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Currently, Chinese herbal feed additives (CHFA) are commonly utilized in domestic pig farms. However, their impact on the sperm quality and reproductive capacity of imported breeding boars has yet to be thoroughly explored. In this study, the effect of CHFA on the sperm quality and reproductive capacity of the imported Duroc boars was investigated. Sixteen boars were randomly divided into control group and experimental (CHFA treated) group and fed normal or CHFA-levels containing diets, respectively. The sperm quality and reproductive hormone levels were periodically tested, and the reproductive capacity with breeding sows were evaluated. The results showed that the CHFA treated group boars significantly improved sperm volume, sperm concentration, and motility and reduced the sperm abnormalities. Furthermore, the serum levels of reproductive hormone such as follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone (T) in the CHFA treated group were significantly higher than those in the control group. Although there was no significant difference in the initial birth weight of piglets between the two groups, the CHFA treated group had a significantly higher average number of piglets born, the average number of piglets born alive, the number of piglets weaned at 28 days, and the weaning weight compared to the control group. These findings suggest that CHFA can significantly improve the sperm quality of breeding boars and enhance their reproductive hormone levels as well as the reproductive capacity, providing direct evidence for the further application of CHFA in the management of breeding boars in China.
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1. Introduction

Chinese herbal medicine (CHM) is a traditional medicinal practice that utilizes various plant parts and extracts for therapeutic purposes, they are known for their medicinal properties (1–4), natural ingredients (5, 6), and diverse functions (1, 7), making the CHM used as a promising adjunctive therapy and feed additive (4, 6, 8–10). In general, CHM are considered naturally multifunctional and have minimal toxic side effects, low drug resistance, and reduced drug residue levels (11, 12). Chinese herbal feed additives (CHFA) are feed additives for animals that contain a combination of CHM. CHFA are becoming increasingly popular as a dietary supplement for animals due to their many beneficial effects (13, 14). Studies have found that they can improve the overall health and performance of animals (15, 16), as well as help to protect against some viruses’ infection and reduce their risk of diseases (17–22). Additionally, CHFA are cost-effective, making them an attractive option for farmers looking for animal feed additives. Furthermore, CHFA are an environmentally friendly alternative to traditional animal feed additives and can help reduce the amount of waste produced from animal feed production. Consequently, there has been increasing interest in the use of CHFA in animal nutrition (23, 24).

In recent years, the outbreak of African swine fever (ASF) and other highly contagious swine diseases has significantly impacted pig breeding and genetic resource preservation (25–28). To minimize disease transmission, artificial insemination is widely used in pig farming (29–31). However, the quality of boar sperm can be affected by factors such as storage time and management techniques. Traditional methods of improving sperm quality include breed selection and feeding management (32), but there is growing interest in the use of CHFA due to their significant benefits in animal nutrition. Studies have shown that CHM can improve the quality of boar sperm, including ejaculation volume, sperm motility, and reduce the sperm abnormality rate (33). Moreover, CHM is also used as an antioxidant for sperm preservation, with the addition of herbs such as resveratrol, icariin, tanshinone, rosmarinic acid, and Ganoderma lucidum polysaccharides prolonging sperm storage time and improving sperm quality (34). Thus, the use of CHFA in pig farming has garnered increasing attention for their potential to improve the quality and immune function of boar sperm, especially for imported boar semen.

China’s vast land and abundant resources provide unique opportunities for studying the effectiveness of CHMs as feed additives in improving the boar sperm quality (8). Due to the natural properties and multifunctional effects, CHMs hold great potential in improving the reproductive capacity of breeding boars and promoting the growth performance, antioxidant capacity, and intestinal microflora balance in weaned pigs (8, 35). Despite this potential, research on the use of CHFA for improving the quality of imported boar semen and reproductive capacity remains limited. To address this gap, we focus on the American Duroc boar as the research object and evaluating the impact of CHFA on breeding boar semen quality, serum reproductive hormone levels, as well as the reproductive capacity. To achieve this, relevant indicators of boar sperm quality will be assessed following the addition of CHFA to the daily diet of breeding boars. The findings of this study offer novel insights into the roles of CHMs in improving the production capacity of breeding boars.



2. Materials and methods


2.1. Experimental design and animals

In this experiment, 16 American Duroc boars were selected based on similar background including ages (~23 months), weights (~270 kg), and other aspects. The breeding boars were randomly allocated into two groups: the experimental group (8 boars) and the control group (8 boars), and the experiment was carried out accordingly. The animals were maintained in the laboratory animal center of Shanghai Academy of Agricultural Sciences and processed in compliance with the Shanghai Academy of Agricultural Sciences Guide for the Care and Use of Laboratory Animals. The animal experiments protocol was approved by the Animal Ethical Committee of Shanghai Academy of Agricultural Sciences, China (approval no. SAASPZ0522066).



2.2. Experimental and housing conditions

Each individual animal is housed in an adjacent pen of approximately 8 m2, which is equipped with an environmentally controlled slatted floor facility. During the entire experimental period (from August to November 2020), the animals had free access to feed and water, which were pro-vided via a self-feeder and nipple drinker, respectively. The temperature and humidity inside the pigsty were controlled within appropriate ranges during the experiment: the temperature was maintained between 16°C and 25°C, and the humidity was kept at 65%.



2.3. Chinese herbal feed additive and diets

The CHFA, which named “YiYangKang” (catalog no. 210509) was purchased from Hubei Jiulingcao Biotechnology Inc., Hubei, China. It is a powder extract mainly comprises Epimedium, Astragalus, Codonopsis, Atractylodes, and other ingredients. A basal diet without antibiotics was purchased from CARGILL FEED JIAXING Ltd. Co., Jiaxing, China. Throughout the entire experimental period, the control group received the normal diet, while the experimental group (CHFA treated group) received the normal diet supplemented with 1 kg/ton of CHFA according to the manufacturer’s instruction.



2.4. Feeding procedures

The feeding method for the experimental and control groups of breeding boars followed the standard feeding protocols for normal boars. Specifically, boars were fed twice daily at regular times, provided with free access to water, and exercised for approximately 2 kilometers.



2.5. Semen collection and assessing sperm viability and abnormality

During the experiment, all boars underwent normal semen collection procedures, as described in the previous studies (36–38). Briefly, semen samples were collected weekly for a total of 16 times from the 16 pigs in the control and CHFA treated groups. Semen was collected routinely by artificial vagina technique (pre-warmed at 42°C) by the same qualified researchers. After semen collection, semen was transferred directly into the laboratory. Then, the volume (mL), sperm concentration (billion/mL), sperm motility (%), and sperm abnormality rate (%) were recorded during each collection. The sperm parameters were analyzed using a specialized sperm detection analyzer (model XY-18) developed by Shanghai Xiangxin Livestock Ltd. Co., Shanghai, China.



