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This study aimed to evaluate the effects of dietary supplementation of Saccharomyces cerevisiae fermentation product (SCFP) during late pregnancy and lactation on sow productivity, colostrum and milk composition, and antioxidant status of sows in a subtropical climate. The study was a 2 × 2 factorial treatment design where the first factor was environmental THI level [Low THI (08:00–19:00: 70.76 ± 0.45, 19:00–08:00: 67.91 ± 0.18, L-THI) or High THI (08:00–19:00: 75.14 ± 0.98, 19:00–08:00: 68.35 ± 0.18, H-THI], and the second factor was dietary treatment (supplemented with or without 3 kg/t SCFP). A total of 120 sows were randomly allotted to the four treatments (n = 30). The feeding trial was conducted from 85-days post-breeding until 21-days post-partum. Compared with L-THI group, sows from H-THI group had lesser individual piglet birth weight, individual piglet weight at weaning, preweaning average daily gain of piglets, average daily feed intake of sows during lactation, and protein percentage in 14-days milk. Additionally, sows from H-THI group had lesser antioxidant status, indicated by lesser serum total antioxidant capacity (T-AOC), and superoxide dismutase (SOD) activity at parturition; lesser serum T-AOC and glutathione peroxidase (GSH-Px) activity at 14-days post-partum, as well as lesser SOD activity in colostrum. Compared with sows fed the control diet, sows fed the SCFP diet had greater number of piglets weaned, litter weight at weaning, and preweaning average daily gain of piglets. Moreover, sows fed the SCFP diet had improved antioxidant status as indicated by higher serum T-AOC at parturition, and lesser malondialdehyde (MDA) content in colostrum and 21-days milk. In conclusion, H-THI negatively affected the productivity, milk composition, antioxidant status, and lactation feed intake of sows. Dietary supplementation of SCFP partially alleviated the adverse effects of H-THI, by improving lactation performance and antioxidant status of sows without influencing reproductive performance and colostrum and milk composition in a subtropical climate.
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INTRODUCTION

Over fifty percent of total world meat and 60% of total world milk production are produced in tropical and subtropical areas, and livestock production in these regions will continue to provide significant meat production in the future (1). Heat stress is a primary factor adversely influencing welfare and production efficiency of sows in hot weather (2–4), which results in substantial economic losses for the swine industry (5). THI (temperature-humidity index) is commonly used as an indicator of the degree of heat stress (2, 6, 7). Under heat stress conditions, sows usually exhibit decreased feed intake, reduced colostrum and milk yield, and reduced milk quality (8). It has been reported that sows under heat stress suffer from oxidative stress, especially perinatal sows, related to high metabolism required for the rapid growth and development of the fetus and mammary gland, and for colostrum and milk production (9–11).

Saccharomyces cerevisiae fermentation product (SCFP) is a fermentation product using an unmodified strain of Saccharomyces cerevisiae, which includes fermentation products, residual yeast cells, fermentation media, and yeast cell wall components (12). It's demonstrated that antioxidant additives are beneficial for livestock under stressful conditions (13–15). SCFP is a widely-used feed addictive characterized as having antioxidant function (16, 17), and anti-heat stress function (16, 18–21), and was reported to improve lactation performance and health status of dairy cows under heat stress conditions (16, 18–20). SCFP was also reported to improve lactation performance of sows (12, 22, 23). Kim et al. reported feeding SCFP (12 and 15 g/d during gestation and lactation, respectively) to sows during middle and late pregnancy and lactation increased litter weight gain by 6.9% (P < 0.01) (23). Kim et al. conducted another study involving 491 mixed-parity sows to explore the effects of feeding SCFP to sows during middle, late gestation and lactation on sow productivity, and they reported that SCFP supplementation increased litter weight gain for the multiparous sow (22). Similarly, Shen et al. reported the effects of supplementation of SCPF during whole gestation and lactation on sow and litter performance, and found that feeding 12 (gestation) and 15 g/d SCFP (lactation) to sows had no effect on reproductive performance of sows, but improved litter weight at weaning (P = 0.068) and litter weight gain (P = 0.084) (12). However, less is known about the effects of feeding SCFP to sows during late gestation and lactation on sow productivity, colostrum and milk composition, and antioxidant status under heat stress conditions.

Therefore, it is hypothesized that feeding SCFP to sows during the perinatal period can alleviate the negative impact of high THI as an indicator of heat stress, including poor lactation performance, colostrum and milk composition, and antioxidant status of sows in a subtropical climate.



MATERIALS AND METHODS


Experimental Design

This study was carried out as a 2 × 2 factorial treatment design, in which the first factor was environmental THI level [Low THI (08:00–19:00: 70.76 ± 0.45, 20:00–09:00: 67.91 ± 0.18, L-THI) or High THI (08:00–19:00: 75.14 ± 0.98, 20:00–09:00: 68.35 ± 0.18, H-THI)], and the second factor was dietary treatment (supplemented with or without 3 kg/t SCFP, Diamond V Original XPC, Diamond V, Cedar Rapids, IA). A total of 120 sows (Land-race × Yorkshire, parity 3–8) were randomly allotted to four treatments according to historical reproductive performance, body condition and parity (n = 30). The feeding trial was conducted from 85-days post-breeding until 21-days post-partum, and then sows were transferred to a mating house, and the estrus rate to 7 days post-weaning was recorded. The feeding trial was carried out in a commercial pig farm in a subtropical climate region, Jiangmen City, Guangdong province in China, in summer, 2015. Sows in the L-THI group were reared in pad-fan cooling house both in late gestation and lactation, while sows in H-THI group were reared in a traditional house with natural ventilation. The temperature and relative humidity were recorded using an automated thermo-hygrometer (W-series, Wangyunshan, Fujian, China). The THI was calculated using temperature and relative humidity as parameters according to the method of Wegner et al. (3): THI = [(1.8T) + 32—[0.55(RH/100)] × [((1.8T) + 32)−58], in which T is temperature in °C and RH is relative humidity in %. The environmental parameters are shown in Table 1.


