation of milk thistle), which corresponded with the total protein content
in the blood of the monitored rabbits (Table 5). A statistically significant difference was
also observed in the levels of mineral substances (Ca and Pi), with the FMT group showing
higher concentrations of these minerals in the blood than the control group (C). Analysis
of free fatty acids (FFAs) and triacylglycerols (TAGs) indicated higher fat mobilization in
the FMT group. The SMT group (2% non-fermented milk thistle in diet) exhibited a higher
level of glutathione peroxidase (GSH-Px), but lower levels of total antioxidant status (TAS)
and creatinine (CREA), compared to the control group (C). The highest values of GSH-Px,
TAS, and CREA were observed in the FMT group.

The same blood parameters were analyzed in the other half of the rabbits after exposure
to noise stress. These results are presented in Table 6.

Table 6. Biochemical parameters in stressed rabbits in the three experimental diet groups.

C SMT FMT
Average + SE Average + SE Average + SE
Number of animals 5 5 5

Albumin (g/L) 33.69 + 0.45 33.02 + 0.64 32.60 £ 2.30
ALP (pkat/L) 232 +0.15 2.67 £0.08 221 £0.16
ALT (pukat/L) 0.64 £ 0.02 0.56 £ 0.12 0.49 £ 0.04
AST (pkat/L) 0.21 £0.02 0.24 £ 0.02 0.21 +£0.01
BHB (mmol/L) 0.04 £ 0.01 0.06 £ 0.01 0.03 £ 0.01
Ca (mmol/L) 3.06 £ 0.08 3.10 £ 0.06 3.06 = 0.19
CHOL (mmol/L) 148 £0.17 1.18 £ 0.09 1.14 £0.14
HDL (mmol/L) 0.61 £ 0.07 0.45 £ 0.06 0.53 £ 0.06
LDL (mmol/L) 0.88 £0.12 0.73 £0.10 0.60 £ 0.09

CK (pkat/L) 21.40 £2.07 30.71 £ 3.94 20.38 + 2.03
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Table 6. Cont.
C SMT FMT
Average + SE Average + SE Average + SE

CREA (pmol/L) 56.90 £+ 1.02 62.54 + 10.80 64.17 £3.42
GGT (ukat/L) 0.11 £0.01 0.12 £0.01 0.13 £ 0.01
GLU (mmol/L) 742 +0.35 727 £0.26 6.87 £ 0.39

GSH-Px (pkat/L) 395.34 + 46.84 P 691.80 & 41.84 P 1534.94 +149.252
LD (pkat/L) 221 +£0.27 3.24 +£0.38 243 £0.20
Lactate (mmol/L) 3.19 £ 046 3.79 £0.98 3.03 £0.39
FFA (mmol/L) 0.11£0.01° 0.13 +0.02° 0.32£0.082
P; (mmol/L) 1.93 +£0.13 1.77 £ 0.08 2.07 £0.16
TP (g/L) 50.58 £+ 0.81 50.47 £ 1.37 50.65 £ 4.03
TAS (mmol/L) 0.86 £ 0.05 0.89 £ 0.03 0.97 £ 0.04
TAG (mmol/L) 1.07 £ 0.13 1.32 +£0.30 0.90 £0.13
Urea (mmol/L) 574 £0.21 6.09 £0.37 6.16 £ 0.24

SE = standard error; a, b means within the same row marked with different letters (a,b) differ significantly
(p < 0.05); C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.

Regarding blood parameters, among the rabbits exposed to noise stress, the SMT
group showed the highest levels of lactate dehydrogenase (LD), lactate, and triacylglycerols
(TAGs) compared to the other groups; however, these differences were not statistically
significant (p > 0.05). A statistically significant difference (p < 0.05) was observed in plasma
GSH-Px levels, with the FMT group exhibiting nearly four times higher GSH-Px levels
than the control group and more than twice as high as the SMT group (Table 5). A similar
trend was observed for total antioxidant status (TAS), although the differences were not
statistically significant. The FMT group also showed the highest level of free fatty acids
(FFAs), while the control group exhibited the lowest levels.

Table 7 presents the mean values of the monitored blood parameters for all rabbits
from each group, regardless of stress exposure. Table 8 shows the effects of noise stress on
the rabbits, irrespective of their diet.

Table 7. Biochemical blood parameters in all rabbits (without considering exposure to noise stress).

C SMT FMT
Average + SE Average + SE Average + SE
Number of animals 10 10 10

Albumin (g/L) 3094 +1.12 31.75 £ 0.77 33.98 £1.34
ALP (pkat/L) 2.39 £0.15 2.84 +£0.15 2.63 +0.24
ALT (ukat/L) 0.58 £+ 0.03 0.58 £ 0.06 0.52 £ 0.04
AST (ukat/L) 0.22 £ 0.02 0.22 £0.01 0.20 £ 0.01
BHB (mmol/L) 0.04 £+ 0.01 0.04 £0.01 0.05 £ 0.01
Ca (mmol/L) 2.85 £ 0.09 2.98 +0.07 322 +0.12
CHOL (mmol/L) 1.45+0.14 1.27 £0.10 1.38 £0.14
HDL (mmol/L) 0.57 £ 0.05 0.45 £+ 0.03 0.56 + 0.04
LDL (mmol/L) 0.88 £ 0.11 0.82 £+ 0.09 0.81 £ 0.11

CK (ukat/L) 2423 £2.17 2473 £3.18 2227 £1.52
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Table 7. Cont.

C SMT FMT
Average + SE Average + SE Average + SE
CREA (umol/L) 58.77 4 4.04 55.46 + 5.64 68.27 & 3.15
GGT (ukat/L) 0.10 % 0.01 0.12 + 0.01 0.13 #+ 0.01
GLU (mmol/L) 6.49 + 0.36 6.70 + 0.26 7.17 £ 0.28
GSH-Px (ukat/L) 44201 £35.68° 661.11 + 31.55P 1507.67 + 114.61 2
LD (ukat/L) 244 +0.18 2.93 +0.27 2.75 +0.19
Lactate (mmol/L) 2.77 +0.28 3.17 + 0.52 3.50 + 0.43
FFA (mmol/L) 0.11 +0.01b 0.12 +0.02b 0.29 +0.052
Pi (mmol /L) 1.73 +£0.10° 1.66 4 0.06 P 216 +0.102
TP (g/L) 46.78 +1.77 47.49 + 1.44 52.45 4 2.18
TAS (mmol /L) 0.82+0.03° 0.82 +0.04° 0.96 + 0.032
TAG (mmol/L) 0.95 + 0.08 1.22 4+ 0.16 1.09 4+ 0.11
Urea (mmol/L) 5.61 £0.17b 5.76 4 0.28 2P 6.86 + 0.44 2

SE = standard error; means within the same row marked with different letters (a,b) differ significantly (p < 0.05);
C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.

Table 8. Biochemical parameters in stressed and non-stressed rabbits without considering the feeding ration.

