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Effects of yeast culture on growth performance, immune function, antioxidant capacity and hormonal profile in Mongolian ram lambs
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Introduction: As effective growth-promoters and immune-modulators, yeast fermented products have shown positive effects in ruminants. To explore the mechanisms of yeast culture promoting growth and regulating immunity, this study investigated the effects of yeast culture, and β-glucan as one of its main active ingredients, on the growth performance, immune function, antioxidant capacity and hormonal profile in Mongolian ram lambs.

Methods: One hundred and five Mongolian ram lambs were randomly assigned to 3 groups, with 35 replicates in each group. The dietary treatments were: total mixed ration (TMR) as the control group, TMR supplemented with 50–70 g/kg yeast culture (YC) or 75 mg/kg β-glucan. The test period was 137 days. All the sheep were weighed and 6 serum samples were collected in each group on days 0, 30, 60, 90 and 130, respectively.

Results: The results showed that both YC and β-glucan could promote the growth performance with increased average daily gain and decreased feed to weight gain ratio. Moreover, these two feed additives facilitated the immune function by selectively increasing the serum levels of lysozyme, IgG, IgM, INF-γ, TNF-α and some interleukins (IL-1β, IL-2, IL-6 and IL-8); ameliorated the antioxidant capacity with higher total antioxidant capacity and enzyme activities of catalase and glutathione peroxidase; altered the metabolism-associated hormone levels with higher growth hormone and thyroid hormone T3 but lower cortisol and insulin.

Discussion: In conclusion, both YC and β-glucan could improve the growth performance, immune function and antioxidant capacity, and regulate the serum levels of metabolism-associated hormones, thus exerting effects of promoting growth and improving immune function. Therefore, YC could be considered as a suitable potential alternative strategy to antibiotics and be used as an animal feed additive. This article provides a theoretical basis for the clinical application of such yeast fermented preparations in mutton sheep husbandry.
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Introduction

In mutton sheep breeding, factors such as weaning stress, sudden change of lamb diet, group transformation, vagaries of the weather and long-distance transport often cause high rates of lamb diarrhea, elimination or even death, resulting in great economic losses (1). To address these issues, various forage additives have been employed to decrease diarrhea morbidity and lamb mortality, and to promote animal growth, and among them antibiotics have been widely used in diets (2). However, the utilisition of in-feed antibiotics in animal husbandry is frequently questioned because they have been proved to lead to serious complications due to drug resistance and the presence of antibiotic residues in animal products (3). On the other hand, probiotics and their cultures are showing more and more promising effects on animal health and human well-being, and may be considered as suitable alternative strategies to antibiotics in recent years (4, 5).

It has been proved that yeast cultures (YCs) can improve ruminal fermentation, milk production and feed efficiency, as well as regulate the oxidative status and immune response of ruminants (6–8). Furthermore, YCs can ameliorate intestinal structure and stimulate intestinal development, and modify the ecological environment (9). As the main components of yeast cell wall, polysaccharides, including β-glucans and mannans, have been illustrated to play important roles in enhancing antioxidant capacity and immune response in sheep and other ruminants (10, 11). Yeast-derived β-glucan, which consists of a (1,3)-β-linked backbone and a small amount of (1,6)-β-linked side chains, is known for its immunostimulatory effects (12). In addition, it has been widely reported that β-glucan exerts obvious beneficial effects on the health and production performance of ruminants, especially on gut health, immunity, and ruminal development (13).

At present, many probiotic fermented products for ruminant animals have emerged, yet their quality and efficacy vary considerably. Yeast culture (YC) is a microbial fermentation preparation previously developed and already commercialized by our research group, fermented by two strains of highly active yeast with a defined medium through special fermentation process (14). The principal active components of the product are β-glucan, mannan, amino acids, polypeptides and organic acids, and its two main effects are to enhance immune function and digestive ability of the animals (15). The two dominant yeast strains (XR4 and BC) identified by our research group were isolated from naturally fermented milk in Inner Mongolia’s primitive grasslands and these two strains have shown significant advantages in cell biomass, enzyme production ability, and especially in the ability to secrete active substances (15). With XR4 and BC as fermentation strains, the contents of β-glucan and mannan in YC increased by 30 and 46%, respectively, after special processes such as liquid enrichment culture, solid-state fermentation, yeast wall breaking, and carrier adsorption (16). Therefore, to explore the mechanisms of YC as a potential alternative to growth-promoting and disease-preventing antibiotics, this study investigated the effects of oral administration of YC or one of its main functional factors, yeast-derived β-glucan, on the growth performance, immune function, antioxidant capacity and hormonal levels of Mongolian ram lambs.



Materials and methods


Preparation of yeast culture

YC is a previous research achievement of our group, which is a mixed microbial fermentation product produced by two strains of highly active yeast through liquid enrichment culture, solid anaerobic fermentation, yeast wall breaking and other processes (14, 15). Specifically, one strain of Saccharomyces cerevisiae (BC) and one strain of Candida utilis (XR4), sourced from the strain bank of the Ruminant Microecological Preparation Research Group of the School of Veterinary Medicine Inner Mongolia Agricultural University, were mixed in 1:1 ratio and injected into the solid fermentation material, with the proportion of the former being 10% of the total inoculum. The solid fermentation material consists of 20% wheat bran, 10% standardized flour, 35% corn, 7% corn protein powder, 8% rice bran meal, and 20% soybean meal. Water was added to make the water content finally reach 38% ~ 40%. The solid state stacking fermentation was performed in a laboratory setting, with a stacking height of 60–65 cm and a fermentation time of 72 h. The temperature of the material was recorded every 3 h during the fermentation process. When the fermentation time reached 24 h and the temperature reached 40°C or above, a turnover was initiated, which was followed by a continued stacking fermentation. Subsequently, the yeast culture was dried at a low temperature (45–50°C) and crushed and bagged. The main nutritional contents of YC are as follows: crude protein ≥18.0%, mannan ≥0.5%, crude ash ≤9.0%, moisture ≤12.0%, number of active yeast ≥106 cfu/g.



Animals and diet

Animal experiments were conducted by the guidelines for animal experiments of the National Institute of Animal Health of China (GB 14925-2010) and were approved by the Ethics Committee of Inner Mongolia Agricultural University (NND2021072). The study was conducted from April to August 2021 at the Mongolian mutton sheep farm in Urad Front Banner, Bayannur City, Inner Mongolia, China. The area is located at 108 ° 11 ′ E, 40 ° 28 ′ N, with an elevation of 1,023 meters and a dry climate. One hundred and five Mongolian ram lambs (age = 50 ± 5 days, BW = 12.74 ± 1.06 kg) were selected and randomly divided into three groups with 35 lambs in each group, including a control group and two treatment groups. The control group (Control) was fed a basic total mixed ration (TMR) diet. In addition, the sheep in the first treatment group were fed a TMR diet supplemented with yeast culture (YC, 50–70 g/kg), while β-glucan (BG, 75 mg/kg, produced by Angel Yeast Co., Ltd.) was added to TMR diet in the second treatment group. It is noteworthy that the diets of the three groups were prepared according to the feeding standard for mutton sheep in China (NY/T 816-2004), and the energy and nutrient levels were consistent among the 3 groups. The ingredients and chemical composition of the diets are shown in Table 1. The test period was 137 days, including 7 days of a pre-trial period and 130 days of a trial period. During the pre-trial period, all sheep were dewormed and vaccinated, the barns and pens were disinfected with the same protocol. Each sheep was housed in a separate pen, equipped with a feed trough and water dispenser. In addition, the sheep were fed twice per day, at 06:00 and 18:00, free access to water.



