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Abstract: This study aimed to investigate the effects of yeast cultures on the antioxidant capacity,
rumen fermentation, and growth performance of goats in the summer. An in vitro experiment was
conducted using yeast culture supplemented at 0% (control), 0.6% (test 1), 0.9% (test 2), and 1.2%
(test 3) of the dry matter (DM) weight of the basal diet. With a 24 h fermentation, the pH value;
the total short-chain fatty acid, acetic acid, propionic acid, and butyric acid concentrations; and the
degradability of the DM, the neutral detergent fiber, and the acid detergent fiber were significantly
increased (p < 0.05) in tests 2 and 3 compared with the control group. In the feeding experiment,
thirty-six crossbreed goats aged 3.0 ± 0.5 months with a body weight of 11.08 ± 1.41 kg were divided,
and the yeast culture was supplemented at 0% (control), 0.90% (test 1), and 1.20% (test 2) of the
basal diet. Similar effects on rumen fermentation parameters were obtained in test 1 and 2 groups
compared to the in vitro experiment. Moreover, the dry matter intake, average daily gain, serum
total antioxidant capacity, and the activities of total superoxide dismutase and glutathione peroxidase
were significantly higher and the malondialdehyde concentration was significantly lower (p < 0.05)
in tests 1 and 2 compared with the control. The results indicated that yeast culture (0.90%) could
improve the antioxidant capacity, rumen fermentation, and growth performance of goats in summer.
The optimal supplementation concentration is 0.90% DM.

Keywords: yeast culture; summer; oxidative stress; in vitro; in vivo; rumen fermentation; growth
performance

1. Introduction

In summer, the heat generated by the animal body can not be effectively dispersed
to the environment under environmental conditions with high temperatures, increasing
the internal heat load of the body. As a result, heat stress will occur [1]. Heat stress is
a series of non-specific physiological reactions the body makes after high-temperature
stimulation [2]. As one of the most heat-resistant species, goats have a wide isothermal
zone and high heat resistance. However, too high of an ambient temperature and humidity
will still cause heat stress [3,4]. A previous study showed that heat stress would occur
when goats were exposed to an ambient temperature of 33.3 ± 1.2 ◦C, a relative humidity
of 72.3 ± 2.3%, and a temperature and humidity index of 84.76 for 15 days [5]. During
the heat stress period, the body’s antioxidant enzyme system is damaged, and many
reactive oxygen species that cannot be cleared in time cause an oxidation–antioxidant
imbalance in the body, resulting in an oxidative stress reaction [4]. Studies have shown that
heat stress can reduce the activity of SOD, GSH-Px, and T-AOC in the serum of Tibetan
sheep and goats; impair their antioxidant function; and induce oxidative stress in the
body [6]. Further studies have found that oxidative stress can cause lipid oxidation and
DNA damage; and the excessive free radicals produced can induce enteric-related diseases
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such as enteritis and increased intestinal mucosal permeability in vivo and can reduce
animal growth performance [7]. The rumen, an essential digestive organ of ruminants,
maintains physiological health and growth performance [4]. Under normal physiological
conditions, bacteria, fungi, protozoa, and other microorganisms inhabiting the rumen are
in dynamic balance [8]. However, under heat stress, the abundance of fibrolytic bacteria in
the rumen decrease, which reduces the ability of the rumen to decompose fibers and affects
the production of rumen VFA [8]. A previous study reported that the concentration of total
fatty acids, acetic acid, and propionic acid in the rumen of heat-stressed goats decreased
significantly [9]. In intensive goat farming, growth performance is a crucial aspect and is of
great significance for the operation and management of the farming industry. Dry matter
intake (DMI) is the most direct indicator of the growth performance of animals [9]. Goats
were kept in a hot environment for a few days, and the DMI decreased significantly [9–11].
Previous studies reported that the digestibility of dry matter (DM), neutral detergent fiber
(NDF), and acidic detergent fiber (ADF) is significantly decreased both in dairy and meat
goats in hot environments [9,12–14]. Previous studies reported that heat stress significantly
reduced body weight in Malpura ewes; West African dwarf goats; Osmanabadi, Malabari,
and Salem Black goats; and Macheng–Boer crossed goats [9,14–17]. Therefore, we can
determine that heat stress has a systemic adverse effect on ruminants. As a result, seeking
an efficient and practical method to alleviate these adverse effects is necessary.