Noise Stress
Average £ SE

Standard Conditions
Average & SE

Number of animals 15 15
Albumin (g/L) 31.33 £1.05 33.11 £0.76
ALP (ukat/L) 284 £0.192 2.40 +0.09°
ALT (ukat/L) 0.56 £+ 0.03 0.56 & 0.04
AST (ukat/L) 0.21 + 0.01 021 + 0.01
BHB (mmol/L) 0.05 £+ 0.01 0.04 £+ 0.01
Ca (mmol/L) 2.95+0.10 3.08 + 0.07
CHOL (mmol/L) 1.46 +0.11 1.27 + 0.08
HDL (mmol/L) 0.52 +0.03 0.53 +0.04
LDL (mol/L) 0.95 £ 0.09 0.73 £ 0.06
CK (ukat/L) 23.33 £191 2416 +1.96
CREA (umol/L) 60.46 + 4.00 61.20 + 3.61
GGT (ukat/L) 0.12 £0.01 0.12 £ 0.01
GLU (mmol/L) 6.39 £ 027" 718 £0.192
GSH-Px (pkat/L) 866.50 + 132.74 874.03 £ 138.36
LD (pkat/L) 278 £0.17 2.63 £0.20
Lactate (mmol/L) 295+ 0.32 3.34 +0.36
FFA (mmol/L) 0.16 £0.03 0.19 £ 0.03
Pi (mmol/L) 1.77 £ 0.10 1.93 £0.08
TP (g/L) 4725+ 1.73 50.56 + 1.34
TAS (mmol/L) 0.83 +0.03b 091 +0.022
TAG (mmol/L) 1.08 + 0.08 1.10 £ 0.12
Urea (mmol/L) 6.16 +0.39 6.00 + 0.16

SE = standard error; means within the same row marked with different letters (a,b) differ significantly (p < 0.05).

Statistically significant differences were observed among the groups with different
diets with regard to GSH-Px activity as well as levels of FFAs, inorganic phosphorus, urea,
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and total antioxidant status (TAS) in blood plasma. The FMT group exhibited the highest
values (p < 0.05) for these parameters compared to the other groups, except for urea, where a
statistically significant difference was observed only in comparison with the control group.

Rabbits exposed to noise stress exhibited higher values on more than half of the
evaluated blood parameters (Table 8) compared to non-stressed animals. The levels of
ALT, AST, BHB, and GGT were comparable between groups, whereas for the other six
parameters, higher values were observed in rabbits not exposed to noise stress. The levels
of glucose (GLU) and total antioxidant status (TAS) were significantly higher (p < 0.05) in
the stressed group, while the level of the liver enzyme alkaline phosphatase (ALP) was
significantly lower (p < 0.05).

Table 9 presents the biochemical parameters according to the different diets (control
diet without milk thistle; SMT diet with 2% non-fermented milk thistle; and FMT diet
with 1% fermented milk thistle + 1% substrate) and stress factor (exposure to noise stress
before slaughter or not). A factorial analysis (diet X noise) was performed, which indicated
whether diet or stress exposure had a statistically significant effect based on the sum
of squares (SS), mean square (MS), degree of freedom (df), ratio of variances (F), and
p-value (p), indicated whether the diet or stress factor had a statistically significant effect.

Table 9. Univariate tests of significance of biochemical blood parameters in the experimental rabbits.

SS MS df F p
Diet 49.54 24.77 2 2.739 0.0848
ALB Stressor 23.58 23.58 1 2.607 0.1195
Combination 87.50 43.75 2 4.838 0.0172
Diet 1.05 0.52 2 1.684 0.2068
ALP Stressor 1.44 1.44 1 4.638 0.0415
Combination 0.62 0.31 2 0.992 0.3854
Diet 0.02 0.01 2 0.582 0.5663
ALT Stressor 0.00 0.00 1 0.007 0.9360
Combination 0.05 0.02 2 1.261 0.3015
Diet 0.00 0.00 2 0.440 0.6495
AST Stressor 0.00 0.00 1 0.297 0.5909
Combination 0.00 0.00 2 2.231 0.1292
Diet 0.00 0.00 2 0.291 0.7503
BHB Stressor 0.00 0.00 1 0.602 0.4454
Combination 0.00 0.00 2 5.371 0.0118
Diet 0.71 0.35 2 5.145 0.0138
Ca Stressor 0.12 0.12 1 1.692 0.2057
Combination 0.74 0.37 2 5.454 0.0112
Diet 0.16 0.08 2 0.537 0.5914
CHOL Stressor 0.30 0.30 1 1.942 0.1762
Combination 0.37 0.18 2 1.208 0.3163
Diet 0.09 0.05 2 2.884 0.0754
HDL Stressor 0.00 0.00 1 0.074 0.7883
Combination 0.02 0.01 2 0.696 0.5082
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Table 9. Cont.
SS MS df F p
Diet 0.03 0.01 2 0.151 0.8609
LDL Stressor 0.34 0.34 1 3.634 0.0687
Combination 0.21 0.10 2 1.132 0.3389
Diet 33.65 16.83 2 0.379 0.6888
CK Stressor 5.26 5.26 1 0.118 0.7338
Combination 468.72 234.36 2 5.274 0.0126
Diet 884.7 4424 2 2.353 0.1167
CREA Stressor 4.1 4.1 1 0.022 0.8835
Combination 700.4 350.2 2 1.863 0.1770
Diet 0.00 0.00 2 3.833 0.0359
GGT Stressor 0.00 0.00 1 0.000 0.9944
Combination 0.00 0.00 2 0.579 0.5684
Diet 2.47 1.24 2 2.374 0.1146
GLU Stressor 4.72 4.72 1 9.065 0.0061
Combination 8.10 1.05 2 7.782 0.0025
Diet 6,334,336 3,167,168 2 56.399 0.0000
GSH-Px Stressor 425 425 1 0.008 0.931
Combination 38213 19106 2 0.340 0.715
Diet 1.22 0.61 2 1.408 0.2641
LD Stressor 0.18 0.18 1 0.414 0.5259
Combination 2.29 1.14 2 2.637 0.0922
Diet 2.63 1.31 2 0.780 0.4696
Lactate Stressor 1.11 1.11 1 0.655 0.4263
Combination 6.64 3.32 2 1.968 0.1617
Diet 0.21 0.11 2 12.642 0.0002
FFA Stressor 0.00 0.00 1 0.839 0.3687
Combination 0.00 0.00 2 0.146 0.8651
Diet 1.46 0.73 2 11.338 0.0003
Pi Stressor 0.18 0.18 1 2.764 0.1094
Combination 0.43 0.22 2 3.342 0.0524
Diet 190.81 95.40 2 3.640 0.0416
TP Stressor 82.46 82.46 1 3.146 0.0888
Combination 183.00 91.50 2 3.491 0.0467
Diet 0.13 0.06 2 7.387 0.0032
TAS Stressor 0.05 0.05 1 5.264 0.0308
Combination 0.02 0.01 2 1.074 0.3576
Diet 0.36 0.18 2 1.254 0.3035
TAG Stressor 0.00 0.00 1 0.008 0.9295
Combination 0.58 0.29 2 2.032 0.1531
Diet 9.30 4.65 2 5.179 0.0135
UREA Stressor 0.21 0.21 1 0.228 0.6371
Combination 5.87 2.93 2 3.268 0.0556

SS = sum of squares; MS = mean square; df = degrees of freedom; F = ratio of variances; p = p-value.