TABLE 1 Ingredient composition and nutrient levels of diets (dry matter basis).
[image: Table1]



Determination method of dietary nutrient levels

Dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), calcium (Ca) and phosphorus (P) in the diet were measured according to the Chinese national standards GOST 31640-2012, GB/T 6432-2018, GB/T 20806-2006, NY/T 1459-2007, GB/T 6436-2018 and GB/T 6437-2018, respectively. Digestible energy (DE) was calculated by Refs3000 software.



Sample collection and detection


Determination of growth performance indexes

Feeding amounts and residual amounts of each sheep were accurately weighed every day, and the average daily feed intake (ADF) was calculated. All the 105 tested lambs were weighed before feeding in the mornings at 0, 30, 60, 90 and 130 days of the trial period. The average daily weight gain (ADG) and feed to weight gain ratio (F/G) was calculated (ADF / ADG), and the calculation formulas are provided below.

Average initial body weight (kg) = sum of initial weight of sheep in each group/number of sheep in each group;

Average final body weight (kg) = sum of final weights of sheep in each group /number of sheep in each group;

ADF (kg/day) = sum of feed intake of sheep in each group/number of days of the experiment;

ADG (g/day) = sum of the stage weight gain of sheep in each group/number of sheep in each group.



Serum sample collection

At the 0, 30, 60 and 90 days of the trial period, before feeding in the morning, six sheep from each group were selected for aseptic blood collection from the jugular vein with an aseptic needle and vacuum biochemical tube. The same six lambs per group were repeatedly sampled at the different time points. The sample tubes were set upright for 30 min to allow the blood to clot. The samples were then centrifuged at 3,000 r/min for 10 min. Subsequently, the upper serum was transferred to a 5 mL aseptic enzyme-free cryopreservation tube and stored in a −80°C refrigerator for the analysis of indexes of immune function, antioxidant capacity and hormone levels.



Analysis of serum indexes of immune function

Enzyme-linked immunosorbent assay (ELISA) kits were used to test the serum levels of immune indexes, including non-specific immune factors such as lysozyme (LZM) and cytokines interleukin-1β (IL-1β), IL-2, IL-4, IL-6, IL-10, interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), as well as specific immune factors such as immunoglobulins IgG and IgM and soluble antigens (sCD3, sCD4, sCD8) of T lymphocyte subsets. The enzyme activities of acid phosphatase (ACP) were measured by spectrophotometry. All the above ELISA kits and enzyme activity spectrophotometry kits were purchased from Nanjing Jiancheng Bioengineering Research Institute, and the detection methods refer to the kit instructions. The UV spectrophotometer used in this test was the model T6 new century produced by Beijing Puxi General Instrument Co., Ltd. The microplate reader was the model 800TS-SN from Agilent Technologies, Ltd. (United States). The information of the kits is presented in Table 2.



TABLE 2 Serum immune index kits and their product numbers.
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Analysis of serum indexes of antioxidant capacity

The serum antioxidant indexes were tested respectively, malondialdehyde (MDA) content by thiobarbituric acid method, superoxide dismutase (SOD) activity by xanthine oxidase method, catalase (CAT) activity by ammonium molybdate method, glutathione peroxidase (GSH-Px) activity by colorimetry, and the total antioxidant capacity (T-AOC) activity by Fe3+ reduction method. The information of the kits is presented in Table 3.



TABLE 3 Serum antioxidant index kits and their product numbers.
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Analysis of serum hormone levels

The serum levels of hormones were measured using ELISA kits, including glucocorticoid cortisol (Cort), growth hormone (GH), thyroid hormones (T3 and T4), insulin (INS) and leptin (LEP). The kits were purchased from Nanjing Jiancheng Bioengineering Institute. The information of the kits is presented in Table 4.



TABLE 4 Serum hormone kits and their product numbers.
[image: Table4]




Data analysis

The data were analysed as a completely randomized design with individual ram as the experimental unit. Meanwhile, the Durbin-Watson test was used to check the randomness of the initial and final body weight data to confirm the efficacy of the randomization process. The serum indicators of body weight (BW), average daily gain (ADG), average daily feed intake (ADF), feed to weight ratio (F/G), immune function, antioxidant capacity, and hormone levels were analyzed using the PROC MIXED program of SAS one-way ANOVA and t-test, with months as repeated measurement units and individual animals as experimental units. The model included the fixed effects of treatment, trial day/period and their interaction, and the random effect of ram. The data are presented as the least squares mean and pooled root mean square error (RMSE). A p < 0.05 was accepted as statistically significant.




Results


Effects on growth performance

It can be seen from Table 5 that there was no significant difference in ADF or F/G among all the three groups from Day 1 to 30 (p > 0.05). As for the ADG, there was no significant difference between the control group and YC group (p > 0.05), while that of BG group decreased by 8.05% (p < 0.05), compared with the control group. From Day 31 to 60, it still did not differ significantly in ADF or F/G among the three groups (p > 0.05), and the ADG of YC group and BG group increased by 8.02 and 4.76%, respectively, compared with the control group (p < 0.05). From Day 61 to 90, ADF of the three groups maintained no significant difference (p > 0.05), but the F/G in YC group were 5.87% higher (p < 0.05) and ADG 7.38% higher (p < 0.05) than those of the control group, respectively. However, as to the comparison between the BG group and control group, ADG or F/G did not display dramatic difference (p > 0.05). From Day 91 to 130, compared to the control group, the ADF and ADG of YC group ascended by 4.46 and 34.93% (p < 0.05), and those of BG group represented the same change trend by 9.41 and 32.10% (p < 0.05), while the F/G of these two treatment groups descended by 22.53 and 17.35% (p < 0.05), respectively. In general, over the whole 130-day test period, there was no significant difference in ADF among the three groups (p > 0.05). In addition, the ADG of YC group and BG group were 13.39% (39.96 g/d) and 6.73% (20.07 g/d) higher than that of the control group, respectively (p < 0.05), and the F/G of YC group was 10.33% lower than that of the control group (p < 0.05).



TABLE 5 Effects of YC and BG on growth performance of Mongolian ram lambs.
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Effects on serum indexes of immune function


Effects on serum indexes of non-specific immunity

To determine the effects of YC and BG on the non-specific immune function of Mongolian sheep, the serum LZM level and ACP activity, as well as the serum levels of some cytokines, were detected by ELISA and spectrophotometry.

As shown in Figure 1, the serum LZM concentration was significantly promoted by YC feeding on the 90th day (p < 0.05), while thus similar facilitating effect of BG feeding was observed on the 60th day (p < 0.05). The serum ACP enzyme activity in YC group was slightly higher than that in the control group on the 90th day, and yet there was no significant difference in the serum ACP activities between these two experimental groups and the control group at the other time points (p > 0.05). In summary, both serum indexes of non-specific immunity were enhanced by YC feeding on the 90th day.

[image: Figure 1]

FIGURE 1
 Effects of YC and BG on the serum LZM level and ACP activity in Mongolian ram lambs. (A) Effects on the serum LZM concentration. (B) Effects on the serum ACP enzyme activity. Mean ± SEM; * (p < 0.05) vs. Control; ** (p < 0.01) vs. Control. T-test. n = 6.