2.6. Enzyme-linked immunosorbent assay

To investigate the variations in reproductive hormone levels in boars, we collected venous blood samples before and after feeding them with CHFA. Throughout the experimental period, we continued to collect blood samples every 7 days. Subsequently, the serum was separated after centrifugation (2,000 rpm, 30 min, 4°C) and stored at-80°C, and the serum concentrations of reproductive hormones, including follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone (T) were quantified using ELISA kits (Shanghai Keshun Biotechnology Inc., Shanghai, China), as described in the method by Li et al. (36).



2.7. Boar reproductive capacity assessment

To evaluate the impact of the CHFA on boar reproductive capacity, we conducted a study using Large White sows (~13 months old) in a natural estrus state that lasted approximately 21 days. During the estrus cycle, we used the collected sperm samples for artificial insemination of binary sows. Subsequently, the litter size at birth, number of live births, number of 28-day weaned piglets, as well as the birth weight and 28-day weaning weight of piglets were measured and evaluated throughout the experiment.



2.8. Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.0 software (GraphPad Software Inc., San Diego CA). The statistical significance was calculated using student’s t-test, and the group treated with the herbal feed additive was compared to the control group. Each measurement was performed at least three independent experiments, and the results were presented as mean ± standard deviation (SD). Statistical significance was defined as a p < 0.05 and high statistical significance was defined as p < 0.01, 0.001 or 0.0001.




3. Results


3.1. The influence of CHFA on the nutrient content of the breeding boar diet

To eliminate the differences in nutrient content of the boar diet between the control and experimental groups, as well as the effect of CHFA on the nutrient content of the boar diet, we first randomly sampled the boar diets before and after the addition of the CHFA and determined the relevant nutrient content. The nutrient content of the two types of diet is shown in Table 1, which indicates that the addition of the CHFA has no significant effect on the nutrient content of the boar diets, which suggests that the use of CHFA as a feed additive for breeding boars does not affect the overall nutrient composition of their diet.



TABLE 1 Ingredient composition and analyzed nutrient contents of breeding boars’ diet.
[image: Table1]



3.2. CHFA can promote the boar sperm production

To investigate the potential impact of CHFA on boar sperm production, we tracked and analyzed the boar sperm volume over a 4-month experimental period from August to November (Figure 1). We found that the total sperm volume of control and CHFA treated groups were 209.2 ± 12.94 (mean ± SD), and 249.0 ± 37.85, respectively (Table 2). This result proved that the breeding boars of CHFA treated group had a significantly higher sperm volume than the ones in control group (Figure 1A). Further analysis showed that although there was no significant difference in sperm volume between the control and experimental groups in August (Figure 1B), the CHFA treated group consistently had a significantly higher sperm volume in the other 3 months (Figures 1C,D). These findings suggest that the sperm volume of boars may be positively influenced by the addition of CHFA to their diet, with the CHFA treated group showing a continuous increase in sperm volume compared to the control group throughout the experimental period (Table 2). Notably, the nutrient content of the boar feed was not affected by the addition of CHFA, indicating that this increase in sperm volume was not due to changes in the overall nutrient composition of the diet.

[image: Figure 1]

FIGURE 1
 Effects of CHFA as a dietary additive on sperm production in breeding boars. (A) Depicts the overall effect of CHFA on sperm production in breeding boars. (B–E) Show the specific effects of CHFA on sperm production in breeding boars during different months (August, September, October, and November, respectively) compared to the control group. The x-axis represents different treatment groups, while the y-axis represents sperm production volume (n = 8/group). “*” means p < 0.05; “***” means p < 0.001. ns means not significant.




TABLE 2 Effects of Chinese herb feed additive treatments on the sperm quality parameters of breeding boars.
[image: Table2]



3.3. CHFA can significantly increase the boar sperm concentration

Sperm concentration is an important indicator of the sperm quality. In order to investigate the effect of CHFA on boar sperm concentration, we conducted concentration analysis on the collected sperm samples. Similar to the method of measuring the boar sperm volume, we tracked and analyzed the sperm concentration of the control group and the experimental group of male breeding pigs during the four-month experimental period. We found that the total sperm concentration of control and CHFA treated groups were 3.898 ± 0.4415 (mean ± SD), and 4.303 ± 0.6590, respectively (Table 2). This result showed that compared with the control group, the boar sperm concentration in the CHFA group was significantly higher (p = 0.0011; Figure 2A). To clarify whether boar sperm concentration changed with the increasing addition of CHFA, we further analyzed the changes in boar sperm concentration during the experimental period. The results showed that except August, where has no significant difference in sperm concentration between the CHFA treated group and the control group of the boars (p = 0.9729; Figure 2B). However, in the remaining three months, the boar sperm concentration in the CHFA treated group was significantly higher than that in the control group (September, p = 0.0336; October, p = 0.0040; November, p = 0.0443; Figures 2C,D). These results suggest that boar sperm concentration is positively associated with CHFA addition (Table 2). In other words, compared to the control group of boars without CHFA addition, the boar sperm concentration in the experimental group continued to increase with the increasing addition of CHFA over time.

[image: Figure 2]

FIGURE 2
 Effects of CHFA as a dietary additive on sperm concentration in breeding boars. (A) Depicts the overall effect of CHFA on sperm concentration in breeding boars. (B–E) Show the specific effects of CHFA on sperm concentration in breeding boars during different months (August, September, October, and November, respectively) compared to the control group. The x-axis represents different treatment groups, while the y-axis represents the sperm concentration (n = 8/group). “*” means p < 0.05; “**” means p < 0.01. ns means not significant.




3.4. CHFA can significantly enhance the boar sperm motility

Sperm motility, which refers to the percentage of forward-moving sperm in semen, is a critical indicator of sperm quality. In boars, sperm motility is closely associated with the fertility rate of female pigs and is, therefore, a primary factor for evaluating semen quality. In order to investigate the effect of CHFA on sperm motility in boars, we further measured the sperm motility of the control group and the CHFA treated group of boars. We tracked and analyzed the boar sperm motility in both groups during the four-month experimental period from August to November. We found that the total sperm motility of control and CHFA treated groups were 70.21 ± 6.782 (mean ± SD), and 77.01 ± 6.061, respectively (Table 2). This result showed that the boar sperm motility in the CHFA treated group was significantly higher compared to the control group (p < 0.0001; Figure 3A). Further analysis showed that the boar sperm motility in the CHFA treated group was significantly higher than that in the control group during the experimental period (August, p = 0.0016; September, p = 0.0099; October, p = 0.0183; November, p = 0.0391; Figures 3C,D). These results indicate that CHFA can significantly enhance the boar sperm motility.
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FIGURE 3
 Effects of CHFA as a dietary additive on sperm motility in breeding boars. (A) Depicts the overall effect of CHFA on sperm motility in breeding boars. (B–E) Show the specific effects of CHFA on sperm motility in breeding boars during different months (August, September, October, and November, respectively) compared to the control group. The x-axis represents different treatment groups, while the y-axis represents the sperm motility (n = 8/group). “*” means p < 0.05; “**” means p < 0.01; “****” means p < 0.0001.