The multifactorial analysis of blood parameters revealed statistically significant in-
teractions between diet type and stress exposure on GSH-Px activity and levels of TAS,
FFAs, and GLU. Glutathione peroxidase (GSH-Px) activity was higher in the non-stressed
FMT group than in the noise-stressed control group (p < 0.001) and the stressed SMT group
(p < 0.01). GSH-Px activity was also higher (p < 0.01) in the noise-stressed FMT group
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compared with the non-stressed control group, the non-stressed SMT group, and both
the noise-stressed control and SMT groups. Total antioxidant status (TAS) was lower in
the non-stressed SMT group than in the noise-stressed FMT group (p < 0.05). Free fatty
acids (FFAs) were elevated (p < 0.05) in the noise-stressed FMT group compared with the
non-stressed control and SMT groups. Glucose (GLU) levels were lower in the non-stressed
control group (p < 0.05) compared with both the noise-stressed control and SMT groups.
No other statistically significant differences were observed (p > 0.05).

3.2. Production Analysis

Table 10 and Figure 1 show the average daily gain of rabbits during the fattening
period from 42 to 77 days, divided into five intervals. During days 42—49 and 49-56, the
SMT group exhibited the highest average daily gain, followed by the FMT group, with the
C group showing the lowest gain. A similar trend was observed during days 63-70. In
contrast, during days 56-63 and 70-77, the SMT group showed the lowest daily gain.

Table 10. Average daily gain in rabbits.

C (g/kg) SMT (g/kg) FMT (g/kg)
Period
erto n Average + SE n Average + SE n Average + SE

42-49 30 4745 +2.12 30 50.33 +1.23 30 48.78 +2.04
49-56 30 46.89 +2.41 30 47.00 +£1.92 30 42.70 = 1.57
56-63 30 42.35 + 1.48 30 40.81 £1.20 30 4112 +£1.37
63-70 28 35.77 +£2.13 30 36.71 +1.39 28 36.02 +1.78
70-77 18 40.83 + 2.00 20 37.50 4+ 1.42 14 41.33 +£3.75

SE = standard error; n = number of individuals; C, control; SMT, 2% non-fermented milk thistle; FMT,
1% fermented milk thistle + 1% substrate.

60
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Daily Gain (g/kg
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Period of Monitored

lC SMT Il FMT

Figure 1. Average daily gain in rabbits during five monitored periods (C, control; SMT, 2% non-
fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate).

The SMT group exhibited the highest average live weights at all six measured time
points. In contrast, the FMT group showed lower average weights after day 56. Detailed
results are presented in Table 11.

Feed intake was recorded weekly for all three monitored groups from days 42 to 77 of
age. These values were subsequently used to calculate the average weekly feed intake and
the average daily intake. The average weekly intake values are presented in Table 12.
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Table 11. Live weight of rabbits from days 42 to 77 of age.

C (g/kg) SMT (g/kg) FMT (g/kg)

n Average + SE n Average £+ SE n Average £+ SE
42 days 30 1265.00 £ 25.56 30 1282.33 £ 24.22 30 1268.57 £ 29.41
49 days 30 1597.14 + 28.82 30 1634.67 £ 26.64 30 1610.00 £ 34.54
56 days 30 1925.36 £ 36.06 30 1963.67 + 28.41 30 1908.93 + 41.56
63 days 30 2221.79 + 40.39 30 2249.33 +27.78 30 2196.79 + 46.82
70 days 28 2472.14 + 49.90 30 2506.33 +29.71 28 2448.93 + 54.39
77 days 18 2620.00 + 40.26 20 2685.50 + 28.77 14 2512.14 £ 72.42

SE = standard error; n = number of individuals; C, control; SMT, 2% non-fermented milk thistle; FMT,
1% fermented milk thistle + 1% substrate.

Period

Table 12. Weekly feed intake of control group and two groups fed fermented or non-fermented form
of milk thistle as supplementation across distinct monitored periods.

C (g/kg/Week) SMT (g/kg/Week) FMT (g/kg/Week)
Average £+ SE n Average & SE n Average & SE
42-49 30 1051.43 £ 17.55 30 1056.17 £ 36.51 30 1002.50 = 17.78
49-56 30  1170.00 +18.882® 30 1217.67 £ 20.47 2 30 1111.07 4+ 21.87°
56-63 30 1261.79 £ 24.42 7 30 1275.67 +16.76 2 30 1178.21 + 18.20 P
63-70 28 1362.86 +16.822 30 1405.00 + 16.07 @ 28 1297.68 + 18.54 P
70-77 18 1413.16 +20.13 2 20 1420.00 + 14.83 @ 14 1315.00 4+ 23.27 P

SE = standard error; n = number of individuals; means within the same row marked with different letters (a,b)
differ significantly (p < 0.05); C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle
+ 1% substrate.

Period

The SMT group consistently exhibited the highest weekly feed intake across all time
periods (Table 11), whereas the FMT group showed the lowest feed intake throughout the
experiment. Statistically significant differences (p < 0.05) were observed between these
groups from day 49 onwards.

These significant differences (p < 0.05) were also reflected in the average feed intake
across distinct periods, as presented in Table 13 and Figure 2.

Table 13. Average daily feed intake in the three groups of rabbits.

C (g/kg) SMT (g/kg) FMT (g/kg)
Period n Average + SE n Average £+ SE n Average £+ SE
42-49 30 150.20 £ 2.51 30 150.88 + 5.22 30 143.21 + 2.54
49-56 30 167.14+£270% 30 173.95 +£2.922 30 158.72 £3.12°
56-63 30 180.26 £3.492 30 182.24 +£2.392 30 168.32 £ 2.60 P
63-70 28 194.69 + 2.40 2P 30 200.71 +2.302 28 185.38 +2.65 P
70-77 18 201.89 +£2.882 20 202.86 +2.122 14 187.86 = 3.32 P

SE = standard error; means within the same row marked with different letters (a,b) differ significantly (p < 0.05);
C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.



Animals 2025, 15, 3582

17 of 25

210 1

190 -
1801
1701
160 -
150 -
140

Day Feed Intake (g/kg)

42-49 49-56 56-63 63-70 70-77
Period of Monitored

—C SMT — FMT

Figure 2. Average daily feed intake across different monitored periods (C, control; SMT, 2% non-
fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate).

Feed conversion, an indicator of the efficiency with which ingested feed is converted
into weight gain, was lowest in the C group during days 49-56, 5663, and 70-77 of the
experiment. During days 70-77, the FMT group showed the lowest feed conversion. In most
cases, the SMT group exhibited the highest feed conversion. However, these differences
were not statistically significant (Table 14).

Table 14. Feed conversion of rabbits fed different diets during the experiment.

C (g/kg) SMT (g/kg) FMT (g/kg)
n Average + SE n Average + SE n Average £+ SE
49-56 30 3.88 +£0.10 30 4.07 £ 0.30 30 3.97 £ 0.18
56-63 30 4.56 +0.19 30 4.60 +0.24 30 459 +£0.25
63-70 28 6.81 & 0.92 30 6.51 £1.11 28 575 £0.38
70-77 18 521 £0.32 20 5.79 £0.40 14 7.40 £ 2.89

SE = standard error; n = number of individuals; C, control; SMT, 2% non-fermented milk thistle; FMT,
1% fermented milk thistle + 1% substrate.