In high temperatures and in high-humidity climates in the summer, yeast can effec-
tively alleviate the adverse effects of heat stress on rumen fermentation and the growth
performance of goats [5,14,18–20]. Yeast culture is rich in amino acids, small molecular
peptides, oligosaccharides, vitamins, minerals, digestive enzymes, and growth-promoting
factors [21]. Therefore, it is widely used to regulate rumen function, and the effect is more
evident under heat stress conditions [22]. Yeast can enhance the DMI and digestibility
of NDF and ADF. Therefore, it significantly promotes the growth and development of
goats [23–25]. So far, few studies have been conducted on the application of yeast cultures
in heat-stressed goats. This study aimed to investigate the impact of yeast cultures on
the antioxidant capacity, rumen fermentation, and growth performance of goats in the
summer. We hypothesized that the yeast culture has a positive promoting effect on these
parameters. In that case, this study will provide scientific guidance for improving the
rumen fermentation and growth promotion of goats by yeast culture in the summer.

2. Materials and Methods
2.1. In Vitro Fermentation

Twelve goats, aged 3.0 ± 0.5 months with a body weight of 10.02 ± 1.29 kg, were
divided into a non-heat stress group (NHS) and a heat stress group (HS). These goats were
kept in two different thermally controlled (with an air-conditioner and an air humidifier)
rooms. For the NHS group, the room temperature and relative humidity were maintained
around 25.24 ◦C and 60.31%, respectively. For the HS group, the room temperature and
relative humidity were maintained around 33.32 ◦C and 74.45%, respectively. The goats
were fed twice daily (8:00 h; 17:00 h) with a 1.20 kg/day maintenance diet and had free
access to water. According to the LPHSIs [26], the temperature–humidity index (THI) of the
NHS and HS groups were 73.18 and 87.20, respectively. When the THI is greater than 82,
the goats are considered to be suffering from heat stress. The rectal and skin temperatures,
pulse, and respiratory rate were measured at 8:00, 12:00, and 17:00 every day during
the 14-day period. The rectal temperature was measured using a thermometer (Fangda
Pharmaceutical Machinery Co., Ltd., Hefei, China). The skin temperature was measured
with an infrared thermometer (Omega, GA, USA). A stethoscope (YuwellCo., Ltd., Shanghai,
China) was placed laterally in the thoracic area to monitor inhalation and exhalation and
was placed ventrally to measure the pulse. On day 14, blood samples were taken from
the jugular vein of all the goats of both the NHS and HS groups after 12 h of fasting.
The measurement of the HSP 70 family of genes in the blood lymphocytes of goats was
described by Peng et al. [27]. Peripheral blood lymphocytes were isolated from the whole
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blood using a kit provided by Solarbio Science & Technology (Beijing, China), following
the manufacturer’s instructions. The total RNA of the peripheral blood lymphocytes was
extracted using TRIzol® Reagent (Life Technologies, Carlsbad, CA, USA). A Revert Aid
First Strand cDNA Synthesis kit (Thermo Fisher Scientific, Waltham, MA, USA) was used
for the reverse transcription, following the manufacturer’s instructions. Primer 5.0 software
(Primers, ON, Canada) was used for the primer design. The primers were synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China). The primer sequences of the heat-stress-related
genes are shown in Table 1 An SYBR RT-PCR Kit (Bio-Rad, Hercules, CA, USA) and an ABI
QuanStudio TM6 flex real-time fluorescent quantitative PCR system (Life Technologies,
Carlsbad, CA, USA) were used for conducting the RT-PCR processes. The levels of relative
expression were quantified using the 2−∆∆Ct method [28], and each sample was analyzed
in sextuplicate to ensure the accuracy of the results. The blood samples were centrifuged
at 1800× g for 10 min to obtain the serum. The cortisol concentration was measured in
serum samples [29] using a cortisol assay kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China), following the manufacturer’s instructions.