Table 1. Environmental parameters (Mean ± SE).
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Diets and Management

The experimental diets were corn and soybean-based diets with ingredient composition and nutritional levels listed in Table 2. The nutritional levels met or surpassed the nutritional requirements of sows during late pregnancy and lactation (24). The feeding trial was conducted from 85-days post-breeding until 21-days post-partum. During late pregnancy, all sows were fed 2.5~3.5 kg/d experimental diet according to their body condition. At 111-days post-breeding, sows were transferred to a farrowing house, and had ad libitum access to the experimental diets and water until 21-days post-partum (at weaning). Piglets were cross-fostered within treatments by 48 h post-partum, and litter sizes were adjusted to 10 ± 1 piglets. Piglets were provided creep feed at 7-days of age. After weaning, sows were transferred to a breeding house, and the estrus rate to 7 days post-weaning was recorded.


Table 2. Composition and nutrient content of basal diets (as-fed basis).
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Data and Sample Collection


Sow Productivity

At parturition, the reproductive performance data were recorded, including the number of total born, born alive, weak (birth weight >0.8 kg), healthy piglets, litter birth weight, and individual birth weight. With-in 48 h post-parturition, piglets per litter were adjusted within treatment group, and the litter size, litter weight, and individual weight were recorded after being cross-fostered. Average daily gain of piglets, survival rate of piglets, lactation average daily gain of sows, and the estrus rate to 7 days post-weaning were recorded.



Serum Sample

A subset of 6 sows was randomly selected and sampled for blood using ear venipuncture method at day 85 of pregnancy, and day 0 and 14 of lactation. After sampling, blood was kept at room temperature for 1 h, and then centrifuged at 3,500 rpm for 10 min. The serum was separated, transferred into micro-tubes, and stored at −80°C until analysis.



Colostrum and Milk Sample

Colostrum, 14-days milk and 21-days milk were sampled within 24 h post-parturition, and day 14 and 21 of lactation, respectively. Milk samples were collected after intramuscular injection of 20 IU oxytocin and stored at −80°C until analysis.




Chemical Analysis


Colostrum and Milk Composition

The colostrum and milk composition including solids-not-fat, protein, lactose, and fat were analyzed via an automated milk analyzer (Milk-Yway-CP2, Beijing, China).



Antioxidant Status

Antioxidant status of serum, colostrum and milk were analyzed as described in our previous study (25–27) using commercially available kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). The antioxidant status estimates included T-AOC, GSH-Px activity, SOD activity, GSH content, and MDA content.




Statistical Analysis

Statistical analysis was conducted using General Linear Model procedure of SPSS 22.0 software (SPSS, INC., Chicago, IL, USA), arranged as a 2 × 2 factorial design with the THI level and dietary treatment being the main factors. The following model was used: Yijk = μ + Ai + Bj + (AB)ij + eijk, in which Yijk = dependent variable, μ = mean, Ai = THI level (i = L-THI or H-THI), Bj = dietary SCFP supplementation (j = yes or no), ABij = interaction effect between THI level and dietary treatment, eijk = random error. In case of a significant interaction, the significance of differences among treatments was detected using the Student Newman-Keuls Test. The estrus rate of sows during 7 days post-weaning and survival rate of piglets were analyzed as binomial traits (e.g., returned to estrus or not, survived or not) using chi-square test. Results were expressed as mean and SE except for the estrus rate of sows during 7 days post-weaning and survival rate of piglets as percentage. Probabilities <0.05 were regarded as significant, and probabilities >0.05 and <0.10 were regarded as tendencies among treatments.




RESULTS


Reproductive Performance

The effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on reproductive performance of multiparous sows in a subtropical climate are shown in Table 3. Compared with L-THI, sows from H-THI had lower individual piglet birth weight (P < 0.10). Dietary supplementation of SCFP did not affect the reproductive performance of sows (P > 0.10), averaged over temperature-humidity index treatment. The THI × diet interaction influenced the number of piglets born, live piglets born, healthy piglets and individual piglet birth weight (P < 0.05). The estrus rate of sows during 7 days post-weaning was unaffected by experimental treatments (P > 0.10).


Table 3. Effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on reproductive performance of sows in a subtropical climate (Mean ± SE)*.
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Lactation Performance

Table 4 shows the effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on lactation performance of multiparous sows in a subtropical climate. Compared with L-THI group, sows from H-THI group had lesser individual piglet weight at weaning (P < 0.10), average daily gain of piglets (P < 0.05), and lactation average daily feed intake of sows (P < 0.05). Compared to sows fed the control diet, sows fed the SCFP diet had greater number of pigs weaned (P < 0.10), litter weight at weaning (P < 0.05), and average daily gain of piglets (P < 0.10). The number of piglets weaned was affected by THI × diet interaction (P < 0.05). The survival rate of piglets was not impacted by experimental treatments (P > 0.10).


Table 4. Effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on lactation performance of sows in a subtropical climate (Mean ± SE)*.
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Colostrum and Milk Composition

The effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on colostrum and milk composition of multiparous sows in a subtropical climate is summarized in Table 5. The compositions of colostrum and 21-days milk were not influenced by experimental treatments (P > 0.10). However, compared with L-THI group, sows from H-THI group had lesser protein percentage in 14-days milk (P = 0.107), while dietary SCFP supplementation or THI × diet did not affect the composition of 14-days milk (P > 0.10).


Table 5. Effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on colostrum and milk composition of sows in a subtropical climate (Mean ± SE).
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The Antioxidant Status in Serum of Sows

The effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on antioxidant status in serum of multiparous sows in a subtropical climate is displayed in Table 6. At 85-days post-breeding, i.e., the start of the feeding trial, antioxidant status including T-AOC, GSH-Px activity, SOD activity, GSH content, and MDA content was not different among experimental groups (P > 0.10). Compared with the L-THI group, sows from H-THI group had lesser T-AOC (P < 0.10) and SOD activity (P < 0.10) in serum at parturition, and lesser T-AOC (P < 0.10) and GSH-Px activity (P < 0.05) in serum at 14-days post-partum. However, compared with sows fed the control diet, sows fed SCFP diet had greater T-AOC in serum at parturition (P < 0.05). However, the GSH content (P < 0.05) and MDA content (P = 0.107) in serum of sows at parturition were affected by THI × diet interaction.