3.5. CHFA addition can significantly reduce the sperm abnormality rate

Sperm abnormality rate is the proportion of abnormal sperm to total sperm, where abnormal sperm refers to those with abnormal morphology or function. Abnormal sperm may not fertilize normally or produce healthy offspring. The abnormal sperm rate of boars is an important indicator for evaluating their reproductive capacity and fertility. Generally, the lower the sperm abnormality rate of boars, the stronger their reproductive ability, and the healthier their offspring. In order to investigate the effect of CHFA on the sperm abnormality rate in breeding boars, we measured the abnormality rate of semen samples collected from the control group and the CHFA treated group. The sperm abnormality rate in both groups of breeding boars was tracked and analyzed during the 4-month experimental period (August, September, October, and November). We found that the total sperm abnormality rate of control and CHFA treated groups were 17.48 ± 0.4274 (mean ± SD), and 14.80 ± 1.878, respectively (Table 2). This result showed that the sperm abnormality rate in breeding boars with CHFA addition was significantly lower than that in the control group (p < 0.0001; Figure 4A). Further results showed that during each month, the sperm abnormality rate in breeding boars with CHFA addition was significantly lower than that in the control group (August, p = 0.0004; September, p = 0.0039; October, p = 0.0089; November, p = 0.0060; Figures 4C,D). These results indicate that CHFA can significantly reduce the sperm abnormality rate in breeding boars.

[image: Figure 4]

FIGURE 4
 Effects of CHFA as a dietary additive on sperm abnormalities in breeding boars. (A) Depicts the overall effect of CHFA on sperm abnormalities in breeding boars. (B–E) Show the specific effects of CHFA on sperm abnormalities in breeding boars during different months (August, September, October, and November, respectively) compared to the control group. The x-axis represents different treatment groups, while the y-axis represents the sperm abnormalities (n = 8/group). “**” means p < 0.01; “***” means p < 0.001; “****” means p < 0.0001.




3.6. CHFA addition promotes the serum reproductive hormone levels

The serum reproductive hormone levels in breeding boars provide valuable insights into their growth performance, nutrition, and development. By measuring these hormone levels, pig farms can optimize feeding management measures. In order to clarify the effect of the CHFA on the serum reproductive hormone levels of breeding boars, we next detect the reproductive hormone levels (including follicle-stimulating hormone, FSH; luteinizing hormone, LH; and testosterone, T) in the serum of breeding boars (Figure 5). We found that the FSH level in the control group was 0.7750 ± 0.0363 (mean ± SD) before CHFA treatment and 0.7338 ± 0.0350 after CHFA treatment, the LH level was 1.704 ± 0.1203 before CHFA treatment and 1.696 ± 0.0923 after CHFA treatment, and the testosterone level was 35.29 ± 2.867 before CHFA treatment and 34.71 ± 2.289 after CHFA treatment, respectively (Table 3). These results suggested that there was no significant change in the levels of FSH (p = 0.1443) (Figure 5A), LH (p = 0.4595; Figure 5B), and testosterone (p = 0.5066; Figure 5C) in the serum of breeding boars in the control group throughout the entire experimental period. However, after CHFA was added to the diet of breeding boars, the content of FSH (p < 0.0005; Figure 5A), LH (p < 0.0181; Figure 5B), and testosterone (p < 0.0027; Figure 5C) in their serum significantly increased compared to before the CHFA addition (Table 3). This result indicates that adding CHFA to the diet can significantly promote the serum contents of FSH, LH, and testosterone in breeding boars.

[image: Figure 5]

FIGURE 5
 CHFA significantly increased the serum levels of FSH, LH, and T in breeding boars. The study measured the serum levels of these hormones, including (A), LH (B), and T (C) in breeding boars before and after CHFA addition, with the x-axis representing the different groups and the y-axis representing the level of serum reproductive hormones. “*” means p < 0.05; “**” means p < 0.01; “***” means p < 0.001.




TABLE 3 Effects of Chinese herb feed additive treatments on the serum reproductive hormone parameters of breeding boars.
[image: Table3]



3.7. CHFA addition enhance breeding boar’s reproductive capacity when mating with sows

The litter size, number of live births, and number of piglets weaned at 28 days old are important indicators of sow reproductive capacity, which is closely related to the quality of boar sperm. Our study has demonstrated that the addition of CHFA to the diet of boars can significantly improve sperm quality and hormone levels in breeding boars, which suggests that using sperm from these breeding boars can result in more litters and better piglet production performance. To confirm the impact of adding CHFA to the diet of boars on the reproductive capacity of breeding sows, we mated 120 dual-element sows with boars in both the control and CHFA treated groups. We then recorded the litter size, number of live births, and number of piglets weaned at 28 days old for each dual-element sow after mating. The results revealed that adding CHFA to the diet of boars significantly increased the litter size, number of live births, and number of piglets weaned at 28 days old of the sows (Figure 6). Therefore, it can be concluded that the addition of CHFA to the diet of boars can significantly enhance the reproductive capacity of breeding sows when using sperm from these breeding boars.

[image: Figure 6]

FIGURE 6
 CHFA addition increase the reproductive capacity of breeding boars when mating with sows. In this study, the experimental group of boars was provided with feed supplemented with CHFA, while the control group was fed a basic diet without CHFA. Semen samples were collected from both groups of boars for insemination of sows, and reproductive performance was evaluated by measuring piglet number per sow, live piglet number per sow, and weaned piglet number at 28 days old. The x-axis represents piglet per sow, live piglet per sow, and weaned piglets for the control and CHFA treated groups of boars after insemination with sows, while the y-axis represents the number of piglets delivered. The results show that CHFA significantly improves the reproductive performance of boars when mating with sows. “*” means p < 0.05.




3.8. The effects of the CHFA on the average birth weight and weight gain of piglets

In order to clarify the impact of adding CHFA to the diet of breeding boars on the average birth weight and weight gain of piglets born to sows inseminated with serum from these boars, we analyzed the differences in these parameters between sows in the control and CHFA treated groups. The results showed that there was no significant difference in the average birth weight of piglets born to sows inseminated with serum from either group (Figure 7). However, the weaning weight of piglets born to sows inseminated with serum from the CHFA treated group was significantly higher than that of piglets born to sows inseminated with serum from the control group (Figure 7). We further analyzed the difference in weight gain between the weaning weight and birth weight of piglets born to sows in both the control and CHFA treated groups at 28 days after birth. The results showed that although the weight gain of piglets born to sows inseminated with serum from both groups increased significantly, the increase amount in weight gain for the CHFA treated group was greater than that of the control group (Figure 8). These findings suggest that adding CHFA to the diet of boars can promote the weight gain of piglets born to sows inseminated with sperm from these breeding boars.