As to the serum levels of cytokines (Figure 2), the IL-1β content in sheep serum of YC group was just marginally higher than that of the control group on Day 90 (p < 0.05). Moreover, the IL-2 was also sensitive to YC addition, with the serum levels of the former being substantially increased by the latter on the 30th, 60th and 90th days (p < 0.05), to different extents. Additionally, the serum contents of IL-8, IFN-γ and TNF-α showed similar ascend trends to those of IL-2 at the corresponding time points (p < 0.05). By contrary, the IL-4 levels were slightly decreased by YC feeding on Day 30 to 90 (p < 0.05). Interestingly, the influences of these two feed additives on IL-6 concentration were indefinite, as serum IL-6 was downregulated on the 30th day but upregulated on the 90th day in BG group, while being improved on the 90th day in YC group. Compared with the control group, IL-10 levels in the serum of both YC and BG groups were markedly restrained only on the 90th day (p < 0.05). Generally speaking, serum concentrations of the tested cytokines were more sensitive to YC feeding than BG addition, and the effects on most of the cytokines lasted from Day 30 to Day 90, such as increased IL-2, IL-8, IFN-γ and TNF-α, as well as decreased IL-4. In addition, the influences of YC feeding on several cytokines only occurred on Day 90, such as promoted IL-1β and repressed IL-10.

[image: Figure 2]

FIGURE 2
 Effects of YC and BG on the serum levels of cytokines in Mongolian ram lambs. (A) Effects on the serum IL-1β concentration. (B) Effects on the serum IL-2 concentration. (C) Effects on the serum IL-4 concentration. (D) Effects on the serum IL-6 concentration. (E) Effects on the serum IL-8 concentration. (F) Effects on the serum IL-10 concentration. (G) Effects on the serum IFN-γ concentration. (H) Effects on the serum TNF-α concentration. Mean ± SEM; * (p < 0.05) vs. Control; ** (p < 0.01) vs. Control. T-test. n = 6.




Effects on serum indexes of specific immunity

In this study, we explored the effects of YC and BG on the specific immunity of Mongolian sheep by measuring the serum concentrations of immunoglobulins (IgG and IgM) for the capacity of humoral immunity and soluble T lymphocyte antigens (sCD3, sCD4 and sCD8) for that of cellular immunity.

As illustrated in Figure 3, compared to the control group, the serum IgG level in YC group was marginally enhanced on Day 60 (1.12 times) and kept this increasing action but in even more dramatic degree on Day 90 (1.44 times). Moreover, the serum IgG concentration in BG group also showed a similar upward trend on Day 90 (p < 0.05). The serum IgM content of both YC and BG groups was remarkably higher than that of the control group on the 60th and 90th days, respectively, with more increase in YC group than in BG group at both time points. Altogether, the serum levels of IgG and IgM were found to be upregulated by both YC and BG feeding in varying degrees on the 90th day.

[image: Figure 3]

FIGURE 3
 Effects of YC and BG on the serum levels of IgG and IgM in Mongolian ram lambs. (A) Effects on the serum IgG concentration. (B) Effects on the serum IgM concentration. Mean ± SEM; * (p < 0.05) vs. Control; ** (p < 0.01) vs. Control. T-test. n = 6.


Figure 4 illustrated the effects of YC and BG on soluble T lymphocyte antigens in Mongolian sheep. The results showed that the sCD8 level in YC group was significantly lower than that of the control group on Day 30 (p < 0.05), while the serum concentrations of sCD3, sCD4, and the ratio of sCD4/sCD8, of YC group were rather higher than those of control group on Day 90 (p < 0.05). Furthermore, there was no significant difference in serum contents of sCD3, sCD4 and sCD, or the comparative value of sCD4/sCD8, between the control group and YC group or BG group on Day 60 (p > 0.05). In short, YC addition in feed of mutton sheep may regulate serum soluble T lymphocyte antigens to affect the specific immune function, mainly by elevating the serum levels of sCD3 and sCD4.

[image: Figure 4]

FIGURE 4
 Effects of YC and BG on the serum levels of soluble T lymphocyte antigens in Mongolian ram lambs. (A) Effects on the serum concentration of sCD3. (B) Effects on the serum concentration of sCD4. (C) Effects on the serum concentration of sCD8. (D) Effects on the ratio of sCD4/sCD8. Mean ± SEM; * p < 0.05) vs. Control; ** (p < 0.01) vs. Control. T-test. n = 6.





Effects on serum indexes of antioxidant capacity

To estimate the effects of YC and BG additives on the antioxidative function of mutton ram lambs, the enzyme activities of SOD, CAT, GSH-Px and T-AOC in sheep serum, as well as serum MDA content, were determined through a variety of methods. The results displayed in Figure 5 showed that there was no significant difference in serum MDA content between the control group and any experimental group at each time point (p > 0.05). To be noted, the SOD activity in the serum of YC group was significantly higher than that of the control group on Day 30. Compared to the control group, both YC and BG feedings could notably increase serum CAT activity on Day 60, while GSH-Px activity was just slightly promoted by YC addition at the same time point (p < 0.05). Furthermore, the activity of T-AOC was slightly reduced in YC group on Day 30, but remarkably induced in both test groups on Day 60, compared with the control group. In brief, the serum enzyme activities of all of the tested antioxidative indexes, SOD, CAT, GSH-Px and T-AOC, were raised in varying degrees on Days 30 or 60 by YC addition in sheep feed, while CAT and T-AOC activities were markedly enhanced on Day 60 by BG addition.

[image: Figure 5]

FIGURE 5
 Effects of YC and BG on the serum indexes of antioxidative status in Mongolian ram lambs. (A) Effects on the serum MDA concentration. (B) Effects on the serum SOD activity. (C) Effects on the serum CAT activity. (D) Effects on the serum GSH-Px activity. (E) Effects on the serum T-AOC activity. Mean ± SEM; * (p < 0.05) vs. Control; ** (p < 0.01) vs. Control. T-test. n = 6.




Effects on serum hormone levels

To further and more widely study the effects of YC and BG added in the feed of ram lambs, the metabolism-associated hormone levels of Cort, GH, T3, T4, INS and LEP in the serum of Mongolian sheep were admeasured by ELISA method. As shown in Figure 6, the serum Cort levels in YC group were significantly lower than those in the control group at all of the tested time points, and those of BG group showed a same trend with a similar extent to YC group on Day 30 but a opposite result on Day 60. Compared with the control group, the average serum concentration of GH in YC group markedly increased on Days 30 and 60 but slightly decreased on Day 90, while that in BG group presented a varied and complicated trend, up on Days 30 and 90 but down on Day 60. The change trends of serum T3 levels in the two experimental groups resembled each other, manifested as ascended in earlier stage (YC group on Day 30 and BG group on Day 60) and then descended in later stage (both on Day 90). Compared to the control group, the serum T4 concentration in YC group was notably lower on Day 30, and that in BG group were evidently higher on Day 30 but slightly lower on Day 60. In addition, serum INS contents were significantly reduced by YC feeding in various degrees at different time points, and those were also repressed by BG feeding to a lesser extent than in YC group on the 30th and 60th days. Moreover, LEP in sheep serum of both YC and BG groups were remarkably downregulated on Day 30 but obviously upregulated on Day 60. In summary, the serum levels of the tested metabolism-associated hormones were significantly affected by YC and BG additives, some showing short-term effects, such as T4 and LEP, while the others presenting long-term actions, such as Cort, GH, T3 and INS. Furthermore, the sheep serum hormones were more sensitive to YC than BG addition in feed, and as to the administration time points, the effectiveness was most remarkable on Day 30, displaying increased (GH and T3) or decreased (Cort, T4, INS and LEP) trends.

[image: Figure 6]

FIGURE 6
 Effects of YC and BG on the serum hormone levels in Mongolian ram lambs. (A) Effects on the serum Cort concentration. (B) Effects on the serum GH concentration. (C) Effects on the serum T3 concentration. (D) Effects on the serum T4 concentration. (E) Effects on the serum INS concentration. (F) Effects on the serum LEP concentration. Mean ± SEM; * (p < 0.05) vs. Control; ** (p < 0.01) vs. Control. T-test. n = 6.