Table 6. Effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on antioxidant status in serum of sows in a subtropical climate (Mean ± SE).

[image: Table 6]



The Antioxidant Status of Colostrum and Milk

Table 7 gives the effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on antioxidant status in colostrum and milk of multiparous sows in a subtropical climate. Compared with the L-THI group, sows from the H-THI group had lesser SOD activity in colostrum (P < 0.05). Compared to sows fed the control diet, sows fed the SCFP diet had lesser MDA content in colostrum (P < 0.10) and 21-days milk (P < 0.05). The antioxidant status in colostrum, 14-days and 21-days milk were not impacted by THI × diet interaction (P > 0.10).


Table 7. Effects of dietary supplementation of Saccharomyces cerevisiae fermentation product during late pregnancy and lactation on antioxidant status in colostrum and milk of sows in a subtropical climate (Mean ± SE).
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DISCUSSION


Reproductive Performance

The primary objective of this study was to investigate the effects of dietary supplementation of Saccharomyces cerevisiae fermentation product (SCFP) during late pregnancy and lactation on sow productivity, colostrum and milk composition, and antioxidant status of sows in a subtropical climate. In the present study, compared with sows from L-THI, sows from H-THI had lesser individual piglet birth weight (P < 0.10). It's reported that dietary supplementation of non-nutritive feed additives improved productive and physiological parameters of livestock (28, 29). However, dietary supplementation of SCFP did not affect reproductive performance of sows. Many researchers have demonstrated that yeast culture supplementation has no effect on reproductive performance, and their results are consistent (12, 22, 23, 30–32). Therefore, high THI impaired reproductive performance of sows, while dietary supplementation of SCFP did not affect reproductive performance.



Lactation Performance

In the present study, compared with L-THI group, sows from H-THI group had lower individual piglet weight at weaning (P < 0.10), average daily gain of piglets (P < 0.05), and lactation average daily feed intake of sows (P < 0.05), which indicates that H-THI impaired lactation performance of sows in a subtropical climate. However, SCFP supplementation improved lactation performance of sows, indicated by the increased number of piglets at weaning (P < 0.10), litter weight at weaning (P < 0.05), and average daily gain of piglets (P < 0.10). It appears that SCFP supplementation relieved some of the adverse effects of high THI on lactation performance of sows. Kim et al. reported feeding SCFP (12 and 15 g/days during gestation and lactation, respectively) to sows during middle and late pregnancy and lactation increased litter weight gain by 6.9% (P < 0.01) (23). Kim et al. conducted another study involving 491 mixed-parity sows to explore the effects of feeding SCFP to sows during middle, late gestation and lactation on sow productivity, and they reported that SCFP supplementation increased litter weight gain for the multiparous sow (22). Similarly, Shen et al. (12) reported the effects of supplementation of SCPF during whole gestation and lactation on sow and litter performance, and found that feeding 12 (gestation) and 15 g/days SCFP (lactation) to sows had no effect on reproductive performance of sows, but improved litter weight at weaning (P = 0.068) and litter weight gain (P = 0.084) (12), which is in agreement with our results. Considering the supplementation dosage of yeast culture, the present study was 3 kg/t with 2.5–3.5 kg/d (gestation) and 4.37–4.66 kg/d (lactation) feed intake. Thus, the calculated yeast culture intake was 7.5–10.5 kg/d (gestation) and 13.11–13.98 kg/d (lactation), which is similar to the dosage of other reports (12, 22, 23). Regarding experimental duration, our study was conducted during late gestation and lactation, the studies of Kim et al. (22, 23) were done during middle, late gestation and lactation, while the study of Shen et al. (12) was conducted throughout the pregnancy and lactation. Even with different experimental durations, results were consistent. Therefore, it is reasonable to conclude that high THI impaired lactation performance of sows, while dietary supplementation of SCFP improved lactation performance of sows.



Colostrum and Milk Composition

The nutritional composition and production of colostrum and milk is one of the main factors affecting the growth and development of nursing piglets (12). Many factors are impacting the composition and yield of colostrum and milk of dairy animals, such as animal breed, health status, environmental conditions and feeding program (33). Heat stress adversely affects the health of animals, and further negatively affects the composition and yield of colostrum and milk (33). Our results demonstrated that sows from H-THI had decreased protein percentage in 14-days milk (P = 0.107), which is probably mainly due to the decreased lactation feed intake of sows (P < 0.05). In our research, lactation feed intake and colostrum and milk composition were not improved by dietary supplementation of SCFP (P > 0.10). In agreement with our results, Shen et al. (12) reported that feeding SCFP to sows during the whole gestation and lactation did not impact the composition of colostrum and milk (12). Jang et al. directly fed live yeast to sows during pregnancy and lactation, and reported that live yeast had no beneficial effects on milk composition including fat, lactose, protein, solid-not-fat, and total solid (34). It is not clear how yeast culture can improve lactation performance of sows when the composition of colostrum and milk is unaffected. The most likely explanation is that yeast culture supplementation did not affect colostrum and milk composition of sows, but improved litter weight means through an increase of milk production (12). Therefore, H-THI negatively affected milk composition probably due to decreased lactation feed intake, while dietary supplementation of SCFP had no beneficial impact on colostrum and milk composition.



The Antioxidant Status in Serum of Sows

Sows during the perinatal period suffer from high oxidative stress status due to greater metabolic activity (9, 11). Heat stress has been reported to induce reactive oxygen species (ROS) production due to the similarities in responses observed following heat stress compared to that occurring following exposure to oxidative stress (35). It's reported that mannan oligosaccharides supplementation can improve productivity and health status of layer chickens (36) and rabbits (37). SCFP includes mannan oligosaccharides. In the present study, H-THI decreased T-AOC (P < 0.10) and SOD activity (P < 0.10) in the serum of sows at farrowing, and lower T-AOC (P < 0.10) and GSH-Px activity (P < 0.05) in the serum of sows at 14-days post-partum, demonstrating the effects of H-THI on the serum antioxidant status in sows. In agreement with our results, Zhao et al. reported that heat stress aggravated oxidative stress of sows (38). However, sows fed the SCFP diet had higher T-AOC in serum at parturition (P < 0.05) compared with sows fed the control diet. This indicates that SCFP supplementation successfully increased the antioxidant status of sows. In agreement with our results, it was reported that yeast polysaccharides possess antioxidant function in both in vivo and in vitro models (39, 40). It was also reported that feeding yeast products enhanced serum and intestinal antioxidant indexes of weaned piglets (41). Yao et al. extracted water-soluble components from yeast culture, and found that it could protect intestinal mucosal cells of grass carp (Ctenopharyngodon idella), in vitro, from MDA-induced damage through enhancing cellular antioxidant capacity (42). Therefore, H-THI negatively affected the antioxidant status of sows, while SCFP supplementation improved the antioxidant status of sows.