[image: Figure 7]

FIGURE 7
 CHFA addition can significantly enhance the piglets’ weaning weight born to sows inseminated with sperm from these breeding boars. The control group (A) was fed with a basic diet without CHFA, while the experimental group (B) of breeding boars was fed with CHFA-supplemented feed. Sperm was collected from both groups of boars to inseminate sows, and the growth performance of their offspring was evaluated by measuring the average weight of piglets at day 28 (piglet average weight). The results were used to assess the effect of CHFA supplementation on the growth performance of the boar offspring. The x-axis represents the two weight parameters (primary birth weight or weaning weight), and the y-axis represents the average weight of the piglet. “**” means p < 0.01. ns means not significant.


[image: Figure 8]

FIGURE 8
 CHFA addition can significantly enhance the weight gain of piglets born to sows inseminated with sperm from these breeding boars. The control group (A) was fed with a basic diet without CHFA, while the experimental group (B) of breeding boars was fed with CHFA-supplemented feed. Sperm was collected from both groups of boars to inseminate sows, and the weight gain (weaning weight minus primary birth weight) of their offspring in each group was calculated. The results were used to assess the effect of CHFA supplementation on the weight gain of the boar offspring. The x-axis represents the weight gain at 28 days after birth, and the y-axis represents the time of birth (day 0) or weaning at 28 days (day 28). “****” means p < 0.0001.





4. Discussion

Recently, the artificial insemination (AI) has been extensively used in swine industry to leverage the superior genetic background and enhanced fertility of boars and sows (39–42). In the current context of normalizing African swine fever (ASF) in China, AI is widely adopted for both large- and small-scale pig farms to minimize disease transmission. The introduction of new breeds often involves the use of imported boar sperm, leading to an increase in the frequency of boar sperm collection, which directly affects the health status of piglets. Previous studies have shown that some extracts from CHM or chemical substances have protective effects on fresh sperm (43, 44). Hashem et al. found that feeding male rabbits with plant extracts significantly enhanced the sperm quality and antioxidant capacity, mainly through high-density lipoprotein transporting cholesterol to the steroid-producing tissue similar to the testis, and eliminating excess low-density lipoprotein through the liver (45). Zhou and co-workers demonstrated that adding taxifolin (TAX) to the basal diet could improve boar semen quality by increasing sperm motility and sperm concentration (46). Another study reported that dietary supplementation of antioxidants, such as lysine and L-arginine, could improve sperm quality in boars (41, 42). In addition, a study found that herbal supplements, such as nettle and rosehip, could improve the sperm quality of boars (47). However, further research is needed to determine the long-term safety and optimal use of these additives in improving the quality of boar sperm, and whether this protective effect has a beneficial impact on sow reproductive capacity.

Although the above-mentioned researches indicate that the trace element and CHFA can improve sperm quality in boars, there is a lack of systematic research on the related effects on the sperm vitality, concentration, and sperm abnormality rate of the imported breeding boars. In order to elucidate the effect of CHFA on the sperm quality of imported breeding boars and to mitigate the deleterious effects of low temperature on boar activity and sperm production, we focused on Duroc boars and conducted experiments during the transition from summer to autumn. The Duroc boars were administered CHFA for an extended period of 4 months, surpassing the growth cycle of boar sperm from spermatogonial cells to mature sperm which is approximately 49 days. The findings obviously demonstrated that CHFA administration significantly enhanced the semen volume, motility, and sperm concentration, concurrently with a marked reduction in the sperm abnormality rate among boars. These findings suggest that CHFA could be used as a promising additive for improving the reproductive performance of boars, especially for imported boars in the context of ASF normalization in China.

The pituitary gland secretes two important hormones, FSH and LH, which play a crucial role in the hypothalamic–pituitary-gonadal (HPG) axis (48–51). FSH, a glycoprotein hormone secreted by the anterior pituitary acidophilic cells, regulates a series of physiological processes including development, growth, puberty, and reproduction-related functions (52–54). LH, on the other hand, synergistically contributes to reproductive-related physiological processes (55, 56). FSH and LH act on the seminiferous tubules of the testes to promote sperm formation (57). CHMs are effective in improving the quality of boar sperm, mainly because these herbs contain components such as flavonoids, Epimedium, and Cistanche which not only regulate the body’s hormone levels but also inhibit apoptosis of germ cells, thereby regulating reproductive function, enhancing the body’s immune system, and modulating antioxidative activity (33, 58, 59). Testosterone provides a superior growth environment for sperm formation by regulating interstitial and supporting cells, stimulating sperm production, and improving sperm quality parameters such as vitality and concentration (60, 61). In a study by Yun et al., feeding pigs with ginger extract resulted in a significant increase in serum testosterone levels in boars, possibly due to the extract’s direct impact on the testicular interstitial cells (62). There are other reports state that Chinese herbs can regulate the hormone levels of animals and improve their reproductive performance (63, 64). In addition, CHFA addition can also improve the growth performance, meat quality, and nutrient digestibility parameters of pigs (8). In this study, a CHFA composed of Epimedium, Astragalus, Codonopsis, Atractylodes, and other herbs significantly increased the serum follicle-stimulating hormone (Figure 5A) and luteinizing hormone (Figure 5B), and extensively increased the testosterone levels of experimental boars (Figure 5C), thereby explaining the reason for the increase in semen volume (Figure 1), concentration (Figure 2), and motility (Figure 3), and the decrease in sperm abnormality rate in boars fed with the CHFA (Figure 4). This phenomenon is consistent with the reproductive mechanism of the HPG axis in regulating sperm production (65). These findings suggest that CHFA addition may have a positive impact on the reproductive performance of breeding boars. Further research is needed to determine the mechanism behind this effect and to optimize the use of CHFA in pig breeding.