Table 1. The primer sequences of heat stress-related genes.

Genes Primer Sequence Product
Length

Annealing
Temperature GenBank Accession No.

B-actin F: TCTGGCACCACACCTTCTAC
R: TCTTCTCACGGTTGGGCCTTG 102 60 XM 018039831.1

HSPA 1 F: CGACCAGGGAAACCGGCAC
R: CGGGTCGCCGAACTTGC 151 60 NM 005677146.3

HSPA 6 F: TCTGCCGCAACAGGATAAA
R: CGCCCACGCACGAGTAC 239 60 NM_001314233.1

HSPA 8 F: ACCTCTATTACCCGTGCCC
R: CTCTTATTCAGTTCCTTCCCATT 203 60 XM 018039831.1

HSP 70 F: TGGCTTTCACCGATACCGAG
R: GTCGTTGATCACGCGGAAAG 167 60 NM 001285703.1

On day 14, rumen contents were collected from all the goats of the HS group. The
rumen contents were collected using a negative pressure suction device, which we made,
consisting of a flexible stomach tube and a vacuum pump (Jin Teng GM-0.33A, Tianjin,
China). In order to avoid contamination of the rumen contents by saliva, the initial 20 mL
of the collected rumen contents were discarded. Then, the rumen contents were extrusion-
filtered through four layers of gauze. Next, 400 mg of dry feed substrates, 8.0 mL of rumen
fluid, 32.0 mL of McDougall’s buffer [30], and yeast culture were added to a 100 mL flask,
and all the flasks were prewarmed using a water bath at 39 ◦C. The commercial yeast
culture (Hubei Lucnova Biotechnology Co., Ltd., Huanggang, China) was supplemented at
concentrations of 0% (control), 0.60% (test 1), 0.90% (test 2), and 1.20% (test 3) of the DM
concentration in the basal diet for the in vitro incubation. Finally, CO2 was flushed through
the flask to remove oxygen, and the rubber stoppers and aluminum foil were used to close
the flask. Then, the flasks were shaken and incubated at 39 ◦C, 271× g for 24 h. Six flasks
were prepared for each group. The flasks were placed in an ice water bath for 15 min to
stop the incubation before the fermentation broth was collected. The above methods of
in vitro fermentation are as described by Xue et al. [5].

2.2. Feeding Experiment

This study was carried out in August and was approved by the Laboratory Animal
Welfare and Ethics Committee of Jilin Agricultural University (approval code number:
20211020001). There were thirty-six crossbred goats aged 3.0 ± 0.5 months with a body
weight of 11.08 ± 1.41 kg. According to the supplementation concentrations of yeast
culture, these goats were divided into three groups: 0% (control), 0.90% (test 1), and
1.20% (test 2). The yeast culture was provided by Hubei Lucnova Biotechnology Co., Ltd.
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(Huanggang, China). This product is characterized by a content of glutathione at 1.0 mg/g.
The goats were fed twice daily (8:00 h; 17:00 h) with a 1.20 kg/day maintenance diet and
had free access to water. The feeding experiments lasted for 30 days, and during this
period the temperature, relative humidity, and THI were 31.45 ± 2.1 ◦C, 71.23 ± 4.76%,
and 84.23 ± 2.32, respectively. The ingredients and nutritional concentrations of the diet
are given in Table 2. Five grams of chromium oxide were added as a marker to the diet of
days 27 to 29 to determine the digestibility of the feed [5].

Table 2. The ingredients and nutritional concentrations of the diet.

Ingredients Content %
(DM Basis) Nutritional Concentrations

Corn stalk 40 Crude protein % 10.55
Alfalfa 20 Digestible energy MJ/kg 9.07

Dry weed 20 Calcium % 0.55
Corn 11 Phosphor % 0.26

Soybean meal 3.2
Bran 2.8

Sunflower meal 2.4
NaCl 0.2

CaHCO3 0.2
* Premix 0.2

Total 100
* Premix contained per kg: FeSO4·7H2O, 40 mg; MnSO4·H2O, 20 mg; ZnSO4·7H2O, 40 mg; GuSO4·5H2O, 18 mg;
CoCl2·6H2O, 0.2 mg; and KI, 0.2 mg.