The Antioxidant Status in Colostrum and Milk

Colostrum and milk are very important and primary nutrient sources for newborns, and provide antioxidant protection for newborns in early life. Heat stress negatively affects antioxidant status in colostrum and milk, which indicates that heat stress may impact nursing babies. In the present study, compared with the L-THI group, sows from the H-THI group had lower SOD activity in colostrum (P < 0.05), which indicates that H-THI decreased the antioxidant status of colostrum. Compared to sows fed the control diet, sows fed the SCFP diet had lesser MDA content in colostrum (P < 0.10) and 21-days milk (P < 0.05), which indicates that SCFP supple-mentation increased the antioxidant status of colostrum and milk. Abuelo et al. reported that the redox balance of the colostrum had a significant effect on both calf oxidative status and passive immune transfer (43). The improved antioxidant status of colostrum and milk would help new-born piglets to enhance their poorly developed antioxidant system (44) and relieve upcoming weaning stress involving oxidative stress (45). Therefore, H-THI negatively affected the antioxidant status of colostrum, while SCFP supplementation improved the antioxidant status of colostrum and milk.




CONCLUSIONS

In conclusion, H-THI negatively affected the productivity, milk composition, antioxidant status, and lactation feed intake of sows. Dietary supplementation of SCFP partially alleviated the adverse effects of H-THI, improved lactation performance and antioxidant status of sows without influencing reproductive performance and colostrum and milk composition.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/supplementary material.



ETHICS STATEMENT

All animal protocols used in this study were approved by the South China Agricultural University Institutional Animal Care and Use Committee (SCAU-AEC-2010-0416).



AUTHOR CONTRIBUTIONS

WG and SZ: conceptualization. FC: methodology and supervision. MT and YuZ: software. JC, HS, and YuZ: validation. HQ: formal analysis. YL: investigation. YiZ: resources. HS: data curation. JC: writing original draft preparation and writing—review and editing. MT: visualization. SZ: project administration. WG: funding acquisition.



FUNDING

This research was supported by National Natural Science Foundation of the P. R. of China (Nos. 31802067 and 31872364) and the Natural Science Foundation of Guangdong Province (No. 2018A030310201).



ACKNOWLEDGMENTS

The authors thank Dr. Michael Brown for his help in the presentation of this manuscript.



REFERENCES

 1. Renaudeau D, Collin A, Yahav S, de Basilio V, Gourdine JL, Collier RJ. Adaptation to hot climate and strategies to alleviate heat stress in livestock production. Animal. (2012) 6:707–28. doi: 10.1017/S1751731111002448

 2. Wegner K, Lambertz C, Das G, Reiner G, Gauly M. Effects of temperature and temperature-humidity index on the reproductive performance of sows during summer months under a temperate climate. Anim Sci J. (2016) 87:1334–9. doi: 10.1111/asj.12569

 3. Wegner K, Lambertz C, Das G, Reiner G, Gauly M. Climatic effects on sow fertility and piglet survival under influence of a moderate climate. Animal. (2014) 8:1526–33. doi: 10.1017/S1751731114001219

 4. Chen J, Zhang F, Guan W, Song H, Tian M, Cheng L, et al. Increasing selenium supply for heat-stressed or actively cooled sows improves piglet preweaning survival, colostrum and milk composition, as well as maternal selenium, antioxidant status and immunoglobulin transfer. J Trace Elem Med Biol. (2019) 52:89–99. doi: 10.1016/j.jtemb.2018.11.010

 5. St.-Pierre NR, Cobanov B, Schnitkey G. Economic losses from heat stress by US livestock industries. J Dairy Sci. (2003) 86:E52–77. doi: 10.3168/jds.S0022-0302(03)74040-5

 6. El-Tarabany MS. Impact of temperature-humidity index on egg-laying characteristics and related stress and immunity parameters of Japanese quails. Int J Biometeorol. (2016) 60:957–64. doi: 10.1007/s00484-015-1088-5

 7. Zhang FJ, Weng XG, Wang JF, Zhou D, Zhang W, Zhai CC, et al. Effects of temperature-humidity index and chromium supplementation on antioxidant capacity, heat shock protein 72, and cytokine responses of lactating cows. J Anim Sci. (2014) 92:3026–34. doi: 10.2527/jas.2013-6932

 8. Black JL, Mullan BP, Lorschy ML, Giles LR. Lactation in the sow during heat stress. Livest Prod Sci. (1993) 35:153–70. doi: 10.1016/0301-6226(93)90188-N

 9. Tan C, Wei H, Sun H, Ao J, Long G, Jiang S, et al. Effects of dietary supplementation of oregano essential oil to sows on oxidative stress status, lactation feed intake of sows, and piglet performance. Biomed Res Int. (2015) 2015:525218. doi: 10.1155/2015/525218

 10. Kim SW, Weaver AC, Shen YB, Zhao Y. Improving efficiency of sow productivity: nutrition and health. J Anim Sci Biotechnol. (2013) 4:26. doi: 10.1186/2049-1891-4-26

 11. Berchieri-Ronchi CB, Kim SW, Zhao Y, Correa CR, Yeum KJ, Ferreira ALA. Oxidative stress status of highly prolific sows during gestation and lactation. Animal. (2011) 5:1774–9. doi: 10.1017/S1751731111000772

 12. Shen YB, Carroll JA, Yoon I, Mateo RD, Kim SW. Effects of supplementing Saccharomyces cerevisiae fermentation product in sow diets on performance of sows and nursing piglets. J Anim Sci. (2011) 89:2462–71. doi: 10.2527/jas.2010-3642