Discussion

In the study presented here, we assessed the impacts of YC and one of its active constituents, β-glucan, as feed supplements on a range of parameters associated with growth and health, including growth performance, immune function, antioxidant capacity and hormonal levels, in the Mongolian mutton ram lambs. On this basis, it was proved that the feed additive YC can be used as a suitable alternative to antibiotics in ruminant feeding.


Effects on growth performance

It has been proved that YC is a useful feed additive for manipulation of rumen fermentation in lambs fed with high-concentrate diets, with enhanced crude protein and cell wall digestibility, ruminal molar proportion of propionate and plasma glucose concentration (17). One study showed that YC supplementation resulted in 31.1 g/d more ADG than the control group with unchanged feed intake during a 56-day test period in fattening lambs, which could be attributed to improved digestibility of neutral detergent fiber and acid detergent fiber (18). In the present study, ADF changes during the entire 130-day test period were neither caused by the addition of YC nor by the addition of BG, while both of them could obviously increase the ADG of Mongolian sheep, with 39.96 g/d more ADG in YC group and 20.07 g/d more ADG in BG group, which is in line with previous studies. On the other hand, fed with YC could remarkably decrease the F/G ratio of ram lambs. Our previous results in vitro showed that YC can increase the gas production of rumen fluid and the concentrations of total VFA, acetic acid, propionic acid, butyric acid, ammonia nitrogen, bacterial protein and other nutrients, and it could enhance the digestibility of dry matter, crude protein, neutral detergent fiber and acid detergent fiber of the diet (19). These results indicated that YC can promote rumen fermentation function and improve the in vitro digestibility of dietary nutrients, which should be one of the reasons for improving the growth performance of Mongolian mutton ram lambs.



Effects on serum indexes of immune function

LZM and ACP are crucial non-specific immune factors, both of which play an active role in maintaining non-specific immune balance and resisting pathogens of the animal body (20). The results of the present study showed that the LZM content and ACP activity in the serum of mutton ram lambs fed with YC were remarkedly higher than those of the control group, suggesting that YC may stimulate the LZM production and simultaneously enhance the ACP activity, thereby improving the antibacterial defense function and promoting the disease resistance of the body.

Although the contents of cytokines in animal serum are low, they play an important role in the process of body defense against diseases. As an inflammatory factor, IL-1β can promote the growth and differentiation of B lymphocytes, being conducive to the formation of antibodies and improving the anti-infection effects of the body (21). IL-2 can activate T lymphocytes, increase the cytotoxicity of natural killer cells, and promote cytokine production, thus playing an important role in the immune response and anti-virus process of the body (22). TNF-α is synthesized and secreted by monocytes and macrophages, which can promote the proliferation of B cells and enhance the immune response efficiency of T cells, thereby killing tumor cells or inhibiting their proliferation (21). Proinflammatory cytokines, such as IL6 and IFN-γ, play a pivotal part in the inflammatory process, as IL-6 promoting the proliferation and differentiation of B lymphocytes to produce antibodies and IFN-γ exerting antiviral functions and enhancing the phagocytosis of macrophages (23). Therefore, an appropriate increase in the contents of inflammatory mediators is conducive to promoting the body’s immune response. We found that the serum contents of the cytokines such as IL-1β, IL-2, IL-6, IL-8, IFN-γ and TNF-α were obviously increased by YC addition at different time points while those of IL-4 and IL-10 were evidently decreased. Furthermore, our findings illustrated that compared to the control group, the levels of IL-8 and TNF-α in the BG group were clearly higher while that of IL-6 were substantially lower on Day 30. One potential explanation for this phenomenon may lie in that some ingredients in the YC such as β-glucan and mannan bind to surface mode receptors in cells including macrophages and neutrophils, which activated macrophages and neutrophils and regulated the expression of antioxidant and inflammatory factors (24, 25).

Serum immunoglobulin is produced by B lymphocytes, which is with the ability to enhance anti-virus and prevent infection and of importance in the immune response process (26). In this work, the results demonstrated that adding YC obviously elevated the serum contents of IgG and IgM in ram lambs on Day 90, indicating that YC can improve the specific immune function of the body. It was previously reported that supplementation with Saccharomyces cerevisiae products increased serum concentrations of total protein, IgA and IgG (27), which is in line with our data, suggesting that yeast fermented products such as YC could help ruminants to promote immunity and resistance to pathogens. Ma et al. found that adding β-glucan to calf diet can increase the serum concentrations of immunoglobulins and stimulate alkaline phosphatase, thereby enhancing immunity in dairy calves (28). Similarly, our results showed that β-glucan supplement markedly heightened the serum levels of IgG and IgM in Mongolian mutton ram lambs, which may be due to the fact that β-glucan can improve the disease resistance of animals by adsorbing toxins and pathogenic microorganisms (29).

A mass of data have illustrated that it is an important way to detect the T lymphocyte subsets for evaluating the cellular immune level of animals, and its stability is a crucial factor to maintain the specific immune regulation of the body (30). Among all the subsets, CD3+ lymphocytes represent the total number of T cells in peripheral blood circulation and reflect the function of cellular immunity. Further, the ratio of CD4+/CD8+ T cells is a vital index to estimate the strength of cellular immune function. The levels of sCD3, sCD4 and sCD8 in serum have been considered as indicators of T cell subset activation and may be important in monitoring and characterizing disease processes during immunological diseases (31). In this research, YC supplemented in the diet elevated the serum concentrations of sCD3 and sCD4 on Day 90, as well as the ratio of sCD4 and sCD8, indicating that YC could regulate the levels of T lymphocyte subset activation to affect the specific immunity of the Mongolian ram lambs. In addition, BG feeding displayed no significant influence on the serum concentrations of T lymphocyte antigens. These results indicate that YC administration in the feed could promote the activation and function of T lymphocytes, thereby improving the specific immune function of mutton sheep; nevertheless, such effect may be not attributed of BG.



Effects on serum indexes of antioxidant capacity

MDA is a biomarker of lipid peroxidation, and its content directly reflects the degree of lipid peroxidation and the metabolism of free radicals in the body and indirectly reflects the extent of oxidative damage to cells and tissues (32). On the other hand, the animal body is equipped with an enzymatic system for scavenging free radicals, including SOD, CAT, GSH-Px and other antioxidant enzymes, which serves to maintain the dynamic balance of redox (33). SOD can eliminate superoxide anion free radicals and protect cell membranes from damage; CAT can remove hydrogen peroxide (H2O2) in the body, so as to protect cells from the toxicity of H2O2; GSH-Px can protect macromolecular components of tissues from oxygen free radicals by removing reactive oxygen intermediates. In previous reports, the effects of YC supplementation in the diet on the MDA or T-AOC in serum of ruminants were inconsistent, with reduced or unchanged MDA contents, as well as increased or decreased T-AOC levels (34, 35). In this study, our data illustrated that the MDA content in the serum of sheep in YC group was not significantly affected throughout the whole trial period. Moreover, it was discovered that the antioxidative enzyme activities in the serum, including CAT, GSH-Px and SOD, were markedly augmented by YC added in sheep feed, and the T-AOC level was dramatically higher than that of the control group on Day 60. No differences were observed between the control and two test groups in plasma levels of MDA during the whole test period, suggesting that the induction of the antioxidant enzymes and the increase of T-AOC were effectively stimulated by oxidative stress, rather than an unchanged antioxidant status (36). The antioxidant effect of YC may be due to its rich variety of nutrients, including vitamins, microelements, enzymes, peptides, and polysaccharides (β-glucan and mannan). For example, Wang et al. used Escherichia coli O141: K99 to induce oxidative stress in 28-day-old preweaning calves, and discovered that β-glucan might effectively improve the antioxidant function of the calves and reduce the incidence of oxidative stress after Escherichia coli O141: K99 infection (37). We found that the serum MDA concentrations in BG group did not alter compared to that in the control group, while the CAT activity and T-AOC levels were upregulated by BG administration.