2.3. Measurements

Fecal samples were collected from the rectum of the goats during the afternoon and
morning feedings of days 28 to 30 and were put together from the same group. On the
morning of day 30, blood samples were collected. On the same day, the rumen contents
were collected by a negative pressure suction device after a morning feed of 4 h. Then,
the blood samples were centrifuged at 1800× g for 10 min, and four layers of gauze were
used to strain the rumen contents to obtain serum and rumen fluid. These samples were
immediately transferred to liquid nitrogen and then stored at −20 ◦C for further analysis.

The serum total antioxidant capacity (T-AOC) and glutathione peroxidase (GSH-Px)
were determined by colorimetric method. The activity of total superoxide dismutase
(T-SOD) was determined by the hydroxylamine method. The concentration of malondi-
aldehyde (MDA) was determined by the thiobarbituric acid method. All the above indices
were determined by test kits purchased from the Nanjing Jiengcheng Institute of Biological
Engineering (Nanjing, China). The measurement procedure was carried out according
to the instructions. The pH of the fermentation broth of the rumen fluids was measured
with a pH meter immediately after the rumen contents were collected (Lichen, Changsha,
China). The concentrations of acetic acid, propionic acid, and butyric acid were determined
as described by Yang et al. [31] using gas chromatography. In brief, the fermentation broth
of the rumen fluids was centrifuged at 12,000× g at 4 ◦C for 15 min, and the supernatants
were collected. In total, 0.20 mL of this supernatant was added to 1.00 mL of 25% (w/v)
metaphosphoric acid and centrifuged at 10,000 r/min for 10 min. Then, the mixed liquor
was injected into a Chrompack CP-Wax 52 fused silica column (30 m × 0.53 mm × 1.00 µm)
of gas chromatography equipped with a flame ionization detector (Model 2010, Shimazu,
Japan). As described by Wang and Wang [32], the activities of avicelase, CMCase, cellobiase,
and xylanase in the fermentation broth of the rumen fluid were measured. The dry matter
intake (DMI) was obtained by subtracting the weight of the remaining feed from the feed
weight provided each day. The body weights of the goats were measured weekly in the
morning before offering feed and water. As described by Zhang et al. [33], the DM, NDF,
and ADF of the feed, fermentation broth, and fecal samples were analyzed. The digestibility
of the DM, NDF, and ADF was calculated as follows [18]: (DM content in feedstuff-DM
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content in feces or fermentation broth)/DM content in feedstuff × 100 = DM digestibil-
ity (%); (NDF or ADF content in feedstuff-NDF or ADF content in feces or fermentation
broth)/NDF or ADF content in feedstuff × 100 = NDF or ADF digestibility (%).

2.4. Statistical Analysis

The “stats” package in R software (v.4.0.2) was used for the statistical analysis. The
physiological index, heat stress-related gene expression, and serum cortisol concentration
were compared between the NHS and HS groups using two-tailed Student’s t-tests. To
reveal significant differences in the parameters of antioxidant capacity, rumen fermentation,
and growth performance among different yeast culture-supplemented groups, two-way
analysis of variance (ANOVA) tests followed by a post hoc Dunn test for multiple pairwise
comparisons were performed. The p values of less than 0.05 were considered statistically
significant.

3. Results
3.1. Goats Meet the Criteria to Be Rumen Fluid Donors

The skin temperature, pulse, and respiratory rate were significantly increased (p < 0.05;
Figure 1A,C,D), while there was no significant difference in the rectal temperature (p > 0.05;
Figure 1B) of the HS group compared to the NHS group. The expression levels of HSPA 1 in
the blood and HSPA 70 in the rumen fluid were significantly increased (p < 0.05; Figure 1E),
while there were no differences (p > 0.05; Figure 1E) in the expression of HSPA 6 and
HSPA 8 in the blood of the HS goats compared to in the NHS goats. Moreover, the cortisol
concentrations in the serum were significantly increased (p < 0.01; Figure 1F) in the serum
of the HS goats compared to in the NHS goats.
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Figure 1. Physiological parameters and gene expression levels of goats as rumen fluid donors. The
(A) skin temperature, (B) rectal temperature, (C) pulse, and (D) respiratory rate of NHS and HS goats.
(E) The expression levels of HSPA 1, HSPA 6, and HSPA 8 in the blood and HSP 70 in the rumen
content of NHS and HS goats. (F) Cortisol concentrations in the serum of NHS and HS goats. The
data are expressed as the mean ± SEM; * p < 0.05, ** p < 0.01.