The growth curves of the rabbits fed different diets are shown in Figure 3. Until day
63 of age, all three groups exhibited very similar growth performance. After this time
point, a slight divergence appeared, with the SMT and C groups showing somewhat higher
growth compared to the FMT group. This trend was more pronounced at the final weighing
(day 77), although the differences were not statistically significant (p > 0.05).

Table 15 shows the average fecal values of ash, crude protein (CP), ether extract (EE,
an indicator of fat digestibility), crude fiber (CF), nitrogen-free extract (NFE), and digestible
energy (DE). Based on the results for nutrient digestibility, the highest overall digestibility
was shown in the C group, except for crude protein, which was highest in the SMT group.
The lowest digestibility of the evaluated nutrients was observed in the FMT group. The
most pronounced difference was found in the apparent digestibility of ash.
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Figure 3. Growth curves of rabbits fed different diets (C, control; SMT, 2% non-fermented milk thistle;
FMT, 1% fermented milk thistle + 1% substrate).

Table 15. The apparent digestibility of nutrients (%) and digestible energy (DE; M]) from dry matter
diets and feces of the three experimental groups.

C SMT FMT

Average + SE Average + SE Average + SE

Ash (%) 51.07 £0.512 49.76 £1.35° 32.87 £0.58°
CP (%) 75.47 +0.20 78.254+040° 70.08 £ 0.61°¢

EE (%) 83.71 £043° 82.69 £0.477 7715+ 1.22°

CF (%) 21.62 +1.09 2 20.45+1.99 2 10.93 £1.09°

NEFE (%) 7253 +£0.22° 68.76 + 0.77 P 65.37 £ 0.46 ¢
DE (M]) 12.58 £0.03 ¢ 1251 £0.11¢ 11.69 + 0.07°

SE = standard error; means within the same row marked with different letters (a,b,c) differ significantly (p < 0.05);
C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate; CP, crude protein;
EE, ether extract; CF, crude fiber; NFE, nitrogen-free extract; DE, digestible energy.

The most pronounced difference was observed in the apparent digestibility of ash. The
FMT group showed 18.2% lower ash digestibility compared with the control group. Other
notable differences were found in the digestibility of crude fiber (approximately 10.69%),
nitrogen-free extract (approximately 7.16%), ether extract (approximately 6.56%), and
digestible energy (approximately 0.89 M]J), with the FMT group exhibiting the lowest values
and the control group the highest. The highest crude protein digestibility was recorded in
the SMT group, while the FMT group showed the lowest value, with a decrease of 8.17%.
The inclusion of non-fermented milk thistle (SMT) significantly improved (p < 0.05) the
digestibility of nitrogenous substances compared with both the C and FMT diets. The ratios
of crude protein content in the diet to average daily gain over the five monitored periods
are presented in Table 16.

Starting from 49 days of age, the conversion of crude protein to average daily gain was
most efficient in the control group, showing significant differences compared with both
groups fed the milk thistle-supplemented diets during the periods of 49-56 and 56-63 days
(p < 0.05). The group fed the FMT diet showed the lowest crude protein-to-gain ratios
across almost all observation periods, except for days 63-70, when the lowest ratio was
observed in the SMT group.

The results presented in Table 16 show a consistent trend of increasing crude protein
conversion with age across all groups. In the FMT group, protein conversion steadily
worsened throughout the entire observation period. In contrast, both the C and SMT
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groups showed some improvement in crude protein conversion during the last monitored
period (days 70-77) compared with the previous period (days 63-70). However, the values
in this final period did not reach those observed during days 56-63.

Table 16. The ratio of crude protein intake to average daily gain observed in rabbits fed the three
experimental diets.

C SMT FMT
n Average + SE n Average + SE n Average + SE
49-56 30 0.59 +0.02° 30 0.74 £ 0.052 30 0.73 £0.03 2b
56-63 30 0.69 +0.03P 30 0.84 +0.042 30 0.84 +0.052b
63-70 28 1.04 + 0.14 30 1.19 4+ 0.20 28 1.05 + 0.07
70-77 18 0.79 + 0.05 20 1.05 4 0.07 14 1.35 4 0.53

SE = standard error; n = number of individuals; means within the same row marked with different letters (a,b)
differ significantly (p < 0.05); C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle
+ 1% substrate.

3.3. Carcass Yield

The evaluated carcass yield parameters for the total observation period are presented
in Table 17. Up to 63 days of age, only a few rabbits reached slaughter weight (>2500 g):
two individuals in the C group, none in the SMT group, and two in the FMT group. These
data are presented in separate tables: carcass yield is presented in Table 17 for 70-day-old
rabbits and Table 18 for 77-day-old rabbits. Carcass yield was not determined for seven
rabbits in the C group, six in the SMT group, and seven in the FMT group, as they had not
reached slaughter weight even at 77 days and were classified as ungrown in Table 2.

Table 17. Carcass yield over the total observation time without considering age at slaughter.

C SMT FMT

Average + SE Average + SE Average + SE
Number of animals 23 24 23
Live weight (g) 2726.21 £+ 20.63 2735.67 £+ 88.77 2690.42 £ 85.69
Carcass weight (g) 1372.97 + 13.52 1360.13 + 16.83 1360.92 + 13.70
Liver (g) 112.62 +2.99 111.00 £+ 2.11 110.29 + 2.52
Head (g) 124.76 + 1.04 123.17 + 1.09 124.04 £ 1.25
Kidney with fat (g) 3552 +1.25 36.53 + 0.90 35.96 + 1.02
Carcass 1 (g) 1565.69 + 14.98 1551.13 + 17.99 1551.04 + 14.70
Carcass II (g) 1645.86 + 16.31 1630.83 + 18.70 1631.21 + 15.83
Carcass yield I (%) 61.60 = 0.57 60.73 4+ 0.48 61.74 4+ 0.40
Carcass yield II (%) 60.41 + 0.56 59.58 + 0.48 60.62 4+ 0.40

SE = standard error; C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle
+ 1% substrate.

In the control group (C) fed the diet without milk thistle, nearly 7% of rabbits reached
slaughter weight by 63 days, the same proportion as in the FMT group (Table 4). By
70 days, nearly half of the FMT group, almost one-third of the C group, and more than
one-third of the SMT group had reached slaughter weight. On day 77, the highest number
of slaughtered rabbits was recorded in the SMT group (nearly half of the group), followed
by 40% in the C group and just under one-quarter in the FMT group.

At 70 days of age, the highest number of slaughtered animals was recorded in the FMT
group (16 out of 30), while the lowest was in the SMT group (10 out of 30). Nevertheless,
carcass weight, Carcas I, and Carcas II during this period (Table 18) were highest in C and
lowest in SMT (p < 0.05).
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In the following week, however, a reversal occurred: in the FMT, only half as many
animals were slaughtered compared to the previous week. Of all individuals slaughtered
at 77 days of age, 42% belonged to the SMT. At the same time, SMT showed the highest
values in almost all selected carcass yield parameters (Table 19).