 13. Attia YA, Al-Harthi MA, El-Shafey AS, Rehab YA, Kim WK. Enhancing tolerance of broiler chickens to heat stress by supplementation with vitamin E, vitamin C and/or probiotics. Ann Anim Sci. (2017) 17:1155–69. doi: 10.1515/aoas-2017-0012

 14. Attia YA, Hamid AEHS, Ismaiel AM, de Oliveira MC, Al-Harthi MA, El-Naggar AS, et al. Nitrate detoxification using antioxidants and probiotics in the water for rabbits. Rev Colomb Cienc Pec. (2018) 31:130–8. doi: 10.17533/udea.rccp.v31n2a06

 15. Attia YA, Abd El Hamid EA, Ismaiel AM, El-Nagar A. The detoxication of nitrate by two antioxidants or a probiotic, and the effects on blood and seminal plasma profiles and reproductive function of New Zealand White rabbit bucks. Animal. (2013) 7:591–601. doi: 10.1017/S1751731112002054

 16. Liu J, Ye G, Zhou Y, Liu Y, Zhao L, Liu Y, et al. Feeding glycerol-enriched yeast culture improves performance, energy status, and heat shock protein gene expression of lactating Holstein cows under heat stress. J Anim Sci. (2014) 92:2494–502. doi: 10.2527/jas.2013-7152

 17. Jensen GS, Patterson KM, Yoon I. Yeast culture has anti-inflammatory effects and specifically activates NK cells. Comp Immunol Microbiol Infect Dis. (2008) 31:487–500. doi: 10.1016/j.cimid.2007.08.005

 18. Bruno RGS, Rutigliano HM, Cerri RL, Robinson PH, Santos JEP. Effect of feeding Saccharomyces Cerevisiae on performance of dairy cows during summer heat stress. Anim Feed Sci Technol. (2009) 150:175–86. doi: 10.1016/j.anifeedsci.2008.09.001

 19. Bruno RGS, Rutigliano H, Cerri RL, Robinson PH, Santos JEP. Effect of feeding yeast culture on reproduction and lameness in dairy cows under heat stress. Anim Reprod Sci. (2009) 113:11–21. doi: 10.1016/j.anireprosci.2008.06.007

 20. Zhu W, Zhang BX, Yao KY, Yoon I, Chung YH, Wang JK, et al. Effects of supplemental levels of Saccharomyces cerevisiae fermentation product on lactation performance in dairy cows under heat stress. Asian-australas J Anim Sci. (2016) 29:801–6. doi: 10.5713/ajas.15.0440

 21. Dias JDL, Silva RB, Fernandes T, Barbosa EF, Gracas LEC, Araujo RC, et al. Yeast culture increased plasma niacin concentration, evaporative heat loss, and feed efficiency of dairy cows in a hot environment. J Dairy Sci. (2018) 101:5924–36. doi: 10.3168/jds.2017-14315

 22. Kim SW, Brandherm M, Newton B, Cook DR, Yoon I, Fitzner G. Effect of supplementing Saccharomyces cerevisiae fermentation product in sow diets on reproductive performance in a commercial environment. Can J Anim Sci. (2010) 90:229–32. doi: 10.4141/CJAS09100

 23. Kim SW, Brandherm M, Freeland M, Newton B, Cook D, Yoon I. Effects of yeast culture supplementation to gestation and lactation diets on growth of nursing piglets. Asian-Austr J Anim Sci. (2008) 21:1011–4. doi: 10.5713/ajas.2008.70438

 24. NRC. Nutrient Requirements of Swine, 11th Rev. Edn. Washington, DC: Natl. Acad Press (2012).

 25. Chen J, Han JH, Guan WT, Chen F, Wang CX, Zhang YZ, et al. Selenium and vitamin E in sow diets: II. Effect on selenium status and antioxidant status of the progeny. Anim Feed Sci Technol. (2016) 221:101–10. doi: 10.1016/j.anifeedsci.2016.08.021

 26. Chen J, Han JH, Guan WT, Chen F, Wang CX, Zhang YZ, et al. Selenium and vitamin E in sow diets: I. Effect on antioxidant status and reproductive performance in multiparous sows. Anim Feed Sci Technol. (2016) 221:111–23. doi: 10.1016/j.anifeedsci.2016.08.022

 27. Chen J, Tian M, Guan W, Wen T, Yang F, Chen F, et al. Increasing selenium supplementation to a moderately-reduced energy and protein diet improves antioxidant status and meat quality without affecting growth performance in finishing pigs. J Trace Elem Med Biol. (2019) 56:38–45. doi: 10.1016/j.jtemb.2019.07.004

 28. Attia YA, Abd Al-hamid AE, Allakany HF, Alharthi MA, Mohamed NA. Necessity of continuing of supplementation of non-nutritive feed additive during days 21-42 of age following 3 weeks of feeding aflatoxin to broiler chickens. J Appl Anim Res. (2016) 44:87–98. doi: 10.1080/09712119.2015.1013964

 29. Attia YA, Allakany HF, Abd Al-Hamid AE, Al-Saffar AA, Hassan RA, Mohamed NA. Capability of different non-nutritive feed additives on improving productive and physiological traits of broiler chicks fed diets with or without aflatoxin during the first 3 weeks of life. J Anim Physiol Anim Nutr. (2013) 97:754–72. doi: 10.1111/j.1439-0396.2012.01317.x

 30. Veum TL, Reyes J, Ellersieck M. Effect of supplemental yeast culture in sow gestation and lactation diets on apparent nutrient digestibilities and reproductive performance through one reproductive cycle. J Anim Sci. (1995) 73:1741–45. doi: 10.2527/1995.7361741x

 31. Shen YB, Piao XS, Kim SW, Wang L, Liu P, Yoon I, et al. Effects of yeast culture supplementation on growth performance, intestinal health, and immune response of nursery pigs. J Anim Sci. (2009) 87:2614–24. doi: 10.2527/jas.2008-1512

 32. Shen YB, Fellner V, Yoon I, Kim SW. Effects of dietary supplementation of Saccharomyces cerevisiae fermentation product to sows and their offspring on growth and meat quality. Transl Anim Sci. (2017) 1:45–53. doi: 10.2527/tas2016.0005