3.2. Heat Stress Adversely Affects the Antioxidant Capacity and Rumen Fermentation of Goats

In terms of the antioxidant parameters, the goats exhibited significantly lower (p < 0.05)
T-AOC, T-SOD, and GSH-Px activities but significantly higher (p < 0.05) MDA concen-
trations in the HS group than they exhibited in the NHS group. In terms of the rumen
fermentation parameters, the pH value; the concentrations of total SCFA, acetic acid, propi-
onic acid, and butyric acid; and the activities of acylase, CMCaes, cellobiase, and xylanase
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were significantly lower (p < 0.05) in the HS group than in the NHS group. Regarding
digestibility, the digestibility of DM, NDF, and ADF significantly decreased (p < 0.05) in the HS
group compared to that in the NHS group. The antioxidant capacity, rumen fermentation, and
digestibility parameters of goats in the NHS and HS groups are shown in Table 3

Table 3. Antioxidant capacity, rumen fermentation, and digestibility parameters of goats in NHS and
HS groups.

Parameters
Groups

SEM
NHS HS

Antioxidant parameters
T-AOC (U/mL) 4.07 2.55 * 0.47
T-SOD (U/mL) 91.23 64.73 * 5.13

GSH-Px (U/mL) 254.2 189.7 * 3.03
MDA (nmol/L) 6.08 10.14 * 1.11

Rumen fermentation parameters
pH 6.70 6.57 * 0.06

Total SCFA (mmol/L) 51.77 40.95 * 2.34
Acetic acid (mmol/L) 22.85 18.57 * 0.56

Propionic acid (mmol/L) 16.37 12.27 * 1.04
Butyric acid (mmol/L) 12.55 10.11 * 0.49

Avicelase (IU/mL) 2.37 1.45 * 0.21
CMCaes (IU/mL) 2.69 1.64 * 0.37

Cellobiase (IU/mL) 3.86 2.46 * 0.23
Xylanase (IU/mL) 5.91 4.35 * 0.22

Digestibility
DM (%) 58.44 43.86 * 1.52
NDF (%) 39.36 36.13 * 1.04
ADF (%) 39.27 36.37 * 1.17

The data are expressed as the mean and the SEM. In the same row, values with “*” are significantly different
(p < 0.05).

3.3. Rumen Fermentation with Yeast Culture Supplementation In Vitro

After 24 h of incubation, the pH and the concentrations of total SCFA, acetic acid,
propionic acid, and butyric acid in the fermentation broth were significantly increased
(p < 0.05) in tests 2 and 3 compared with the control and test 1. Moreover, the degradability
of DM, NDF, and ADF were significantly increased (p < 0.05) in tests 2 and 3 compared with
the control and test 1. The rumen avicelase, CMCase, cellobiase, and xylanase activities in
tests 2 and 3 were significantly higher (p < 0.05) in the fermentation broth of tests 2 and 3
compared with in the control and test 1. The fermentation parameters in the fermentation
broth with yeast culture incubation in vitro are shown in Table 4.

Table 4. Fermentation parameters in fermentation broth with yeast culture in vitro.

Parameters
Groups

SEM
Control Test 1 Test 2 Test 3

pH 6.55 6.54 6.71 * 6.70 * 0.07
SCFAs

Total SCFA (mmol/L) 40.45 42.26 51.01 * 50.60 * 2.21
Acetic acid (mmol/L) 18.33 18.64 22.37 * 21.52 * 1.06

Propionic acid (mmol/L) 12.11 13.25 16.09 * 16.77 * 1.22
Butyric acid (mmol/L) 10.01 10.37 12.55 * 12.31 * 0.67

Digestibility
DM (%) 41.89 42.42 57.21 * 55.20 * 5.26
NDF (%) 35.11 35.25 39.33 * 39.41 * 1.35
ADF (%) 36.88 36.74 39.23 * 39.76 * 0.78
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Table 4. Cont.