The breeding boars’ reproductive capacity is primarily related to the quality of their sperm, while indicators such as litter size, number of live-born piglets, weaning piglet count, birth weight, weaning weight, and lactation ability reflect the reproductive capacity of sows. Studies had shown that phytogenic additives are being explored for maternal supplementation in sows with the aim of augmenting the litter size. Additionally, such supplementation may have implications for the gastrointestinal tract health of both the sow and the nursed piglets (66). Another study showed that dietary supplementation with modified Bazhen powder (MBP) improved the reproductive performance, serum traits, and immune status of sows, as well as changing breast milk microbes and metabolome characterization (67). All of the aforementioned studies have examined the direct effects of CHFA on the reproductive capacity of sows, but no research has yet been conducted on the effects of such additives on the reproductive capacity of boars used for artificial insemination of sows. Our study represents the first investigation into the impact of feeding a CHFA to boars on the reproductive capacity of inseminated sows, thus indirectly reflecting the effects of such additives on the production performance of breeding boars. We found that administering the CHFA significantly improved the quality of boar sperm, resulting in a notable increase in the average litter size, number of live-born piglets, weaning piglet count at 28 days, and weaning weight at 28 days, compared to the control group. Therefore, the CHFA not only directly improves the quality of boar sperm, but also significantly promotes the average birth weight and weight gain of piglets born to sows inseminated with sperm from these breeding boars.



5. Conclusion

This study indicates that CHFA can significantly increase the sperm production volume and improve the sperm viability, concentration, and extensively reduce the sperm abnormality rate of the breeding boars, reflecting the good protective effect on the sperm of the breeding boars. In addition, CHFA can significantly increase the reproductive hormones content, especially follicle-stimulating hormone (FSH), luteinizing hormone (LH), and testosterone (T) in the serum of the breeding boars. This provides new evidence for the reproductive mechanism of regulating sperm production in the HPG axis. Furthermore, the CHFA can enhance the boar sperm quality, ultimately improving the average number of piglets born, the average number of piglets born alive, the number of piglets weaned at 28 days, and the weaning weight at 28 days by improving the sperm quality of the breeding boars. In summary, CHFA can improve the sperm quality of imported breeding boars and their reproductive capacity with breeding sows, suggesting that CHFA have potential application prospects in improving the reproductive capacity of imported animals.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The animal study was reviewed and approved by Animal Ethical Committee of Shanghai Academy of Agricultural Sciences, China (approval ID: SAASPZ0522066).



Author contributions

WT and YT: conceptualization. WT and JH: methodology. YZ and XL: software. WT and WZ: validation and writing – review and editing. WT and XL: formal analysis. WT, WZ, HW, and YZ: investigation. YT: resources and funding acquisition. WT and BL: data curation. WT: writing – original draft and visualization. YT and XW: supervision. All authors contributed to the article and approved the submitted version.



Funding

This work was funded by the Shanghai Key Project on Agricultural Development (grant no. 2021-02-08-00-12-F00768) and the Shanghai Academy of Agricultural Sciences (SAAS) Program for Excellent Research Team (grant no. 2022-B-016).



Acknowledgments

The authors acknowledge and thank the editors and reviewers, who contributed immensely in improving the quality of this publication.



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.



References

 1. Jin, D, Wang, J, Xue, J, Zhao, Y, Yan, G, Li, X , et al. Contribution of Chinese herbal medicine in the treatment of coronavirus disease 2019 (COVID-19): a systematic review and meta-analysis of randomized controlled trials. Phytother Res. (2023) 37:1015–35. doi: 10.1002/ptr.7669 

 2. Li, T-M, Yu, Y-H, Tsai, F-J, Cheng, C-F, Wu, Y-C, Ho, T-J , et al. Characteristics of Chinese herbal medicine usage and its effect on survival of lung cancer patients in Taiwan. J Ethnopharmacol. (2018) 213:92–100. doi: 10.1016/j.jep.2017.10.031 

 3. Huang, K-C, Su, Y-C, Sun, M-F, and Huang, S-T. Chinese herbal medicine improves the long-term survival rate of patients with chronic kidney disease in Taiwan: a nationwide retrospective population-based cohort study. Front Pharmacol. (2018) 9:1117. doi: 10.3389/fphar.2018.01117 

 4. Liao, H-H, Chen, H-T, Livneh, H, Huang, H-L, Lai, N-S, Lu, M-C , et al. Integration of Chinese herbal medicine into routine care was related to lower risk of chronic kidney disease in patients with rheumatoid arthritis: a population-based nested case–control study in Taiwan. J Multidiscip Healthc. (2023) 16:1191–201. doi: 10.2147/JMDH.S400917 

 5. Keji, C, and Hao, X. The integration of traditional Chinese medicine and Western medicine. Eur. Rev. (2003) 11:225–35. doi: 10.1017/S106279870300022X


 6. Jing, J, Zhu, C, Gong, R, Qi, X, Zhang, Y, and Zhang, Z. Research progress on the active ingredients of traditional Chinese medicine in the intervention of atherosclerosis: a promising natural immunotherapeutic adjuvant. Biomed Pharmacother. (2023) 159:114201. doi: 10.1016/j.biopha.2022.114201 

 7. Rahman, MM, Islam, MR, Shohag, S, Hossain, ME, Rahaman, MS, Islam, F , et al. The multifunctional role of herbal products in the management of diabetes and obesity: a comprehensive review. Molecules. (2022) 27:1713. doi: 10.3390/molecules27051713 

 8. Zn, L, Ye, L, Zw, L, Huang Xs, LZ, Yq, Y, Hw, X , et al. Chinese herb feed additives improved the growth performance, meat quality, and nutrient digestibility parameters of pigs. Animal Models Exp. Med. (2020) 3:47–54. doi: 10.1002/ame2.12104


 9. Liu, H, Qiu, N, Ding, H, and Yao, R. Polyphenols contents and antioxidant capacity of 68 Chinese herbals suitable for medical or food uses. Food Res Int. (2008) 41:363–70. doi: 10.1016/j.foodres.2007.12.012


 10. Chau, C-F, and Wu, S-H. The development of regulations of Chinese herbal medicines for both medicinal and food uses. Trends Food Sci Technol. (2006) 17:313–23. doi: 10.1016/j.tifs.2005.12.005


 11. Liang, X, Yamazaki, K, Kamruzzaman, M, Bi, X, Panthee, A, and Sano, H. Effects of Chinese herbal medicine on plasma glucose, protein and energy metabolism in sheep. J. Animal Sci. Biotechnol. (2013) 4:1–8. doi: 10.1186/2049-1891-4-51


 12. Mirzaei-Aghsaghali, A
. Importance of medical herbs in animal feeding: a review. Ann Biol Res. (2012) 3:3–933.


 13. Gong, J, Yin, F, Hou, Y, and Yin, Y. Chinese herbs as alternatives to antibiotics in feed for swine and poultry production: potential and challenges in application. Can J Anim Sci. (2014) 94:223–41. doi: 10.4141/cjas2013-144


 14. Wang, X, Wang, Y, Mao, Y, Hu, A, Xu, T, Yang, Y , et al. The beneficial effects of traditional Chinese medicine on antioxidative status and inflammatory cytokines expression in the liver of piglets. Frontiers in veterinary. Science. (2022) 9:9. doi: 10.3389/fvets.2022.1063573