Table 18. Carcass yield at 70 days of age.

C SMT FMT
Average + SE Average + SE Average + SE
Number of animals 10 10 14

Live weight (g) 2763.33 £ 53.33 2673.00 £ 33.60 2675.00 £ 18.48
Carcass weight (g) 1404.44 + 27.06 @ 1289.10 + 35.50 P 1363.79 + 15.26 2P
Liver (g) 112.67 + 8.85 102.20 +2.95 106.93 + 3.46
Head (g) 126.33 + 1.31 121.00 + 2.72 124.71 +£1.97
Kidney with fat (g) 37.00 &+ 2.79 32.90 £ 1.35 34.64 +1.30
Carcass 1 (g) 1603.22 £ 29.64 2 1473.80 + 37.62P 1553.79 + 16.75 2P
Carcass 11 (g) 1680.44 £ 36.63 2 1545.20 + 37.74 P 1630.07 + 18.26 2P
Carcass yield I (%) 62.22 +1.53 58.95 £ 1.15 62.09 £ 0.62
Carcass yield II (%) 60.93 £ 1.52 57.80 £ 1.16 60.95 £ 0.62

SE = standard error; means within the same row marked with different letters (a,b) differ significantly (p < 0.05);
C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle + 1% substrate.

Table 19. Carcass yield at 77 days of age.

C SMT FMT
Average + SE Average + SE Average + SE
Number of animals 11 14 7

Live weight (g) 2737.50 + 23.03 2758.57 4+ 14.74 273429 +44.71
Carcass weight (g) 1372.92 + 18.23 1386.93 + 15.41 1368.29 + 36.79
Liver (g) 114.00 £ 2.93 118.07 £ 2.65 118.00 £+ 3.13
Head (g) 125.33 + 1.75 124.14 + 0.96 123.57 + 1.54
Kidney with fat (g) 35.58 + 1.91 39.14 + 1.07 38.57 + 1.56
Carcass 1 (g) 1565.50 + 20.84 1582.14 + 16.58 1559.86 + 38.70
Carcass II (g) 1647.83 + 21.67 1668.29 + 16.36 1648.43 + 40.59
Carcass yield I (%) 61.34 + 0.49 61.62 + 0.39 61.32 £ 0.53
Carcass yield II (%) 60.18 + 0.49 60.47 + 0.38 60.24 4+ 0.53

SE = standard error; C, control; SMT, 2% non-fermented milk thistle; FMT, 1% fermented milk thistle
+ 1% substrate.

For liver and kidney weights, the overall differences between groups were minimal
(Table 17). More noticeable variations appeared across individual monitoring intervals. At
70 days of age, the highest liver and kidney weights were recorded in the control group (C),
followed by the FMT group, and the lowest in the SMT group (Table 18). At 77 days, the
trend was reversed, with the highest weights recorded in the SMT group and the lowest in
the C group (Table 19). However, these differences were not significant.

4. Discussion

Silymarin, contained in milk thistle, exhibits several biological activities, including anti-
inflammatory, antioxidant, immunomodulatory, and hepatoprotective effects [33]. These
effects can be reflected in blood parameters. According to the authors of [34], blood samples
provide vital information on physiological status, and the levels of blood metabolites
recorded in our study are consistent with the findings reported by other researchers [35].
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Dietary supplementation with silymarin has been shown to positively influence blood
glucose, urea, creatinine, and reactive oxygen species (ROS), which are byproducts of
aerobic metabolism.

According to [33], intraperitoneal administration of silybin accelerates ribosome forma-
tion, thereby enhancing protein synthesis. Other antioxidant mechanisms of silymarin in-
clude the inhibition of ROS-producing enzymes and the stimulation of protective molecules
such as heat shock proteins. In our experiment, glutathione peroxidase (GSH-Px) activity
was higher in both non-stressed and noise-stressed rabbits fed a diet supplemented with
1% fermented milk thistle and 1% substrate (FMT) compared to rabbits fed the control (C)
and 2% non-fermented milk thistle (SMT) diets.

Analysis of blood parameters further revealed that the interaction between diet and
stress exposure affected antioxidant and metabolic markers. In particular, the total antioxi-
dant status (TAS) and free fatty acid (FFA) levels were elevated in noise-stressed FMT-fed
rabbits, reflecting increased lipid mobilization. Glucose (GLU) concentration was lower in
non-stressed control rabbits than in stressed animals, indicating stress-related metabolic ad-
justments. Collectively, these findings suggest that fermented milk thistle supplementation
strengthens antioxidant defense and modulates energy metabolism under stress conditions,
complementing the observed increases in GSH-PX, total protein, and albumin.

The crude protein concentration in plasma was higher in both the SMT and FMT
groups than in the control group, supporting previous reports of enhanced protein syn-
thesis [33]. In stressed rabbits fed the control diet, urea, cholesterol, and triacylglycerol
(TAG) levels were elevated compared with non-stressed control animals, whereas in the
noise-stressed FMT group, albumin, total protein, glucose, urea, creatinine, cholesterol, and
TAG levels were comparatively maintained, indicating that milk thistle supplementation
mitigated the negative effects of stress [22,24,32]. Both the SMT and FMT groups appeared
to have greater protein availability for anabolic processes, including muscle fiber synthesis,
compared to the non-stressed controls.

These results are consistent with previous studies reporting that stress alters blood
metabolites by affecting energy and protein metabolism [2,36,37]. Noise stress negatively
impacts the auditory, nervous, endocrine, and cardiovascular systems [38], yet FMT sup-
plementation was found to support antioxidant defenses and preserve protein and energy
balance. Our findings align with other studies on oxidative stress responses, where en-
hanced GSH-Px activity was observed in animals supplemented with silymarin under
stress conditions [39].

The authors of [40] found that heat stress decreases crude protein and calcium in
the blood of growing rabbits while increasing glucose and cholesterol levels. Elevated
creatinine levels have also been associated with possible muscle damage [41]. A previous
study [42] showed that heat-stressed rabbits exhibit stronger physiological stress responses
than noise-exposed rabbits, although the latter display increased creatine kinase levels,
indicating muscular strain. In our experiment, noise-stressed rabbits exhibited increased
levels of total protein, glucose, creatine kinase, and creatinine, but these changes were less
pronounced than those reported by [40], indicating a milder effect of noise stress.

A study [43] on New Zealand White rabbits demonstrated that heat stress reduces
final body weight and weight gain while increasing the feed conversion ratio. In our
study, stressed rabbits exhibited decreased crude protein but elevated creatinine, urea, and
aspartate transaminase levels, as well as reduced GSH-Px activity.

It can be concluded that long-term exposure to elevated ambient temperatures induces
oxidative and heat stress, impairing physiological functions. In our experiment, the group
receiving 2% milk thistle achieved the highest average daily gain, confirming its positive
effect on growth during the early fattening phase. This finding is consistent with our
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previous study [44], in which rats fed milk thistle-enriched diets (10-20%) showed increased
daily weight gain compared with controls.