Parameters
Groups

SEM
Control Test 1 Test 2 Test 3

Enzymes
Avicelase (IU/mL) 1.32 1.37 2.14 * 2.09 * 0.18
CMCaes (IU/mL) 1.42 1.50 2.72 * 2.27 * 0.41

Cellobiase (IU/mL) 2.34 2.41 3.58 * 3.71 * 0.31
Xylanase (IU/mL) 4.18 4.23 6.55 * 5.96 * 0.27

The data are expressed as the mean and the SEM. In the same row, values with “*” are significantly different
(p < 0.05).

3.4. Effects of Diets Supplemented with Yeast Culture on the Serum Antioxidant Indices of Goats in
the Summer

The activities of serum T-AOC, T-SOD, and GSH-Px were significantly higher and the
concentration of MDA was significantly lower in tests 1 and 2 than in the control (p < 0.05)
in all the test groups. However, there was no significant difference in these indices between
the two test groups (p > 0.05). The serum antioxidant indices of goats with yeast culture
supplements in the summer are shown in Table 5.

Table 5. Serum antioxidant indices of goats with yeast culture supplementation in the summer.

Parameters
Groups

SEM
Control Test 1 Test 2

T-AOC (U/mL) 2.55 3.87 * 3.81 * 0.24
T-SOD (U/mL) 65.21 91.25 * 92.37 * 8.11

GSH-Px (U/mL) 191.0 247.7 * 250.2 * 4.32
MDA (nmol/L) 10.25 6.43 * 6.41 * 0.32

The data are expressed as the mean and the SEM. In the same row, values with “*” are significantly different
(p < 0.05).

3.5. Diets Supplemented with Yeast Culture Improved the Rumen Fermentation of Goats in
the Summer

The pH value in the rumen was significantly higher (p < 0.05) in the two test groups
than in the control. The total SCFA, acetic acid, propionic acid, and butyric acid concen-
trations significantly increased (p < 0.05) in tests 1 and 2 compared with in the control.
The rumen avicelase, CMCase, cellobiase, and xylanase activities were significantly higher
(p < 0.05) in tests 1 and 2 than in the rumen of the control group. The rumen fermenta-
tion parameters mentioned above were not significantly different among the test groups
(p > 0.05). The rumen fermentation parameters of goats with yeast culture supplementation
are shown in Table 6.

Table 6. Rumen fermentation parameters of goats with yeast culture supplementation in the summer.

Parameters
Groups

SEM
Control Test 1 Test 2

pH 6.57 6.75 * 6.77 * 0.03
SCFAs

Total SCFAs (mmol/L) 45.02 59.60 59.99 4.65
Acetic acid (nmol/L) 18.63 23.71 * 23.42 * 1.04

Propionic acid (nmol/L) 14.15 20.21 * 20.70 * 2.77
Butyric acid (nmol/L) 12.24 15.68 * 15.87 * 1.42

Enzymes
Avicelase (IU/mL) 1.34 2.45 * 2.87 * 0.26
CMCase(IU/mL) 1.36 2.56 * 2.54 * 0.32

Cellobiase (IU/mL) 2.44 5.14 * 5.11 * 1.33
Xylanase (IU/mL) 4.52 7.01 * 7.23 * 1.22

The data are expressed as the mean and the SEM. In the same row, values with “*” are significantly different
(p < 0.05).
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3.6. Effects of Diets Supplemented with Antioxidant Yeast Culture on the Growth Performance of
Goats in the Summer

The DMI, ADG, and digestibility of DM, NDF, and ADF were significantly increased
(p < 0.05) in tests 1 and 2 compared with in the control. However, there was no significant
difference in these indices between the two test groups (p > 0.05). The growth performance
parameters of goats with yeast culture supplements are shown in Table 7.

Table 7. The DMI, ADG, and the apparent digestibility of DM, NDF, and ADF of goats with yeast
culture supplementation in the summer.