 33. Bernabucci U, Basirico L, Morera P. Impact of hot environment on colostrum and milk composition. Cell Mol Biol. (2013) 59:67–83. doi: 10.1170/T948

 34. Jang YD, Kang KW, Piao LG, Jeong TS, Auclair E, Jonvel S, et al. Effects of live yeast supplementation to gestation and lactation diets on reproductive performance, immunological parameters and milk composition in sows. Livest Sci. (2013) 152:167–73. doi: 10.1016/j.livsci.2012.12.022

 35. Slimen IB, Najar T, Ghram A, Dabbebi H, Ben Mrad M, Abdrabbah M. Reactive oxygen species, heat stress and oxidative-induced mitochondrial damage. A review. Int J Hyperthermia. (2014) 30:513–23. doi: 10.3109/02656736.2014.971446

 36. Attia YA, Ellakany HF, Abd El-Hamid AE, Bovera F, Ghazaly SA. Control of Salmonella enteritidis infection in male layer chickens by acetic acid and/or prebiotics, probiotics and antibiotics. Arch Geflügelk. (2012) 76:239–45.

 37. Attia YA, Bovera F, El-Tahawy WS, El-Hanoun AM, Al-Harthi MA, Habiba HI. Productive and reproductive performance of rabbits does as affected by bee pollen and/or propolis, inulin and/or mannan-oligosaccharides. World Rabbit Sci. (2015) 23:273–82. doi: 10.4995/wrs.2015.3644

 38. Zhao Y, Flowers WL, Saraiva A, Yeum KJ, Kim SW. Effect of heat stress on oxidative stress status and reproductive performance of sows. J Anim Sci. (2011) 89:108.

 39. Pourahmad J, Shaki F, Tanbakosazan F, Ghalandari R, Ettehadi HA, Dahaghin E. Protective effects of fungal beta-(1->3)-D-glucan against oxidative stress cytotoxicity induced by depleted uranium in isolated rat hepatocytes. Hum Exp Toxicol. (2011) 30:173–81. doi: 10.1177/0960327110372643

 40. Kogan G, Stasko A, Bauerova K, Polovka M, Soltes L, Brezova V, et al. Antioxidant properties of yeast (1->3)-beta-D-glucan studied by electron paramagnetic resonance spectroscopy and its activity in the adjuvant arthritis. Carbohydr Polym. (2005) 61:18–28. doi: 10.1016/j.carbpol.2005.02.010

 41. Yang H-S, Wu F, Long L-N, Li T-J, Xiong X, Liao P, et al. Effects of yeast products on the intestinal morphology, barrier function, cytokine expression, and antioxidant system of weaned piglets. J Zhejiang Univ Sci B. (2016) 17:752–62. doi: 10.1631/jzus.B1500192

 42. Yao S, Ye Y, Cai C, Zhang B, Xiao P, Chen K, et al. Protective effect of water soluble material of yeast culture on malondialdehyde damaged intestinal mucosal cells in vitro of grass carp (Ctenopharyngodon idella). Chin J Anim Nutr. (2014) 26:2652–63. doi: 10.3969/j.issn.1006-267x.2014.09.027

 43. Abuelo Á, Pérez-Santos M, Hernández J, Castillo C. Effect of colostrum redox balance on the oxidative status of calves during the first 3 months of life and the relationship with passive immune acquisition. Vet J. (2014) 199:295–9. doi: 10.1016/j.tvjl.2013.10.032

 44. Yin J, Ren W, Liu G, Duan J, Yang G, Wu L, et al. Birth oxidative stress and the development of an antioxidant system in newborn piglets. Free Radic Res. (2013) 47:1027–35. doi: 10.3109/10715762.2013.848277

 45. Yin J, Wu MM, Xiao H, Ren WK, Duan JL, Yang G, et al. Development of an antioxidant system after early weaning in piglets. J Anim Sci. (2014) 92:612–9. doi: 10.2527/jas.2013-6986

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.

Copyright © 2020 Chen, Zhang, You, Song, Zhang, Lv, Qiao, Tian, Chen, Zhang and Guan. 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/images/fvets-07-00071-t005.jpg
Item

N
Colostrum
Solids-not fat (%)
Protein (%)
Lactose (%)

Fat (%)

14-days milk
Solids-not fat (%)
Protein (%)
Lactose (%)

Fat (%)

21-days milk
Solids-not fat (%)
Protein (%)
Lactose (%)

Fat (%)

H-THI, high temperature-humidity index: L-THI, low temperature-humidity index.

Control diet

6

214 £ 261
815 + 1.02
11.6+£1.27
5.33 + 0.723

10.7 + 0.224
3.94 + 0.091
5.98 + 0.073
7.00 + 0614

11.0 & 0.422
4.04 +£0.174
6.07 + 0.236
7.55 £ 0.811

L-THI

SCFP diet

6

21.2 £ 0.454
8.01 % 0.198
11.5 £ 0.232
5.62 + 0.923

10.4 + 0.382
4.04 +0.164
5.89 + 0.234
7.43 +0.883

113 £0.221
4.16 £ 0.083
6.27 £ 0.118
6.92 £ 0.248

Control diet

6

21.7 £ 0921
8.20 + 0.362
11.7 £ 0.451
518 + 1.59

10.7 £ 0.411
3.75 +0.103
5.74 + 0.693
6.17 + 0.691

10.9 + 0.293
403 £0.119
6.05 + 0.154
7.20 £ 0.464

H-THI

SCFP diet

6

200+223
7.56 + 0.881
108 £ 1.15
629 + 1.1

105 +0.124
3.86 + 0.044
6.02 +0.133
6.07 + 0.243

111 £0216
4.11 £ 0.084
6.19 +0.121
7.16 £0.463

THI

0.791
0.780
0.780
0.823

0.857
0.107
0.722
0.112

0.696
0.788
0.773
0915

P-value

Diet

0591
0574
0.604
0.539

0.486
0.340
0.580
0.804

0.374
0.350
0.356
0.547

THI x Diet

0.676
0.780
0.663
0.723

0.954
0.971
0.248
0.695

0.849
0.896
0.844
0.587





OPS/images/fvets-07-00071-t006.jpg
Item

N
85-days post-breeding
T-AOC (U/ml)