 15. Abdallah, A, Zhang, P, Zhong, Q, and Sun, Z. Application of traditional Chinese herbal medicine by-products as dietary feed supplements and antibiotic replacements in animal production. Curr Drug Metab. (2019) 20:54–64. doi: 10.2174/1389200219666180523102920 

 16. Song, X, Xu, J, Wang, T, and Liu, F. Traditional Chinese medicine decoction enhances growth performance and intestinal glucose absorption in heat stressed pigs by up-regulating the expressions of SGLT1 and GLUT2 mRNA. Livest Sci. (2010) 128:75–81. doi: 10.1016/j.livsci.2009.11.002


 17. Fu, N, Wu, J, Lv, L, He, J, and Jiang, S. Anti-foot-and-mouth disease virus effects of Chinese herbal kombucha in vivo. Braz J Microbiol. (2015) 46:1245–55. doi: 10.1590/S1517-838246420140701 

 18. Song, L, Zhang, D, Guo, C, Gu, Z, Wang, L, Yao, YS , et al. The traditional Chinese medicine formula Fufang-Zhenzhu-Tiaozhi protects myocardia from injury in diabetic minipigs with coronary heart disease. Biomed Pharmacother. (2021) 137:111343. doi: 10.1016/j.biopha.2021.111343 

 19. Zhou, Z, Zhang, Y, Ding, X-R, Chen, S-H, Yang, J, Wang, X-J , et al. Protocatechuic aldehyde inhibits hepatitis B virus replication both in vitro and in vivo. Antivir Res. (2007) 74:59–64. doi: 10.1016/j.antiviral.2006.12.005 

 20. Liu, Y, Yao, W, Si, L, Hou, J, Wang, J, Xu, Z , et al. Chinese herbal extract Su-duxing had potent inhibitory effects on both wild-type and entecavir-resistant hepatitis B virus (HBV) in vitro and effectively suppressed HBV replication in mouse model. Antivir Res. (2018) 155:39–47. doi: 10.1016/j.antiviral.2018.04.017 

 21. Fu, Y-J, Yan, Y-Q, Qin, H-Q, Wu, S, Shi, S-S, Zheng, X , et al. Effects of different principles of traditional Chinese medicine treatment on TLR7/NF-κB signaling pathway in influenza virus infected mice. Chin Med. (2018) 13:42. doi: 10.1186/s13020-018-0199-4 

 22. Yang, H, Chen, X, Jiang, C, He, K, and Hu, Y. Antiviral and immunoregulatory role against PCV2 of Chinese herbal medicinal ingredients. J. Vet. Res. (2017) 61:405–10. doi: 10.1515/jvetres-2017-0062 

 23. Kumar, M, Kumar, V, Roy, D, Kushwaha, R, and Vaiswani, S. Application of herbal feed additives in animal nutrition-a review. Int. J. Livest. Res. (2014) 4:1–8. doi: 10.5455/ijlr.20141205105218


 24. Zou, W, Deng, L, Wu, H, Liu, Z, Lu, W, and He, Y. Untargeted metabolomics profiling reveals beneficial changes in Milk of sows supplemented with fermented compound Chinese medicine feed additive. Animals. (2022) 12:2879. doi: 10.3390/ani12202879 

 25. Luskin, MS, Meijaard, E, Surya, S, Walzer, C, and Linkie, M. African swine fever threatens Southeast Asia's 11 endemic wild pig species. Conserv Lett. (2021) 14:e12784. doi: 10.1111/conl.12784


 26. Penrith, ML, and Kivaria, FM. One hundred years of African swine fever in Africa: where have we been, where are we now, where are we going? Transbound Emerg Dis. (2022) 69:e1179–200. doi: 10.1111/tbed.14466 

 27. Sehl-Ewert, J, Friedrichs, V, Carrau, T, Deutschmann, P, and Blome, S. Pathology of African swine fever in reproductive organs of mature breeding boars. Viruses. (2023) 15:729. doi: 10.3390/v15030729 

 28. Si, F, Song, S, Yu, R, Li, Z, Wei, W, and Wu, C. Coronavirus accessory protein ORF3 biology and its contribution to viral behavior and pathogenesis. iScience. (2023) 26:106280. doi: 10.1016/j.isci.2023.106280 

 29. Bruno, K
. Use and users of artificial insemination in Swedish dairy cattle breeding, 1935–1955. Hist Technol. (2023) 38:317–43. doi: 10.1080/07341512.2023.2174655


 30. Magoga, J, Vier, CE, Mallmann, AL, Mellagi, APG, Cogo, RJ, Bortolozzo, FP , et al. Reproductive performance of gilts and weaned sows grouped at different days after insemination. Trop Anim Health Prod. (2023) 55:31. doi: 10.1007/s11250-022-03444-9 

 31. Mellagi, AP, Will, KJ, Quirino, M, Bustamante-Filho, IC, Ulguim, RR, and Bortolozzo, FP. Update on artificial insemination: semen, techniques, and sow fertility. Mol Reprod Dev. (2022):1–11. doi: 10.1002/mrd.23643


 32. Lopez Rodriguez, A, Van Soom, A, Arsenakis, I, and Maes, D. Boar management and semen handling factors affect the quality of boar extended semen. Porcine Health Manag. (2017) 3:1–12. doi: 10.1186/s40813-017-0062-5


 33. Han, H, Zhong, R, Zhou, Y, Xiong, B, Chen, L, Jiang, Y , et al. Hydroxytyrosol benefits boar semen quality via improving gut microbiota and blood metabolome. Front Nutr. (2022) 8:815922. doi: 10.3389/fnut.2021.815922 

 34. Li, R-N, Zhu, Z-D, Zheng, Y, Lv, Y-H, Tian, X-E, Wu, D , et al. Metformin improves boar sperm quality via 5′-AMP-activated protein kinase-mediated energy metabolism in vitro. Zool Res. (2020) 41:527–38. doi: 10.24272/j.issn.2095-8137.2020.074 

 35. Xu, Q, Cheng, M, Jiang, R, Zhao, X, Zhu, J, Liu, M , et al. Effects of dietary supplement with a Chinese herbal mixture on growth performance, antioxidant capacity, and gut microbiota in weaned pigs. Front Vet Sci. (2022) 9:9. doi: 10.3389/fvets.2022.971647


 36. Li, J, Barranco, I, Tvarijonaviciute, A, Molina, MF, Martinez, EA, Rodriguez-Martinez, H , et al. Seminal plasma antioxidants are directly involved in boar sperm cryotolerance. Theriogenology. (2018) 107:27–35. doi: 10.1016/j.theriogenology.2017.10.035 