Parameters
Groups

SEM
Control Test 1 Test 2

DMI (g) 512.3 533.1 * 533.8 * 8.44
ADG (g) 105.1 119.8 * 120.3 * 5.35
DM (%) 51.10 67.70 * 65.23 * 4.02
NDF (%) 40.11 56.33 * 54.41 * 6.20
ADF (%) 39.74 50.29 * 52.43 * 2.02

The data are expressed as the mean and the SEM. In the same row, values with “*” are significantly different
(p < 0.05).

4. Discussion

In recent years, intensive goat farming has bloomed in China. However, in most areas
that developed intensive goat farming, goats are primarily kept in naturally ventilated goat
houses, so heat stress inevitably occurs during hot summers [8,9,34]. The metabolic rate of
heat-stressed animals increases, increasing free radical production [35]. Studies have shown
that when animals are subjected to heat stress, the body’s antioxidant system is adversely
affected, resulting in oxidative stress [6,36–38] and ultimately causing damage to organism
tissue cells and biological macromolecules such as protein and nucleic acid [35]. This study
found that when goats suffered heat stress, the antioxidant capacity significantly decreased;
for example, the activities of T-AOC, T-SOD, and GSH-Px decreased, whereas the MDA
significantly increased. This result is consistent with previous reports. The rumen is a vital
digestive organ of ruminants. When goats are exposed to heat, their internal environment
changes significantly, and the fermentation function is adversely affected. In this study, the
results showed that the pH value; the concentrations of total SCFA, acetic acid, propionic
acid, and butyric acid; and the activities of acylase, CMCaes, cellobiase, and xylanase were
significantly decreased in heat-stressed goats compared to that of non-heat-stressed goats.
This result is consistent with previous studies. The decline in goat growth performance
will eventually reflect the adverse effects of heat stress and will lead to the deterioration of
the economic benefits of intensive goat farming [9].

Studies have shown that yeast culture can significantly increase plasma SOD and GSH-
Px enzyme activities and significantly decrease plasma MDA in cows with mastitis [39].
A few studies also showed that yeast culture significantly increased the activity of serum
SOD and T-AOC in each group and decreased the MDA concentration of cashmere goats
in the initial stage of the experiment in the high-concentrate group [40]. It was found that
the GSH-Px and SOD activities and T-AOC in the plasma of dairy goats were significantly
decreased under heat stress [41]. In this study, it was found that the contents of T-AOC, SOD,
and GSH-Px were significantly increased, while the contents of MDA were significantly
decreased in the serum of goats supplemented with yeast culture in a hot summer. These
results were consistent with previous studies. The antioxidant effect of yeast culture is
related to its rich nutrients, such as vitamins (vitamins C, E, and B2), glutathione, trace
elements (Zn, Se, Fe, Cu, Mn, etc.), enzymes, and coenzymes. Among them, vitamin
C, vitamin E, vitamin B2, and trace elements Se and Zn can be used as low molecular
reduction substances to have antioxidant effects. Glutathione can be used as a reducing
agent to promote a reduction in hydrogen peroxide, organic hydroperoxide, and lipid
hydroperoxide and reduce the oxidative damage of cells [42]. The yeast culture used in



Fermentation 2024, 10, 307 9 of 12

this study is rich in glutathione with a concentration of 1.0mg/g, which shows that this
product may effectively improve the antioxidant capacity of summer goats. Our follow-up
studies will confirm this point.