Effects on serum hormone levels

Evaluation of the hormone profile may provide considerable clues for the influence of YC and β-glucan administrations on metabolic processes. In this study, we measured the levels of several metabolism-related hormones, including Cort, GH, T3, T4, INS, and LEP. Cort belongs to the glucocorticoid family of adrenal cortical hormones, and its level is often used as an indicator to measure the degree of stress and changes in physiological functions of animals (38). GH is an important hormone to promote animal growth, which can accelerate the synthesis and deposition of protein and inhibit its degradation, thereby increasing the volume and number of cells and promoting the growth of the body (39). The two main thyroid hormones, T3 and T4, can stimulate the production of protein, as well as the absorption of glucose and the decomposition of lipid in the intestinal mucosa, thus promoting the growth and development of animal body, and the serum T3 level is positively correlated with the growth of organisms (40). INS is a crucial hormone to improve the anabolism of glycogen, fat and protein and to maintain the relative stability of blood glucose, thus playing a notable part in animal growth (41). In addition to regulating body weight, the abilities of LEP are more far-reaching and include profound glucose-lowering and anti-lipogenic effects (42).

The data from our research represented that the effects of YC and BG additives on the serum hormone levels were rather complicated. The serum Cort levels were significantly reduced by fed with YC during the whole experimental period. Conversely, compared to the control group, the Cort content in BG group showed a substantial downward trend on Day 30 but rising in a small degree on Day 60. The addition of YC to the diet appears to inhibit the secretion of cortisol, indicating that YC may reduce the stress response of ram lambs, reduce the occurrence of diseases, and further promote the growth and development of the body. Both YC and BG administration remarkably increased GH concentrations in the sheep serum on Day 30, indicating that both feed additives could effectively promote the growth and development of sheep and improve their growth performance. The serum T3 levels apparently ascended on Day 30 in YC group and on Day 60 in BG group, as by contrary, the serum T4 concentrations apparently descend at such time points. The observed increases in GH and T3 levels in Mongolian ram lambs fed with YC or BG revealed the stimulatory effect of thus two feed additives on anabolism. Furthermore, it is generally believed that T4 plays its biological role by transforming it into T3, yet whether the decline in T4 levels is related to this mechanism remains to be further studied. The serum INS concentrations in the YC and BG groups showed some certain degrees of reduction on Days 30 and 60, indicating that both additives may regulate the serum INS levels to promote glucose absorption and decrease glucose output along with increasing glycogen synthesis. The serum LEP contents in sheep of YC and BG groups were obviously lower on Day 30 but clearly higher on Day 60 than that of the control group, suggesting that YC and BG administration could increase serum glucose levels and promote adipogenesis in the earlier period, but presented some feedback regulation in the later period. Taken all the results together, it was speculated that YC additive may potentially enhance serum levels of hormones related to anabolic pathways such as GH and thyroid hormones, repress hormones related to catabolic pathways such as INS and LEP, and reduce the stress response through inhibiting the secretion of Cort, which may indirectly promote the growth and development of Mongolian sheep.

The present study investigated the effects of YC on the growth, immunity, antioxidant capacity and hormone levels of Mongolian ram lambs from the macro level. However, there has been a lack of in-depth study of the corresponding mechanisms, which will be the focus of the follow-up study of our research group.




Conclusion

The effects of yeast culture and one of its main active ingredients, β-glucan, on growth performance, immune function, antioxidant capacity and hormone levels of Mongolian ram lambs were evaluated in vivo in the present study. The results showed that yeast culture and β-glucan added to the sheep diet could improve the growth performance, immune function and antioxidant capacity of Mongolian sheep and regulate the serum levels of metabolism-associated hormones. Therefore, YC could be considered as a potential substitute for dietary subtherapeutic antibiotics and can be used as an animal feed additive. These data provided theoretical support for the clinical application of this preparation in sheep husbandry.



Data availability statement

The data presented in the study are deposited in the figshare dryad digital repository, accession number https://doi.org/10.6084/m9.figshare.26196551.



Ethics statement

The animal study was approved by all animal experiments were carried out in compliance with the experimental practices and standards approved by the animal welfare and research ethics committee of Inner Mongolia Agricultural University (Approval ID:2022104 and 2020009). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

HC: Writing – original draft, Visualization, Validation, Methodology, Investigation, Formal analysis, Data curation, Conceptualization. SxL: Writing – original draft, Validation, Resources, Methodology. SoL: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. DoL: Data curation, Writing – original draft. XL: Software, Writing – review & editing. ZX: Investigation, Methodology, Writing – original draft, Writing – review & editing. DaL: Supervision, Writing – original draft, Visualization, Validation, Methodology, Investigation, Formal analysis, Data curation, Conceptualization.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. We are grateful to the National Key Research and Development Program of China (2023YFE0100400), the Special Project for Improving the Research Ability of Young Teachers of Inner Mongolia Agricultural University (BR220133), the National Natural Science Foundation of China (32060774), Inner Mongolia Autonomous Region Science and Technology Project (2020GG0036; 2022YFDZ0051) and the Scientific Research Project of Colleges and Universities in Inner Mongolia Autonomous region (BR22-11-17) for financial support.



Conflict of interest

The 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.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1424073/full#supplementary-material



References

 1. Izuddin, WI, Loh, TC, Samsudin, AA, Foo, HL, Humam, AM, and Shazali, N. Effects of postbiotic supplementation on growth performance, ruminal fermentation and microbial profile, blood metabolite and GHR, IGF-1 and MCT-1 gene expression in post-weaning lambs. BMC Vet Res. (2019) 15:315. doi: 10.1186/s12917-019-2064-9 

 2. Angelakis, E
. Weight gain by gut microbiota manipulation in productive animals. Microb Pathog. (2017) 106:162–70. doi: 10.1016/j.micpath.2016.11.002


 3. Cheng, G, Hao, H, Xie, S, Wang, X, Dai, M, Huang, L , et al. Antibiotic alternatives: the substitution of antibiotics in animal husbandry? Front Microbiol. (2014) 5:217. doi: 10.3389/fmicb.2014.00217


 4. Bacha, U, Nasir, MA-O, Iqbal, S, and Anjum, AA. Nutraceutical, anti-inflammatory, and immune modulatory effects of β-glucan isolated from yeast. Biomed Res Int. (2017) 2017:1–14. doi: 10.1155/2017/8972678


 5. Kim, J, and Ahn, JA-OX. Emergence and spread of antibiotic-resistant foodborne pathogens from farm to table. Food Sci Biotechnol. (2022) 31:1481–99. doi: 10.1007/s10068-022-01157-1 

 6. Al-Qaisi, M, Horst, EA, Mayorga, EJ, Goetz, BM, Abeyta, MA, Yoon, I , et al. Effects of a Saccharomyces cerevisiae fermentation product on heat-stressed dairy cows. J Dairy Sci. (2020) 103:9634–45. doi: 10.3168/jds.2020-18721 

 7. Halfen, J, Carpinelli, N, Del Pino, FAB, Chapman, JD, Sharman, ED, Anderson, JL , et al. Effects of yeast culture supplementation on lactation performance and rumen fermentation profile and microbial abundance in mid-lactation Holstein dairy cows. J Dairy Sci. (2021) 104:11580–92. doi: 10.3168/jds.2020-19996