 37. Abdelnour, SA, Hassan, MAE, El-Ratel, IT, Essawi, WM, El-Raghi, AA, Lu, Y , et al. Effect of addition of l-carnitine to cryopreservation extender on rabbit post-thaw semen parameters, antioxidant capacity, mitochondrial function, apoptosis and ultrastructure changes. Reprod Domest Anim. (2022) 57:902–11. doi: 10.1111/rda.14139 

 38. Hassan, MAE, Khalil, WA, Abdelnour, SA, and Aman, RM. Supplementation of alpha-lipoic acid-loaded nanoliposomes in semen extender improves freezability of buffalo spermatozoa. Sci Rep. (2022) 12:22464. doi: 10.1038/s41598-022-26960-y 

 39. Guo, L, Wu, Y, Wang, C, Wei, H, Tan, J, Sun, H , et al. Gut microbiological disorders reduce semen utilization rate in duroc boars. Front Microbiol. (2020) 11:581926. doi: 10.3389/fmicb.2020.581926 

 40. Wu, Y-h, Lai, W, Liu, Z-h, Wei, H-k, Zhou, Y-f, Tan, J-j , et al. Serum and seminal plasma element concentrations in relation to semen quality in Duroc boars. Biol Trace Elem Res. (2019) 189:85–94. doi: 10.1007/s12011-018-1459-y 

 41. Chen, J, Li, Y, Li, Z, Lu, H, Zhu, P, and Li, C. Dietary l-arginine supplementation improves semen quality and libido of boars under high ambient temperature. Animal. (2018) 12:1611–20. doi: 10.1017/S1751731117003147 

 42. Dong, H-J, Wu, D, Xu, S-Y, Li, Q, Fang, Z-F, Che, L-Q , et al. Effect of dietary supplementation with amino acids on boar sperm quality and fertility. Anim Reprod Sci. (2016) 172:182–9. doi: 10.1016/j.anireprosci.2016.08.003 

 43. Ahmed, H, Jahan, S, Salman, MM, and Ullah, F. Stimulating effects of quercetin (QUE) in tris citric acid extender on post thaw quality and in vivo fertility of buffalo (Bubalus bubalis) bull spermatozoa. Theriogenology. (2019) 134:18–23. doi: 10.1016/j.theriogenology.2019.05.012 

 44. Couto, G, Vaillancourt, D, and Lefebvre, R. Comparison of a leukocyte esterase test with endometrial cytology for diagnosis of subclinical endometritis in postpartum dairy cows. Theriogenology. (2013) 79:103–7. doi: 10.1016/j.theriogenology.2012.09.014 

 45. Hashem, N, Abo-Elsoud, M, El-Din, AN, Kamel, K, and Hassan, G. Prolonged exposure of dietary phytoestrogens on semen characteristics and reproductive performance of rabbit bucks. Domest Anim Endocrinol. (2018) 64:84–92. doi: 10.1016/j.domaniend.2018.03.003 

 46. Zhou, Y, Chen, L, Han, H, Xiong, B, Zhong, R, Jiang, Y , et al. Taxifolin increased semen quality of Duroc boars by improving gut microbes and blood metabolites. Front Microbiol. (2022) 13:1020628. doi: 10.3389/fmicb.2022.1020628 

 47. Yordanova, G, Kanev, D, Marchev, Y, Nedeva, R, Nikolova, T, and Palova, N. Effect of herbal supplements (nettle and rosehip) on the sperm quality in Danube white breed boars. Bulgarian J Agr Sci. (2020) 26:1020–3.


 48. Wang, Y, Li, Y, Yang, H, and Wang, Z. Effect of photoperiod on the egg production, plasma luteinizing hormone, follicle-stimulating hormone, gonadal hormones, and Mrna levels of Lh and Fsh in the hypothalamic-pituitary-gonadal Axis of pigeons. Brazilian J. Poultry Sci. (2019) 21:0931. doi: 10.1590/1806-9061-2018-0931


 49. Corradi, PF, Corradi, RB, and Greene, LW. Physiology of the hypothalamic pituitary gonadal axis in the male. Urol Clin. (2016) 43:151–62. doi: 10.1016/j.ucl.2016.01.001


 50. Oduwole, OO, Huhtaniemi, IT, and Misrahi, M. The roles of luteinizing hormone, follicle-stimulating hormone and testosterone in spermatogenesis and folliculogenesis revisited. Int J Mol Sci. (2021) 22:12735. doi: 10.3390/ijms222312735 

 51. Janes, L
. Hypothalamic-pituitary-gonadal (HPG) Axis In: V Zeigler-Hill and TK Shackelford, editors. Encyclopedia of Personality and Individual Differences. Cham: Springer International Publishing (2016). 1–2.


 52. Kakar, SS, and Ratajczak, MZ. Commentary: FSH and various forms of FSH receptors: distribution and their functions in gonads and extra-gonadal tissues. J Ovarian Res. (2021) 14:1–2. doi: 10.1186/s13048-021-00893-y


 53. Chrusciel, M, Ponikwicka-Tyszko, D, Wolczynski, S, Huhtaniemi, I, and Rahman, NA. Extragonadal FSHR expression and function—is it real? Front Endocrinol. (2019) 10:32. doi: 10.3389/fendo.2019.00032 

 54. Barad, DH, Weghofer, A, and Gleicher, N. Comparing anti-Müllerian hormone (AMH) and follicle-stimulating hormone (FSH) as predictors of ovarian function. Fertil Steril. (2009) 91:1553–5. doi: 10.1016/j.fertnstert.2008.09.069


 55. Nedresky, D, and Singh, G. Physiology, Luteinizing Hormone. Treasure Island (FL): StatPearls Publishing (2019).


 56. Dozortsev, DI, and Diamond, MP. Luteinizing hormone–independent rise of progesterone as the physiological trigger of the ovulatory gonadotropins surge in the human. Fertil Steril. (2020) 114:191–9. doi: 10.1016/j.fertnstert.2020.06.016 

 57. Raju, GAR, Chavan, R, Deenadayal, M, Gunasheela, D, Gutgutia, R, Haripriya, G , et al. Luteinizing hormone and follicle stimulating hormone synergy: a review of role in controlled ovarian hyper-stimulation. J Hum Reprod Sci. (2013) 6:227–34. doi: 10.4103/0974-1208.126285 

 58. Zhao, MP, Shi, X, Kong, GWS, Wang, CC, Wu, JCY, Lin, ZX , et al. The therapeutic effects of a traditional chinese medicine formula wuzi yanzong pill for the treatment of oligoasthenozoospermia: a meta-analysis of randomized controlled trials. Evid Based Complement Alternat Med. (2018) 2018:1. doi: 10.1155/2018/6109104 