Dietary supplementation with yeast is one effective way to improve rumen fermenta-
tion [43]. The rumen pH significantly decreases when goats are exposed to high temper-
atures in the summer due to changes in physiological activities [9]. Studies have shown
that supplementing Saccharomyces cerevisiae or a mixture of Saccharomyces cerevisiae
and Clostridium butyricum to the diet of heat-stressed goats can significantly increase the
ruminal pH [5,18–20]. In this study, yeast culture supplementation can also increase the
goats’ rumen pH in a hot summer. It is consistent with the previously reported results of
supplementation with live saccharomyces cerevisiae in the diet of heat-stressed goats. It
is because yeast culture mainly promotes the growth of lactic acid utilization bacteria by
changing the structure of the microbial flora in the rumen, so that lactic acid produced
in the rumen can be utilized and the rumen pH can be increased to promote rumen fer-
mentation [21,42,44]. The supplementation with yeast or yeast culture can increase the
concentration of acetic acid, propionic acid, butyric acid, and total SCFA and reduce the
ratio of acetic acid to propionic acid [5,18–20,44]. This present study showed that the rumen
pH and SCFA production increased significantly after yeast culture supplemented the
goats’ diet in the hot summer. These results were consistent with previous studies. This
is due to the fact that yeast cultures can effectively increase the abundance of cellulolytic
bacteria in the rumen, such as Ruminococcus flavefaciens, Ruminococcus albus, and Fibrobacter
succinogenes, which contribute to the decomposition of crude fibers and enhance the abun-
dance of lactic acid utilization bacteria [21,44]. This study did not study the changes in
rumen microbial composition and function under heat stress conditions, nor did it compare
the changes in rumen microbial function and composition before and after yeast culture
supplementation. Therefore, the effects of rumen microorganisms on rumen fermentation
are all referred to in previous studies, and the changes of microorganisms will be studied
in our subsequent studies.

Studies have shown that supplementation with 1.5% and 3% yeast cultures in sheep
diets can promote the DMI [45]. The supplementation of yeast culture in a 3-month-old
calf’s diet significantly increased the calf’s DM, ADG, and feed efficiency and played a
positive role in the feeding and growth of calves [46]. The ADG of meat sheep can be
increased by adding yeast culture to the diet [47]. In this study, supplementation with yeast
culture significantly increased the DMI and ADG of goats. This result is similar to that of
previous studies above. This is because the yeast culture has a good flavor; adding it to the
diet improves the diet’s palatability and promotes the feeding of summer goats [48]. The
yeast culture contains a cellulase system, hemicellulase (xylanase), and neutral protease.
Hemicellulase and cellulase have higher activity, so they can help improve the digestion
of the cellulose components in the diet [48,49]. In this study, the activities of cellulolytic
enzymes were enhanced in the rumen by the supplementation of yeast culture, which is
speculated to be the primary cause of the increased digestibility of DM, NDF, and ADF.
It was confirmed that supplementing with yeast culture could improve the degradation
function of rumen fiber. In addition, the ability of rumen microorganisms to synthesize B
vitamins decreased in goats under high-temperature environments. However, vitamins
B1 and B2 and niacin concentrations in the rumen were significantly increased after yeast
culture was added [14]. Such an effect may be because yeast cells contain glucose, furan
mannose, and chitin, which can be used as fermentation substrates for rumen microbiota to
promote the production of B vitamins [46,50,51]. Moreover, the yeast is rich in B vitamins,
which also directly provide B vitamins for rumen microbiota and ruminants [52]. Since
vitamin B involves the processes of the nutritional metabolism, including the synthesis
of fatty acids, the catabolism of branched-chain amino acids, and gluconeogenesis [53,54],
adding yeast culture can promote the growth of goats by promoting the synthesis of rumen
B vitamins. In summary, yeast culture significantly affects the antioxidant performance,
rumen fermentation, and production performance of goats. Nevertheless, different yeast
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strains, dietary concentrate-to-concentrate ratios, and dietary types have significant differ-
ences in the feeding effects of yeast culture. Therefore, given the problems existing in the
feeding and specific growth stages of goats, the selection of excellent yeast strains and the
optimal addition amount of their cultures based on the targeted test results have a positive
guiding significance for intensive goat culture.

5. Conclusions

Supplementation with yeast culture could enhance the antioxidant capacity by prompt-
ing serum antioxidant enzyme activities; improving rumen fermentation by increasing
the pH value, SCFAs concentrations, and cellulolytic enzymes; and promoting growth
performance by elevating the digestibility of DM, DNF, and ADF. Thereafter, the growth
performances were enhanced by increasing the DMI and ADG of goats in the summer.
Supplementation with yeast culture can effectively alleviate the adverse effects of hot and
humid environments on the rumen fermentation of goats in the summer. The optimal
supplementation amount is 0.9%DM.
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