 8. Magalhães, VJ, Susca, F, Lima, F, Branco, AF, Yoon, I, and Santos, JEP. Effect of feeding yeast culture on performance, health, and immunocompetence of dairy calves. J Dairy Sci. (2008) 91:1497–509. doi: 10.3168/jds.2007-0582 

 9. Xu, J, Li, Y, Yang, Z, Li, C, Liang, H, Wu, Z , et al. Yeast probiotics shape the gut microbiome and improve the health of early-weaned piglets. Front Microbiol. (2018) 9:2011. doi: 10.3389/fmicb.2018.02011 

 10. Yang, C, Zhang, T, Tian, Q, Cheng, Y, Gebeyew, K, Liu, G , et al. Supplementing Mannan oligosaccharide reduces the passive transfer of immunoglobulin G and improves Antioxidative capacity, immunity, and intestinal microbiota in neonatal goats. Front Microbiol. (2022) 12:795081. doi: 10.3389/fmicb.2021.795081 

 11. Yu, CW, Chen, H, Du, D, Lv, WT, Li, SJ, Li, DF , et al. β-Glucan from Saccharomyces cerevisiae alleviates oxidative stress in LPS-stimulated RAW264.7 cells via Dectin-1/Nrf2/HO-1 signaling pathway. Cell Stress Chaperones. (2021) 26:629–37. doi: 10.1007/s12192-021-01205-5 

 12. Stier, H, Ebbeskotte, V, and Gruenwald, J. Immune-modulatory effects of dietary yeast Beta-1,3/1,6-D-glucan. Nutr J. (2014) 13:1475–2891. doi: 10.1186/1475-2891-13-38 

 13. Broadway, PR, Carroll, JA, and Sanchez, NC. Live yeast and yeast cell wall supplements enhance immune function and performance in food-producing livestock: a review (†,)(‡). Microorganisms. (2015) 3:417–27. doi: 10.3390/microorganisms3030417


 14. Cui, Y, Li, XQ, Yu, CW, Li, DF, Gao, M, Hu, HL , et al. Effects of compound bacteria culture on growth performance, immunity and antioxidant function of meat sheep. Chin J Anim Nutr. (2019) 31:5065–73.


 15. Liu, GJ, Liu, DC, Gao, M, Hu, HL, and Lu, DX. Research and development of nutritive active matter omics and its application technology of compound yeast culture. Chin J Anim Husb. (2014) 50:84–8.


 16. Guo, P, Zhang, LM, Zhang, Z, Zhang, QW, and Liu, DC. Study on the composition of microbial fermented feed for dairy cows and its supporting turnover technology. Chin J Anim Husb. (2016) 10:2598–607.


 17. Haddad, SG, and Goussous, SN. Effect of yeast culture supplementation on nutrient intake, digestibility and growth performance of Awassi lambs. Anim Feed Sci Technol. (2005) 118:343–8. doi: 10.1016/j.anifeedsci.2004.10.003


 18. Song, B, Wu, T, You, P, Wang, H, Burke, JL, Kang, K , et al. Dietary supplementation of yeast culture into pelleted Total mixed rations improves the growth performance of fattening lambs. Front Vet Sci. (2021) 8:2297–1769. doi: 10.3389/fvets.2021.657816


 19. Xu, ZX, Li, DF, Yu, CW, Li, SJ, Gao, M, Hu, HL , et al. Effects of microbial fermented feed on rumen fermentation function of dairy cows and nutrient in vitro digestibilities of diets. Chin J Anim Nutr. (2021) 33:1513–22.


 20. Hou, T, Liu, H, and Li, C. Traditional Chinese herb formulas in diet enhance the non-specific immune responses of yellow catfish (Pelteobagrus fulvidraco) and resistance against Aeromonas hydrophila. Fish Shellfish Immunol. (2022) 131:631–6. doi: 10.1016/j.fsi.2022.10.050 

 21. Ghassib, I, Chen, Z, Zhu, J, and Wang, HL. Use of IL-1 β, IL-6, TNF-α and MMP-8 biomarkers to distinguish peri-implant diseases: a systematic review and meta-analysis. Clin Implant Dent Relat Res. (2019) 21:190–207. doi: 10.1111/cid.12694


 22. Abbas, AK, Trotta, E, Simeonov, DR, Marson, A, and Bluestone, JA. Revisiting IL-2: biology and therapeutic prospects. Sci Immunol. (2018) 3:eaat1482. doi: 10.1126/sciimmunol.aat1482 

 23. Gandhi, J, Dave, VP, and Joseph, J. Cytokine profiling plays a crucial role in activating immune system in fungal endophthalmitis. Int J Infect Dis. (2020) 101:240. doi: 10.1016/j.ijid.2020.11.061


 24. Nakashima, A, Yamada, K, Iwata, O, Sugimoto, R, Atsuji, K, Ogawa, T , et al. Beta-glucan in foods and its physiological functions. J Nutr Sci Vitaminol. (2018) 64:8–17. doi: 10.3177/jnsv.64.8


 25. Shibata, N, Kobayashi, H, and Suzuki, S. Immunochemistry of pathogenic yeast, Candida species, focusing on mannan. Proc Jpn Acad Ser B Phys Biol Sci. (2012) 88:250–65. doi: 10.2183/pjab.88.250 

 26. Tolar, P
. Cytoskeletal control of B cell responses to antigens. Nat Rev Immunol. (2017) 17:621–34. doi: 10.1038/nri.2017.67 

 27. Zhang, C, Zhang, J, Yu, Z, Zhou, G, and Yao, J. Effects of supplementation with Saccharomyces cerevisiae products on dairy calves: a meta-analysis. J Dairy Sci. (2022) 105:7386–98. doi: 10.3168/jds.2021-21519 

 28. Ma, T, Tu, Y, Zhang, NF, Guo, JP, Zhou, Y, Yun, Q , et al. Effects of dietary yeast β-glucan on nutrient digestibility and serum profiles in pre-ruminant Holstein calves journal of integrative. Agriculture. (2015) 14:749–57. doi: 10.1016/S2095-3119(14)60843-1


 29. Santos, A, Marquina, D, Barroso, J, and Peinado, JM. (1-->6)-Beta-D-glucan as the cell wall binding site for Debaryomyces hansenii killer toxin. Lett Appl Microbiol. (2002) 34:95–9. doi: 10.1046/j.1472-765x.2002.01053.x


 30. Jameson, SC, and Masopust, D. Understanding subset diversity in T cell memory. Immunity. (2018) 48:214–26. doi: 10.1016/j.immuni.2018.02.010 

 31. Tseng, WY, Huang, Y-S, Chiang, N-Y, Chou, YP, Wu, YJJ, Luo, SF , et al. Increased soluble CD4 in serum of rheumatoid arthritis patients is generated by matrix metalloproteinase (MMP)-like proteinases. (1932-6203 (electronic)). PLoS One. (2013) 8:e63963. doi: 10.1371/journal.pone.0063963 

 32. Gegotek, AJC, and Lipids, PO. Biological effect of protein modifications by lipid peroxidation products. Chem Phys Lipids. (2019) 221:46–52. doi: 10.1016/j.chemphyslip.2019.03.011


 33. Roy, Z, Bansal, R, Siddiqui, L, and Chaudhary, N. Understanding the role of free radicals and antioxidant enzymes in human diseases. Curr Pharm Biotechnol. (2023) 24:1265–76. doi: 10.2174/1389201024666221121160822