GSH-Px (U/ml)

SOD (U/ml)

GSH (mg/l)

MDA (nmol/m)
Parturition

T-AOC (U/ml)

GSH-Px (U/ml)

SOD (U/m)

GSH (mg/l)

MDA (mol/mL)
14-days post-partum
T-AOC (U/ml)

GSH-Px (U/ml)

SOD (U/ml)

GSH (mg/)

MDA (mol/mL)

Control diet

6

6.16 + 1.97
1071 £32.7
98.6 & 4.42
207 + 0.412
2.17 £0.434

2.71 £ 0.562
1455 & 90.7
149 + 3.58
2.97 £ 05712
1.49 £ 0.159

4.76 + 0619
1411 £ 739
116 + 6.54
438 £ 1.49
1.43 £0.129

L-THI

SCFP diet

6

730277
1329 + 169
99.2 +5.76
2.44 +0.891
2.76 = 0.699

3.32 = 0.301
1480 + 438
145 + 3.88
2.01 £ 0.363%
1.83 +0.141

471 +0.471
1212 £96.2
121 £6.71
424 £1.27
1.64 +0.110

Control diet

6

510 + 1.17
1162 + 64.0
88.0 + 8.40
2.07 + 0.414
1.99 + 0.353

1.83 + 0.202
1432 £ 111
142 + 4.47
1.89 + 02120
1.71 £0.133

3.76 + 0.314
1136 + 56.0
111+ 4.25
5.77 + 1.96
1.65 + 0.124

H-THI

SCFP diet

6

723 +154
1020 + 127
108 + 7.05
1.45 +0.429
2.00 £0.274

2.85 £0.344
1346 + 87.3
132 +£7.78
2.98 £ 05112
1.66 £ 0.142

4.17 £0.182
1130 & 61.5
118 £5.08
511£128
1.59 + 0.081

THI

0.776
0.322
0.866
0.406
0.334

0.001
0.379
0.084
0.904
0.861

0.074
0.028
0.531
0.468
0.423

P-value

Diet

0.418
0578
0.146
0.823
0.542

0.043
0.781
0.223
0.904
0.583

0.638
0.182
0.277
0.802
0.455

THI x Diet

0.804
0.100
0171
0.406
0.542

0.586
0531
0.580
0.033
0.107

0.578
0.207
0.929
0.867
0717

GSH, glutathione; GSH-Px, glutathione peroxidase; H-THI, high temperature-humidity index; L-THI, low temperature-humidity index; MDA, malondialdehyde; SOD, superoxide

dismutase; T-AOC, total antioxidant capacit






OPS/images/fvets-07-00071-t003.jpg
Item

N

Total no. of pigs born/litter
No. of live pigs born/ltter
No. of healthy pigs

No. of weak pigs/itter
Litter birth weight (kg)

Individual piglet birth weight (kg)
Estrus rate of sows during 7 days post-weaning (%)

L-THI
Control diet SCFP diet
30 30
122405012 11.1 4 0.463%
106+ 0362  10.5 &+ 0221%
10340333 10.1 & 0.423%
0.321£0.121 0396 +0.101
15540550 1550741
1.48 £ 0,041 1.58 +0.042°
90.0 96.7

H-THI
Control diet SCFP diet
30 30
10.7 £ 0471°  12.8 +0.424°
100+ 0.494° 118 & 0.405°
96:+£0462> 1130383
0.410£0.160 0561 +0.182
15040681 16640583
1.52:£0041%  1.41+0.031°
86.7 86.7

THI

0.824
0.209
0.251
0.115
0.644
0.095
0.224

P-value

Diet

0.234
0.183
0.164
0917
0.215
0.894
0.643

THI x Diet

0.001
0.003
0.005
0.321
0215
0.007
NA

H-TH, high temperature-humidty index; L-THI, low temperature-humicity index, NA, not avaiable.
“Results were expressed as mean and SE except for the estrus rate of sows during 7 days post-weaning as percentage. Values within a row with different superscriots differ significantly

atP < 0.05.





OPS/images/fvets-07-00071-t004.jpg
Item

N
No. of piglets per ltter after cross-foster
Birth weight after cross-foster (kg)

Incividual piglet weight after cross-foster (k)
No. of pigs weaned/litter

Litter weight at weaning (kg)

Incividual pigs weight at weaning (kg)

Piglet ADG (g/clays)

Lactation ADFI (kg/days)

Survival rate of piglets (%)

ADG, average daily gain; ADFI, average daily feed intake; H-THI, high temperature-humidity index; L-THI, low temperature-humidity index, NA, not available.

L-THI

Control diet

30
10.4 +0.232
16.6 & 0.421
151 +0.032
9.14 + 0.271%
456 + 2.16
4.96 £ 0.153
165+ 6
4.59 £ 0.074
88.0

SCFP diet

30
103 + 0.211
15.3 + 0.451
1.48 + 0.043
9.09 + 0.262%
481 + 1.54
532 + 0.132
183+ 5
4.66 +0.103
879

H-THI

Control diet

30
9.6 + 0.308
14.4 £ 0.662
150 + 0.042
877 +0.261°
42.4 £ 1.50
4.85 % 0.121
159+ 5
4.41 £ 0,001
88.4

SCFP diet

30
10.7 + 0.244
16.1 £ 0.571
150 &+ 0.041
9.86 + 0.362%
480 +2.14
491 £0.162
1617
4.37 £ 0.042

9.0

THI

0.436
0.742
0939
0.484
0.382
0.072
0.029
0.003
0611

P-value

Diet

0.126
0.183
0.837
0.073
0.032
0.138
0.008
0.456
0.984

THI x Diet

0.263
0.072
0.738
0.049
0.405
0.281
0.191
0.815
NA

“Results were expressed as mean and SE except for the survival rate of piglets as percentage. Values within a row with different superscripts differ significantly at P < 0.05.