Across four of the five monitored periods, rabbits fed milk thistle exhibited the highest
average daily gain, consistent with the findings of [45]. That study compared 1% unfer-
mented and 0.5% fermented milk thistle and reported comparable performance between
the control and 1% groups, while the 0.5% group showed lower gain. Similarly, in our
experiment, the 1% FMT group had the lowest daily weight gain, though the differences
were not statistically significant (p > 0.05).

The authors of [45] also observed the highest feed intake in rabbits receiving 0.5%
fermented milk thistle and the lowest in those receiving 1% unfermented milk thistle. We
found a similar pattern, with the highest feed intake observed in the 2% SMT group and
the lowest in the 1% FMT group, showing statistically significant differences. While [45]
found minimal differences in feed conversion ratios, our results showed greater variability
across treatments, although the differences were not statistically significant (p > 0.05). The
SMT group showed a statistically higher total feed intake than the FMT group.

In [45], the highest slaughter weight was recorded in the 0.5% FMT group, whereas
the lowest was observed in the 1% SMT group. In contrast, in our experiment, fermented
milk thistle did not result in superior slaughter or carcass weight.

Similarly, Ref. [46] reported that Silybum marianum supplementation improved growth,
feed conversion, and immune function in quails, showing increased feed intake, body
weight, and relative liver weight. These results partially correspond with our findings,
except that improved feed conversion efficiency was not confirmed. Digestibility of selected
nutrients was reduced in the milk thistle-supplemented groups, particularly in the FMT
group. Comparable improvements in growth parameters—such as weight gain and specific
growth rate—were also reported in fish species fed Silybum marianum extract [46,47].

5. Conclusions

Dietary supplementation with milk thistle, in both fermented and non-fermented
forms, demonstrated beneficial effects on the antioxidant status and metabolic balance
of rabbits, particularly under non-stress conditions. Fermented milk thistle enhanced
antioxidant enzyme activity and mineral homeostasis, while non-fermented milk thistle
improved growth and carcass yield in later fattening stages. Although no consistent effects
on production parameters were observed across treatments, milk thistle supplementation
contributed to more stable physiological responses and appeared to mitigate the impact
of environmental stress. These findings suggest that the inclusion of milk thistle in rabbit
diets represents a promising natural strategy to support health, welfare, and sustainable
productivity under varying environmental conditions.

Author Contributions: Conceptualization, H.D. and A.D.; methodology, PH. and J.O. Investigation,
D.B.B. and A.B.; data curation, A.B.; writing—original draft preparation, D.B.B.; writing—review and
editing, A.D.; visualization M.B.; supervision, P.H.; project administration, H.D. All authors have
read and agreed to the published version of the manuscript.

Funding: The research was financially supported by projects TQ03000006 Development of a new
modification of milk thistle in horse nutrition (TA CR 2. VS SIGMA DC2).

Institutional Review Board Statement: All animal procedures were approved by the [Expert Com-
mittee for Ensuring the Welfare of Experimental Animals of the Czech University of Life Sciences
Prague] (approval No. [MZE-13122/2022-13114] Approval Date: 11 March 2022) and were conducted
in accordance with Act No. 246/1992 Coll., the Czech Act on the Protection of Animals against
Cruelty (adopted by the Czech National Council on 15 April 1992; as amended). This Act provides
the fundamental legal framework for animal welfare in the Czech Republic, regulating conditions



Animals 2025, 15, 3582 23 of 25

under which animals are kept and transported, and addressing humane killing or euthanasia of sick,
exhausted, or injured animals to prevent unnecessary suffering; it also underpins further regulations,
including those governing animals at public events and competitions, and is applied in oversight of
keeping and transport conditions.

Informed Consent Statement: Not applicable.
Data Availability Statement: Data are available.

Conflicts of Interest: Author Jaroslav Ondra¢ek was employed by the company BIOKRON s.r.o.
The remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1. Frunza, G.; Murariu, O.C.; Ciobanu, M.-M.; Radu-Rusu, R.-M.; Simeanu, D.; Boisteanu, P.-C. Meat quality in rabbit (Oryctolagus
cuniculus) and hare (Lepus europaeus Pallas)—A nutritional and technological perspective. Agriculture 2023, 13, 126. [CrossRef]

2. Liang, Z.-L.; Chen, E; Park, S.; Balasubramanian, B.; Liu, W.-C. Impacts of heat stress on rabbit immune Function, endocrine, blood
biochemical changes, antioxidant capacity and production performance, and the potential mitigation strategies of nutritional
intervention. Front. Vet. Sci. 2022, 9, 906084. [CrossRef]

3.  Cullere, M,; Dalle Zotte, A. Rabbit meat production and consumption: State of knowledge and future perspectives. Meat Sci.
2018, 143, 137-146. [CrossRef]

4. Mancini, S.; Paci, G. Probiotics in rabbit farming: Growth performance, health status, and meat quality. Animals 2021, 11, 3388.
[CrossRef]

5. Mancini, S.; Mattioli, S.; Nuvoloni, R.; Pedonese, F.; Dal Bosco, A.; Paci, G. Effects of garlic powder and salt additions on fatty
acids profile, oxidative status, antioxidant potential and sensory properties of raw and cooked rabbit meat burgers. Meat Sci.
2020, 169, 108226. [CrossRef]

6. Dalle Zotte, A.; Szendrd, Z. The role of rabbit meat as functional food. Meat Sci. 2011, 88, 319-331. [CrossRef]

7. Yan, Y,; Li, M. Feeding Management Technology of breeding rabbit in hot climate. In Proceedings of the MEKARN Work-
shop 2008: Organic Rabbit Production from Forages, Can Tho City, Vietnam, 25-27 November 2008. Available online:
http:/ /hostcambodia.com/mekarn/prorab/yan.htm (accessed on 26 November 2025).

8.  Lara, LJ.; Rostagno, M.H. Impact of heat stress on poultry production. Animals 2013, 3, 356-369. [CrossRef]

9.  Jimoh, O.A.; Ewuola, E.O. Thermophysiological traits in four exotic breeds of rabbit at least temperature-humidity index in
humid tropics. J. Basic Appl. Zool. 2018, 79, 18. [CrossRef]

10. Bodnar, K.; Makra, L.; Bodnar, G.; Privoczki, Z.I1. A review on environmental management of rabbit production. Lucr. Stiintifice
2019, 21, 5-12.

11. Saxmose Nielsen, S.; Alvarez, ].; Bicout, D.J.; Calistri, P; Depner, K.; Drewe, J.A.; Garin-Bastuji, B.; Gonzales Rojas, J.L.; Gortazar
Schmidt, C.; Michel, V,; et al. Stunning methods and slaughter of rabbits for human consumption. EFSA J. 2020, 18, e05927.
[CrossRef] [PubMed]

12.  Khalil, H.A.; Kishik, W.H.; Tharwat, R.A.; Yaseen, M.A.; Ayoub, M.A.A. Physiological body reactions and semen characters of
rabbit bucks as affected by breed and vitamin C supplementation under Egyptian summer conditions. J. Anim. Poult. Fish Prod.
2015, 4, 17-23. [CrossRef]

13.  Szendrd, Z.; Papp, Z.; Kustos, K. Effect of ambient temperature and restricted feeding on the production of rabbit does and their
kits. Acta Agrar. Kaposvdriensis 2018, 22, 1-17. [CrossRef]

14. Marai, LEM.; Haeeb, A.AM.; Gad, A.E. Biological functions in young pregnant rabbit does as affected by heat stress and lighting
regime under subtropical conditions of Egypt. Trop. Subtrop. Agroecosyst. 2007, 7, 165-176.