 34. Knoblock, CE, Shi, W, Yoon, I, and Oba, M. Effects of supplementing a Saccharomyces cerevisiae fermentation product during the periparturient period on the immune response of dairy cows fed fresh diets differing in starch content. J Dairy Sci. (2019) 102:6199–209. doi: 10.3168/jds.2018-16224


 35. Wang, L, Wang, Z, Zou, H, and Peng, Q. Yeast culture and vitamin E supplementation alleviates heat stress in dairy goats. Asian Australas J Anim Sci. (2016) 29:814–22. doi: 10.5713/ajas.15.0414 

 36. Abuelo, A, Hernández, J, Benedito, JL, and Castillo, C. The importance of the oxidative status of dairy cattle in the periparturient period: revisiting antioxidant supplementation. J Anim Physiol Anim Nutr (Berl). (2015) 99:1003–16. doi: 10.1111/jpn.12273 

 37. Wang, B, Yang, CT, Diao, QY, and Tu, Y. The influence of mulberry leaf flavonoids and Candida tropicalis on antioxidant function and gastrointestinal development of preweaning calves challenged with Escherichia coli O141:K99. J Dairy Sci. (2018) 101:6098–108. doi: 10.3168/jds.2017-13957


 38. Theiler-Schwetz, V, Zaufel, A, Schlager, H, Obermayer-Pietsch, B, Fickert, P, and Zollner, G. Bile acids and glucocorticoid metabolism in health and disease. Biochim Biophys Acta Mol basis Dis. (2019) 1865:243–51. doi: 10.1016/j.bbadis.2018.08.001


 39. Le Tissier, PR, and Grattan, DR. Growth hormone and prolactin: so much still to learn. J Neuroendocrinol. (2020) 32:e12909. doi: 10.1111/jne.12909 

 40. Hulbert, AJ
. Thyroid hormones and their effects: a new perspective. Biol Rev Camb Philos Soc. (2000) 75:519–631. doi: 10.1017/s146479310000556x


 41. Niswender, KD
. Basal insulin: physiology, pharmacology, and clinical implications. Postgrad Med. (2011) 123:17–26. doi: 10.3810/pgm.2011.07.2300 

 42. Pereira, S, Cline, DL, Glavas, MM, Covey, SD, and Kieffer, TJ. Tissue-specific effects of leptin on glucose and lipid metabolism. Endocr Rev. (2021) 42:1–28. doi: 10.1210/endrev/bnaa027 

 43. Appaiahgari, MB, Glass, R, Singh, S, Taneja, S, Rongsen-Chandola, T, Bhandari, N , et al. Transplacental rotavirus IgG interferes with immune response to live oral rotavirus vaccine ORV-116E in Indian infants. Vaccine. (2014) 32:651–6. doi: 10.1016/j.vaccine.2013.12.017


 44. Çetin, E
. Pretreatment with β-glucan attenuates isoprenaline-induced myocardial injury in rats. Exp Physiol. (2019) 104:505–13. doi: 10.1113/ep086739 

 45. Davis, WC, Konzek, RL, Haas, K, Estes, DM, Hamilton, MJ, Call, DR , et al. Use of the mannan receptor to selectively target vaccine antigens for processing and antigen presentation through the MHC class I and class II pathways. Ann N Y Acad Sci. (2002) 969:119–25. doi: 10.1111/j.1749-6632.2002.tb04362.x


 46. Dong, J, Gao, Y, Yan, LI, Qiufeng, LI, Cao, Y, Liu, B , et al. Effects of yeast polysaccaride on growth performance, digestion metabolism and serum biochemical indexes of sucking calves. Chin J Anim Nutr. (2018) 30:5247–54.


 47. Duse, A, Waller, KP, Emanuelson, U, Unnerstad, HE, Persson, Y, and Bengtsson, B. Risk factors for antimicrobial resistance in fecal Escherichia coli from preweaned dairy calves. J Dairy Sci. (2015) 98:500–16. doi: 10.3168/jds.2014-8432 

 48. Elghandour, MMY, Tan, ZL, Abu Hafsa, SH, Adegbeye, MJ, Greiner, R, Ugbogu, EA , et al. Saccharomyces cerevisiae as a probiotic feed additive to non and pseudo-ruminant feeding: a review. J Appl Microbiol. (2020) 128:658–74. doi: 10.1111/jam.14416 

 49. Gao, J, Zhang, HJ, Yu, SH, Wu, SG, Yoon, I, Quigley, J , et al. Effects of yeast culture in broiler diets on performance and immunomodulatory functions. Poult Sci. (2008) 87:1377–84. doi: 10.3382/ps.2007-00418 

 50. Karamzadeh-Dehaghani, A, Towhidi, A, Zhandi, M, Karamzadeh-Dehaghani, A, and Fouladi-Nashta, AJA. Combined effect of probiotics and specific immunoglobulin Y directed against Escherichia coli on growth performance, diarrhea incidence, and immune system in calves. Animal. (2020) 15:100124. doi: 10.1016/j.animal.2020.100124


 51. Klopp, RN, Centeno-Martinez, RE, Yoon, I, Johnson, TA, and Boerman, JP. Effects of feeding Saccharomyces cerevisiae fermentation products on the health and growth performance of Holstein dairy calves. JDS Commun. (2022) 3:174–9. doi: 10.3168/jdsc.2021-0172 

 52. Kohiruimaki, M, Ohtsuka, H, Tanami, E, Kitagawa, M, Masui, M, Ando, T , et al. Effects of active egg white product/Clostridium butyricum Miyairi 588 additive on peripheral leukocyte populations in periparturient dairy cows. J Vet Med Sci. (2008) 70:321–3. doi: 10.1292/jvms.70.321 

 53. Magri, G, Comerma, L, Pybus, M, Sintes, J, Lligé, D, Segura-Garzón, D , et al. Human secretory IgM emerges from plasma cells clonally related to gut memory B cells and targets highly diverse commensals. Immunity. (2017) 47:118–134.e8. doi: 10.1016/j.immuni.2017.06.013 

 54. Qadis, AQ, Goya, S, Yatsu, M, Kimura, A, Ichijo, T, and Sato, S. Immune-stimulatory effects of a bacteria-based probiotic on peripheral leukocyte subpopulations and cytokine mRNA expression levels in scouring Holstein calves. J Vet Med Sci. (2014) 76:677–84. doi: 10.1292/jvms.13-0534 

 55. Rakowska, R, Sadowska, A, Dybkowska, E, and Świderski, F. Spent yeast as natural source of functional food additives. Rocz Panstw Zakl Hig. (2017) 68:115–21.