OPS/images/fvets-07-00071-t007.jpg
Item

N
Colostrum
T-AOC (U/ml)
GSH-Px (U/ml)
SOD (U/ml)
GSH (mg/L)
MDA (nmol/mL)
14-days milk
T-AOC (U/ml)
GSH-Px (U/ml)
SOD (U/m)
GSH (mg/l)
MDA (mol/mL)
21-days milk
T-AOC (U/ml)
GSH-Px (U/mL)
SOD (U/ml)
GSH (mg/L)
MDA (mol/mL)

L-THI

Control diet

6

10.7 +£ 2.67
843 + 655
167 £ 5.97
5.41+1.03
2.07 £0.201

9.66 + 0.383
76.6 + 26.0
146 + 2.85
663 &+ 3.59
5.24 +0.381

8.50 + 3.66
99.8 + 18.0
139 + 8.02
885+ 239
3.48 £ 0.211

SCFP diet

6

11.3 £ 0.954
112+ 218
165 + 1.66
8.49 +1.09
1.20 £ 0.214

128 £ 4.71
108 & 14.3
151 £ 4.16
65.0 £ 15.1
4.43 £ 0.393

11.3 £ 3.60
89.0 + 4.47
149 + 9.68
64.8 + 888
228 £ 0.283

H-THI

Control diet

6

109 + 1.47
846+ 108
154 +£7.28
6.74 + 1.99
1.80 & 0.663

104 + 1.22
66.5 £ 21.0
164 + 5.35
58.1 & 1.49
5.13 + 0.282

9.63 + 1.46
97.1 £ 10.1
146 + 7.02
721 £ 1563
3.06 + 0.372

SCFP diet

6

12.3 £ 205
90.3 + 10.4
163 £ 2.42
6.04 + 0.69
1.20 £ 0.312

188 £ 5.73
96.4 4276
147 £ 3.37
5724278
5.07 £+ 0.346

7.89 £ 1.32
97.1 £ 133
162 £ 598
733+ 7.48
228 + 0.421

THI

0.741
0.443
0.025
0.671
0.719

0.393
0619
0.665
0.642
0.471

0.683
0.832
0.562
0.797
0.524

P-value

Diet

0611
0.238
0.796
0.379
0.068

0.145
0.202
0.893
0972
0.299

0.850
0671
0.312
0.473
0.008

THI x Diet

0.839
0.430
0.910
0.165
0715

0.497
0950
0.161
0.985
0.303

0.419
0.671
0.789
0.427
0.524

GSH, glutathione; GSH-Px, glutathione peroxidase; H-THI, high temperature-humidity index; L-THI, low temperature-humidity index; MDA, malondialdehyde; SOD, superoxide

dismutase; T-AOC, total antioxidant capacit






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Effects of Dietary Supplementation of Saccharomyces cerevisiae Fermentation Product During Late Pregnancy and Lactation on Sow Productivity, Colostrum and Milk Composition, and Antioxidant Status of Sows in a Subtropical Climate



		Introduction



		Materials and Methods



		Experimental Design



		Diets and Management



		Data and Sample Collection



		Sow Productivity



		Serum Sample



		Colostrum and Milk Sample









		Chemical Analysis



		Colostrum and Milk Composition



		Antioxidant Status









		Statistical Analysis







		Results



		Reproductive Performance



		Lactation Performance



		Colostrum and Milk Composition



		The Antioxidant Status in Serum of Sows



		The Antioxidant Status of Colostrum and Milk







		Discussion



		Reproductive Performance



		Lactation Performance



		Colostrum and Milk Composition



		The Antioxidant Status in Serum of Sows



		The Antioxidant Status in Colostrum and Milk







		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Veterinary Science

The Effects of Dietary
Supplementation of Saccharomyces
cerevisiae Fermentation Product
During Late Pregnancy and Lactation
on Sow Productivity, Colostrum and
Milk Composition, and Antioxidant
Status of Sows in a Subtropical
Climate





OPS/images/fvets-07-00071-t001.jpg
Item

08:00-19:00
THI

Temperature (°C)
Relative humity (%)
20:00-09:00

THI

Temperature (°C)
Relative humidity (%)

L-THI group

70.8 £ 0.451
286 + 0.313
918+ 123

67.9 £ 0.182
26.3 +0.121
98.6 + 0.283

H-THI group

75.1 £ 0.980
31.0 + 0.564
798 £ 241

68.4 £0.183
26.7 £ 0.140
96.5 + 0.511

P-value

<0.001
<0.001
<0.001

0.573
0.468
0.206

The data were analyzed using T-test of SPSS 22.0 software (SPSS, INC., Chicago,

IL, USA).

H-THI, high temperature-humidity index; L-THI, low temperature-hurnidity index.





OPS/images/fvets-07-00071-t002.jpg
Item Composition Item Nutrient

content
Ingredient, g/kg Calculated composition, unit
Com 5848  DE,MJkg 14.31
Wheat bran, 15.7% CP 800  CRgkg 179.9
Soybean meal, 42.0% CP 2400  CF gkg 315
Fish meal, 64% CP 200 Ash.gkg 59.2
Palm oil 40.0 Fat, g/kg 68.2
Dicalcium phosphate 3.0 Ca, gkg 10.2
Limestone 16.0 Total P, g/kg 7.9
Salt 30 Available P, g/kg 52
Sodium bicarbonate 20 Digestible Lys, g/kg 84
Sodium Sulfate 4.0 Digestible Met+Cys, g/kg 4.9
Vitamin and mineral premix® 30 Digestible Th, g/kg 68
Choline chloride (50%) 2.0 Digestible Trp, g/kg 18
Vitamin C (95%) 02
L-Thr 1.0
Total 1000.0

Vitamin and mineral premix supplied per kiogram of complete diet: 100mg
Zn @nSOsHz0), 80mg Fe (FeSO4Hz0), 25mg Mn (MnSOqH0), 20mg Cu
(CuSO4+5H;0), 0.14mg I (CalzOg), 0.3mg Se (NazSeOg), 13,000 1U vitamin A, 4,000 U
vitamin D, 30 1U vitemin E, 4mg vitamin Ks, 4mg vitamin By, 10 mg vitamin Bz, 4.8mg
vitamin B, 0.034 mg vitamin B12, 40mg niecin, 20mg D-pantothenate, 2mg folic acid,
0.16 mg D-biotin.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Veterinary Science