15. Milligan, S.R.; Sales, G.D.; Khirnykh, K. Sound levels in rooms housing laboratory animals: An uncontrolled daily variable.
Physiol. Behav. 1993, 53, 1067-1076. [CrossRef]

16. Jirkof, P.; Chourbaji, S.; Ott, S.; Busch, M.; Dammann, P.; Finger-Baier, K.; Gerold, S.; Haemisch, A.; Osterkamp, A.; Warncke, G.R.
Species-Specific Housing of Laboratory Rabbits. Specialist Information from the Committee for Humane Laboratory Animal Hous-
ing (GV-SOLAS) and the Laboratory Animal Working Group (TVT). 2020; 15p. Available online: https://www.gv-solas.de/wp-
content/uploads/2020/03/2021-03_Species-specific_housing_of_laboratory_rabbits.pdf (accessed on 26 November 2025).

17.  Marai, LEM.; Rashwan, A.A. Rabbits behavioural response to climatic and managerial conditions—A review. Arch. Anim. Breed.
2004, 47, 469-482. [CrossRef]

18.  Dockalova, H.; Baholet, D.; Batik, A.; Zeman, L.; Horky, P. Effect of milk thistle (Silybum marianum) seed cakes by horses subjected

to physical exertion. J. Equine Vet. Sci. 2022, 113, 103937. [CrossRef]


https://doi.org/10.3390/agriculture13010126
https://doi.org/10.3389/fvets.2022.906084
https://doi.org/10.1016/j.meatsci.2018.04.029
https://doi.org/10.3390/ani11123388
https://doi.org/10.1016/j.meatsci.2020.108226
https://doi.org/10.1016/j.meatsci.2011.02.017
http://hostcambodia.com/mekarn/prorab/yan.htm
https://doi.org/10.3390/ani3020356
https://doi.org/10.1186/s41936-018-0031-9
https://doi.org/10.2903/j.efsa.2020.5927
https://www.ncbi.nlm.nih.gov/pubmed/32626482
https://doi.org/10.21608/japfp.2015.7425
https://doi.org/10.31914/aak.2272
https://doi.org/10.1016/0031-9384(93)90361-I
https://www.gv-solas.de/wp-content/uploads/2020/03/2021-03_Species-specific_housing_of_laboratory_rabbits.pdf
https://www.gv-solas.de/wp-content/uploads/2020/03/2021-03_Species-specific_housing_of_laboratory_rabbits.pdf
https://doi.org/10.5194/aab-47-469-2004
https://doi.org/10.1016/j.jevs.2022.103937

Animals 2025, 15, 3582 24 of 25

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pebriansyah, A.; Silberové, P.; LukeSovd, D.; Dokoupilova, A.; Janda, K. Feed consumption, carcass evaluation and growth
performance of broiler rabbits fed different levels and processing methods of milk thistle (Silybum marianum) supplement.
In Proceedings of the Tropentag 2016: “Solidarity in a Competing World—Fair Use of Resources”, Vienna, Austria, 18-21
September 2016. Available online: https:/ /www.tropentag.de /2016 /abstracts/links /Pebriansyah_bOLY4K9K.pdf (accessed on
26 November 2025).

Bencze-Nagy, ].; Strifler, P.; Horvéth, B.; Such, N.; Farkas, V.; Dublecz, K.; P4l, L. Effects of dietary milk thistle (Silybum marianumnt)
supplementation in ducks fed mycotoxin-contaminated diets. Vet. Sci. 2023, 10, 100. [CrossRef] [PubMed]

Surai, P.F. Silymarin as a natural antioxidant: An overview of the current evidence and perspectives. Antioxidants 2015, 4, 204-247.
[CrossRef] [PubMed]

Tajmohammadi, A.; Razavi, B.M.; Hosseinzadeh, H. Silybum marianum (Milk thistle) and its main constituent, silymarin, as a
potential therapeutic plant in metabolic syndrome: A review. Phytother. Res. 2018, 32, 1933-1949. [CrossRef] [PubMed]

De Souza, C.O.; Serrao Peragoli, M.T.; Weel, I.C.; Bannwart, C.F.; Romao, M.; Nakaira-Takahagi, E; Lopes de Medeiros, L.T.;
Guimaraes da Silva, M.; Peragoli, ].C. Hepatoprotective and anti-inflammatory effects of silibinin on experimental preeclampsia
induced by I-NAME in rats. Life Sci. 2012, 91, 159-165. [CrossRef]

Anthony, K.; Saleh, M. Free radical scavenging and antioxidant activities of silymarin components. Antioxidants 2013, 2, 398-407.
[CrossRef]

Gillessen, A.; Schmidt, H.H.]. Silymarin as supportive treatment in liver diseases: A narrative review. Adv. Ther. 2020, 37,
1279-1301. [CrossRef]

Hassan, M.A.E.; Ragab, M.A_; Shazly, S.A.; Ahmed, M.E.; El-Kholany, M.E.; El-Raghi, A.A. Feasible feeding strategies for
sustainable management of severe heat-stress conditions: Effect of milk thistle extract on growth performance and health status
of newly weaned rabbits. |. Anim. Anim. Nutr. 2024, 108, 778-791. [CrossRef]

Ma, L.; Wang, L.; Zhang, Z.; Xiao, D. Research progress of biological feed in beef cattle. Animals 2023, 13, 2662. [CrossRef]
Kosina, P.; Dokoupilova, A.; Janda, K.; Sladkova, K.; Silberova, P.; Pivodova, V.; Ulrichova, J. Effect of Silybum marianum fruit
constituents on the health status of rabbits in repeated 42-day fattening experiment. Anim. Feed. Sci. Technol. 2017, 223, 128-140.
[CrossRef]

Cunniff, P.A.; Horwitz, W. Official Methods of Analysis of AOAC International, 16th ed.; AOAC International: Arlington, VA, USA,
1995; 1904p. Available online: https:/ /www.amazon.com/Official-Methods-Analysis-International-Binders /dp /0935584544
(accessed on 26 November 2025).

Van Soest, PJ. Collaborative study of acid-detergent fiber and lignin. J. Assoc. Off. Anal. Chem. 1973, 56, 781-784. [CrossRef]
Zeman, L.; Skiivankov4, V.; Volek, Z.; Klapil, L.; Klecker, D. Potfeba Zivin a Tabulky VyZivné Hodnoty Pro Krdliky; Mendelova
zemédélska a lesnickd univerzita v Brné: Brno, Czech Republic, 2005; 62p.

ISO 13906; Animal Feeding Stuffs—Determination of Acid Detergent Fibre (ADF) and Acid Detergent Lignin (ADL) Contents.
ISO: Geneva, Switzerland, 2008.