 56. Rivera-Mancía, S, Jiménez-Osorio, AS, Medina-Campos, ON, Colín-Ramírez, E, Vallejo, M, Alcántara-Gaspar, A , et al. Activity of antioxidant enzymes and their association with lipid profile in Mexican people without cardiovascular disease: an analysis of interactions. Int J Environ Res Public Health. (2018) 15. doi: 10.3390/ijerph15122687 

 57. Sandvik, A, Wang, YY, Morton, HC, Aasen, AO, Wang, JE, Clinical, FEJJ , et al. Oral and systemic administration of β-glucan protects against lipopolysaccharide-induced shock and organ injury in rats. Clin Exp Immunol. (2007) 148:168–77. doi: 10.1111/j.1365-2249.2006.03320.x 

 58. Shah, AA, Liu, Z, Qian, C, Wu, J, Sultana, N, and Zhong, XA-O. Potential effect of the microbial fermented feed utilization on physicochemical traits, antioxidant enzyme and trace mineral analysis in rabbit meat. J Anim Physiol Anim Nutr (Berl). (2020) 104:767–75. doi: 10.1111/jpn.13252 

 59. Sivinski, SE, Mamedova, LK, Rusk, RA, Elrod, CC, Swartz, TH, McGill, JM , et al. Development of an in vitro macrophage screening system on the immunomodulating effects of feed components. J Anim Sci Biotechnol. (2020) 11:89. doi: 10.1186/s40104-020-00497-4 

 60. Wang, T, Cheng, K, Yu, CY, Li, QM, Tong, YC, Wang, C , et al. Effects of a yeast-derived product on growth performance, antioxidant capacity, and immune function of broilers. Poult Sci. (2021) 100:101343. doi: 10.1016/j.psj.2021.101343 

 61. Zanello, G, Berri, M, Dupont, J, Sizaret, PY, D'Inca, R, Salmon, H , et al. Saccharomyces cerevisiae modulates immune gene expressions and inhibits ETEC-mediated ERK1/2 and p38 signaling pathways in intestinal epithelial cells. PLoS One. (2011) 6:e18573. doi: 10.1371/journal.pone.0018573 


Copyright
 © 2024 Chen, Liu, Li, Li, Li, Xu and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of yeast culture on growth performance, immune function, antioxidant capacity and hormonal profile in Mongolian ram lambs



		Introduction



		Materials and methods



		Preparation of yeast culture



		Animals and diet



		Determination method of dietary nutrient levels



		Sample collection and detection



		Determination of growth performance indexes



		Serum sample collection



		Analysis of serum indexes of immune function



		Analysis of serum indexes of antioxidant capacity



		Analysis of serum hormone levels









		Data analysis









		Results



		Effects on growth performance



		Effects on serum indexes of immune function



		Effects on serum indexes of non-specific immunity



		Effects on serum indexes of specific immunity









		Effects on serum indexes of antioxidant capacity



		Effects on serum hormone levels









		Discussion



		Effects on growth performance



		Effects on serum indexes of immune function



		Effects on serum indexes of antioxidant capacity



		Effects on serum hormone levels









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fvets-11-1424073-t005.jpg
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Periods: Day 1-30

Initial BW (kg) 12738 12704 12718 1093 09988
Final BW (kg) 20416 20.526 19.778 1.104 0.5305
ADF (kg/d) 0838 0.832 0.832 0.132 0.9966
ADG (g/d) 255.934° 260732 235.334° 10374 0.0051
F/G ratio 3262 3.182 3522 0.420 0.4333

Periods: Day 30-60

Initial BW (kg) 20416 20526 19778 1104 05305
Final BW (kg) 31092 32058 30.962 1.248 0.3487
ADF (kg/d) 1442 1.448 1438 0.185 0.9963
ADG (g/d) 355.866" 384.402 372798 12267 00104
F/G ratio 4.044 3758 3.850 0387 05100

Periods: Day 60-90

Initial BW (kg) 31092 32058 30962 1248 03487
Final BW (kg) 41.772" 43.526" 41.236" 1120 0.0180
ADF (kg/d) 1942 1.962 1.908 0.116 0.7618
ADG (g/d) 356.000" 382.266° 342534 14758 00035
F/G ratio 5.452" 5132 5.568" 0.158 0.0025

Periods: Day 90-130

Initial BW (kg) 41772 43.526" 41.236" 1120 0.0180
Final BW (kg) 515240 56.684° 54.120° 1565 0.0008
ADF (kg/d) 2022 2112 2208 0.065 0.0026
ADG (g/d) 243.800° 328.950° 322,050 17.220 <0.0001
F/G ratio 8.304° 6.430° 6.860" 0204 <0.0001

Periods: Day 1-130

Initial BW (kg) 12738 12.704 12718 1.093 0.9988
Final BW (kg) 5154 56.684" 54120° 1565 0.0008
ADF (kg/d) 1.560 1.588 1.598 0575 0.9955
ADG (g/d) 298.354° 338.308" 318.478" 5.172 <0.0001
F/G ratio 5208 468" 5.008" 0320 00597

Inthe same row, values with noleter or the same letter superscripts mean no significan difference (p>0.05), while different ltter superscripts mean significant difference (p<0.05). n=35.
BW, body weight; ADG, average daily gain; ADF, average daily feed intake; F/G, ADF/ADG.
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Cort Corticosterone assay kit H205-1-2
GH Growth hormone assay kit HO91-1-1
T Triiodothyronine assay kit H222-12
T4 Thyroxine H223-12
INS INSulin assay kit H203-1-2

LEP LEPtin assay kit HI74-12
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Malondialdehyde (MDA)
MDA A003-1-2
assay kit (TBA method)

Total Superoxide Dismutase

soD (T-50D) assay kit A001-1-2
(Hydroxylamine method)
CATalase (CA' kit

CAT ilase (CAT) aasay A007-1-1
(Visible light)

Glutathione Peroxidase
GSH-Px (GSH-Px) assay kit A005-1-2

(Colorimetric method)

Total antioxidant capacity
T-AOC A015-1-2
assay kit
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Pre-test period Mid-test period Late-test period

Control and BG YC Control and BG Control and BG

Ingredients, %

Peanut vine 2200 2200 1350 14.00 10.00 10.00
Corn stalk 4.00 5.00 400 450 500 550
Sunflower seed skin 4.00 5.00 400 450 500 550
Alfalfa meal 10.00 1100 13.00 1350 1200 1200
Corn 27.00 26.50 3200 3100 38.00 39.00
Soybean meal 1000 1100 8.00 9.00 800 800
Germ meal 550 600 400 650 3.00 7.00
Cotton meal 600 600 550 650 3.00 4.00
Wheat bran 200 3.00

Peanut cake 4.00 500 3.00 3.00
NaCl 050 050 050 050 050 050
NaHCO, 050 050 050 080 100 100
Limestone 050 070 050 050
CaHPO4 050 0.50 050 050 050 050
NHCI 050 050
4% premix* 3.00 3.00 3.00 300 3.00 3.00
Yeast culture 500 0.00 7.00 0.00 7.00 000
Total 100.00 100.00 100.00 10000 100.00 100.00

Nutrient levels"

DE/(MJ/kg) 1048 1045 1083 1078 2 1108
DM 89.55 89.72 89.44 89.70 8930 89.50
cpP 1481 1491 1527 16.13 1341 1338
NDE 3264 3289 3000 2073 2886 2822
ADF 21.78 2225 19.73 1973 18.70 18.17
Ca 136 137 142 151 132 130
» 044 045 0.42 044 039 044

“The premix provided the following per kg of diets: Fe 60 mg, Cu 12mg, Zn 60mg, Mn 45 mg, nicotinic acid 60mg, 1 0.6mg, Se 0.2mg, VA 35001U, VD 120010, VE 201U, Ca 2g, P 1g, Co
20mg, NaCl 5¢.
"DE was a calculated value, while other nutrient levels were measured values.
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Kit names Product

numbers
LZM Lysozyme assay kit A050-1-1
IL1p Interleukin -1 assay kit HO02-1-2
L2 Interleukin ~2 assay kit HO03-1-2
L4 Interleukin —4 assay kit H005-1-2
L6 Interleukin ~6 H007-1-2
110 Interleukin 10 assay kit HO09-1-2
IFN-y Interferon-y assay kit HO25-1-2
_— “Tumor Necrosis Factor-« —
assay kit

156 Immunoglobulin G assay kit HI06-1-1
IgM Immunoglobulin M assay kit HI09-1-2
sCD3 CD3 assay kit HIss

sCD4. CD4 assay kit HI56-1-1
SCD8. CDS assay kit HI57-1-1

Acp Acid phosphatase assay kit A060-1-1
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