Abenavoli, L.; 1zzo, A.A.; Mili¢, N.; Cicala, C.; Santini, A.; Capasso, R. Milk thistle (Silybum marianumy): A concise overview on its
chemistry, pharmacological, and nutraceutical uses in liver diseases. Phytother. Res. 2018, 32, 2202-2213. [CrossRef]
Mohammadi, S.; Asbaghi, S.; Afrisham, R.; Farrokhi, V.; Jadidi, Y.; Mofidi, F.; Ashtary-Larky, D. Impacts of supplementation
with silymarin on cardiovascular risk factors: A Systematic review and dose-response meta-analysis. Antioxidants 2024, 13, 390.
[CrossRef] [PubMed]

Kim, D.H.; Kim, K.H.; Nam, L.S.; Lee, S.S.; Choi, C.W.; Kim, W.Y.; Kwon, E.G.; Lee, K.Y.; Lee, M.].; Oh, Y.K. Effect of indigenous
herbs on growth, blood metabolites and carcass characteristics in the late fattening period of hanwoo steers. Asian-Australas. J.
Anim. Sci. 2013, 26, 1562-1568. [CrossRef] [PubMed]

Elwasife, K.; Abdel Aziz, I.; Shabat, M.; Shahwan, O.; El Hamidi, A.M. Effects of noise on rabbit’s blood. Eur. ]. Biophys. 2015, 3,
10-13. [CrossRef]

Lazar, M.; Radu Rusu, R.-M.; Pavel, G.; Lazar, R. Biochemical and metabolic responses of rabbits (Oryctolagus cuniculus) to
moderate and chronic stress. Sci. Pap. ]. Vet. Ser. 2024, 67, 15-22. [CrossRef]

Hahad, O.; Bayo Jimenez, M.T.; Kuntic, M.; Frenis, K.; Steven, S.; Daiber, A.; Miinzel, T. Cerebral consequences of environmental
noise exposure. Environ. Int. 2022, 165, 107306. [CrossRef] [PubMed]

Demirel, R.; Mollaoglu, H.; Yesilyurt, H.; Ucok, K.; Aycicek, A.; Akkaya, M.; Geng, A.; Uygur, R.; Dogan, M. Noise Induces
Oxidative Stress in Rat. Electron. |. Gen. Med. 2009, 6, 20-24. [CrossRef] [PubMed]

Ondruska, L.; Rafay, J.; Okab, A.B.; Ayoub, M.A.; Al-Haidary, A.A.; Samara, E.M.; Parkanyi, V.; Chrastinova, L.; Jurcik, R,;
Massanyi, P; et al. Influence of elevated ambient temperature upon some physiological measurements of New Zealand White
rabbits. Vet. Med. 2011, 56, 180-186. [CrossRef]

Marder, J.; Eylath, U.; Moskovitz, E.; Sharir, R. The effect of heat exposure on blood chemistry of the hyperthermic rabbit. Comp.
Biochem. Physiol. A Comp. Physiol. 1990, 97, 245-247. [CrossRef]


https://www.tropentag.de/2016/abstracts/links/Pebriansyah_b0LY4K9K.pdf
https://doi.org/10.3390/vetsci10020100
https://www.ncbi.nlm.nih.gov/pubmed/36851404
https://doi.org/10.3390/antiox4010204
https://www.ncbi.nlm.nih.gov/pubmed/26785346
https://doi.org/10.1002/ptr.6153
https://www.ncbi.nlm.nih.gov/pubmed/30015401
https://doi.org/10.1016/j.lfs.2012.06.036
https://doi.org/10.3390/antiox2040398
https://doi.org/10.1007/s12325-020-01251-y
https://doi.org/10.1111/jpn.13930
https://doi.org/10.3390/ani13162662
https://doi.org/10.1016/j.anifeedsci.2016.11.013
https://www.amazon.com/Official-Methods-Analysis-International-Binders/dp/0935584544
https://doi.org/10.1093/jaoac/56.4.781
https://doi.org/10.1002/ptr.6171
https://doi.org/10.3390/antiox13040390
https://www.ncbi.nlm.nih.gov/pubmed/38671838
https://doi.org/10.5713/ajas.2013.13132
https://www.ncbi.nlm.nih.gov/pubmed/25049742
https://doi.org/10.11648/j.ejb.20150302.11
https://doi.org/10.61900/SPJVS.2024.04.03
https://doi.org/10.1016/j.envint.2022.107306
https://www.ncbi.nlm.nih.gov/pubmed/35635962
https://doi.org/10.29333/ejgm/82631
https://www.ncbi.nlm.nih.gov/pubmed/38314803
https://doi.org/10.17221/3150-VETMED
https://doi.org/10.1016/0300-9629(90)90179-V

Animals 2025, 15, 3582 25 of 25

42.

43.

44.

45.

46.

47.

De la Fuente, J.; Diaz, M.; Ibafiez, M.; de Chavarri, E.G. Physiological response of rabbits to heat, cold, noise and mixing in the
context of transport. Anim. Welf. 2007, 16, 41-47. [CrossRef]

Mutwedu, V.B.; Nyongesa, A.W.; Oduma, J.A.; Kitaa, ]. M.; Mbaria, ].M. Thermal stress causes oxidative stress and physiological
changes in female rabbits. J. Therm. Biol. 2021, 95, 102780. [CrossRef]

Dockalova, H.; Horky, P.; Zeman, L.; Skladanka, J. Influence of milk thistle pressed parts on rats liver histology. Potravin. Slovak J.
Food Sci. 2018, 12, 33-39. [CrossRef]

Pebriansyah, A.; Lukesovd, D.; Knizkov4, I.; Silberova, P.; Kunc, P. The Effect of natural phytoadditive Silybum marianum on
performance of broiler rabbits. Sci. Agric. Bohem. 2019, 50, 40—45.

Khazaei, R.; Seidavi, A.; Bouyeh, M. A review on the mechanisms of the effect of silymarin in milk thistle (Silybum marianum) on
some laboratory animals. Vet. Med. Sci. 2022, 8, 289-301. [CrossRef]

Abdel-Latif, HM.R.; Shukry, M.; Noreldin, A.E.; Ahmed, H.A ; El-Bahrawy, A.; Ghetas, H.A.; Khalifa, E. Milk thistle (Silybum
marianum) extract improves growth, immunity, serum biochemical indices, antioxidant state, hepatic histoarchitecture, and
intestinal histomorphometry of striped catfish, Pangasianodon hypophthalmus. Aquaculture 2023, 562, 738761. [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/10.1017/S0962728600030918
https://doi.org/10.1016/j.jtherbio.2020.102780
https://doi.org/10.5219/864
https://doi.org/10.1002/vms3.641
https://doi.org/10.1016/j.aquaculture.2022.738761

	Introduction 
	Materials and Methods 
	Experimental Design 
	Animal Sampling 
	Production Parameters 
	Blood Samples 
	Chemicals 
	Extraction of Flavonolignans from Diet and Feces Samples 
	Antioxidant Capacity 
	Glutathione Peroxidase (GPx) Activity Assay 
	Heat Stress 
	Noise Stress 
	Statistical Analysis 

	Results 
	Biochemical Blood Indicators 
	Production Analysis 
	Carcass Yield 

	Discussion 
	Conclusions 
	References