 59. Wang, S-C, Wang, S-C, Li, C-J, Lin, C-H, Huang, H-L, Tsai, L-M , et al. The therapeutic effects of traditional Chinese medicine for poor semen quality in infertile males. J Clin Med. (2018) 7:239. doi: 10.3390/jcm7090239 

 60. El-Sherbiny, HR, Fathi, M, Samir, H, and Abdelnaby, EA. Supplemental dietary curcumin improves testicular hemodynamics, testosterone levels, and semen quality in Baladi bucks in the non-breeding season. Theriogenology. (2022) 188:100–7. doi: 10.1016/j.theriogenology.2022.05.020 

 61. Zhao, W, Jing, J, Shao, Y, Zeng, R, Wang, C, Yao, B , et al. Circulating sex hormone levels in relation to male sperm quality. BMC Urol. (2020) 20:1–7. doi: 10.1186/s12894-020-00674-7


 62. Yun, SJ, Bae, G-S, Park, JH, Song, TH, Choi, A, Ryu, B-Y , et al. Antioxidant effects of cultured wild ginseng root extracts on the male reproductive function of boars and guinea pigs. Anim Reprod Sci. (2016) 170:51–60. doi: 10.1016/j.anireprosci.2016.04.002 

 63. Ran, M, Cha, C, Xu, Y, Zhang, H, Yang, Z, Li, Z , et al. Traditional Chinese herbal medicine complex supplementation improves reproductive performance, serum biochemical parameters, and anti-oxidative capacity in periparturient dairy cows. Anim Biotechnol. (2022) 33:647–56. doi: 10.1080/10495398.2020.1819823 

 64. Dong, H, Zhong, Y, Liu, F, Yang, K, Yu, J, and Xu, J. Regulating effects and mechanisms of Chinese medicine decoction on growth and gut hormone expression in heat stressed pigs. Livest Sci. (2012) 143:77–84. doi: 10.1016/j.livsci.2011.08.015


 65. Meccariello, R, Fasano, S, Pierantoni, R, and Cobellis, G. Modulators of hypothalamic–pituitary–gonadal axis for the control of spermatogenesis and sperm quality in vertebrates. Front Endocrinol (Lausanne). (2014) 5:135. doi: 10.3389/fendo.2014.00135


 66. Nowland, TL, Stanley, D, Kirkwood, RN, Torok, VA, Bajagai, YS, Gannon, NJ , et al. Maternal supplementation with phytogenic additives influenced the faecal microbiota and reproductive potential in sows. AMB Express. (2021) 11:1, 107–111. doi: 10.1186/s13568-021-01268-8 

 67. Geng, J, Jin, W, Hao, J, Huo, M, Zhang, Y, Xie, C , et al. Effects of dietary modified Bazhen on reproductive performance, immunity, breast Milk microbes, and metabolome characterization of sows. Front Microbiol. (2021) 12:758224. doi: 10.3389/fmicb.2021.758224 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of Chinese herbal feed additives on the sperm quality and reproductive capacity in breeding boars



		1. Introduction



		2. Materials and methods



		2.1. Experimental design and animals



		2.2. Experimental and housing conditions



		2.3. Chinese herbal feed additive and diets



		2.4. Feeding procedures



		2.5. Semen collection and assessing sperm viability and abnormality



		2.6. Enzyme-linked immunosorbent assay



		2.7. Boar reproductive capacity assessment



		2.8. Statistical analysis









		3. Results



		3.1. The influence of CHFA on the nutrient content of the breeding boar diet



		3.2. CHFA can promote the boar sperm production



		3.3. CHFA can significantly increase the boar sperm concentration



		3.4. CHFA can significantly enhance the boar sperm motility



		3.5. CHFA addition can significantly reduce the sperm abnormality rate



		3.6. CHFA addition promotes the serum reproductive hormone levels



		3.7. CHFA addition enhance breeding boar’s reproductive capacity when mating with sows



		3.8. The effects of the CHFA on the average birth weight and weight gain of piglets









		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fvets-10-1231833-t003.jpg
Before or after CHFA treatment

Control
FSH (mIU/ml)

CHFA

Control
LH (ng/ml)

CHEA

Control
Testosterone (mIU/ml)

CHFA

CHEA, Chinese herb feed additive; FSH, follicle-

Before CHFA treatment After CHFA treatment
0.7750£0.0363 0.7338:£0.0350
0.74000.0558 0.8500£0.0444%5*
170401203 1.696:+0.0923
1654400843 1.79640.0612%
352942867 347142289
3595£1536 3991416207

imulating hormone; LH, luteinizing hormone; T, testosterone. “*” means p <0.05; “**” means p <0.01; “***” means p <0.001





OPS/images/fvets-10-1231833-t002.jpg
Items Volume (ml) Concentration (10° Motility (%) Abnormality (%)

Control 202047.159 3460202711 625741720 1747402654
August

CHFA 205.3+3.863 3.454£0.1518 69.60+3.360%* 16.21£0.1082%+*

Control 214.8+6.299 3.958+0.5266 67.70+£2.318 17.47£0.3823
September

CHFA 247.0+15.06* 4.503+0.2901% 77.37£1.669%* 15.89+0.0379**

Control 2145+1842 4.043£0.0359 76.90+1.409 17.24£0.6910
October

CHFA 263.4+11.67* 4533£0.1282+* 80.26:+ 1.460* 14.53£0.3380%*

Control 2066+ 18.10 4357402301 7738+ 1617 17.81£0.1172
November

CHFA 305.4+14.06* 5.147£0.0750% 8457+ 1.121* 11.35£0.9808**

Control 209.2+12.94 3.898+0.4415 70.21+6.782 17.48+0.4274
Total

CHFA 249.0+37.85%%% 4.303£0.6590%* 77.01£6.061%** 14.80:+1.878%%

CHEA, Chinese herb feed additive; “*” means p <0.05; “**” means p <0.01; “**%” means p <0.001.





OPS/images/cover.jpg
, frontiers | Frontiers in Veterinary Science

Eeff cts of Chinese herbal feed
additives on the sperm quality and
reproductive capacity in breeding

boars












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
' frontiers Frontiers in Veterinary Science






OPS/images/fvets-10-1231833-g005.jpg
£ £ g
5 LY g 5
g ¥ 5 * 2
g+ “ g =
5 %, %, 2 &
E o s E < 5%
=< ° % < L S | °
@ @ @ T 8 9 —r—r L 3 %23 8888
S d € & & € (1wy/Bu) [9A8] |1 winieg
(lwyniw) [oA9] HSS winseg (W/nIWw) [9A8] H Winieg
H H
- g £ %,
§ ® k] o,
i % ie P 3
s E e g § %, %%
£ RN g s g Y
g E % & > %, 8 % Y,
3 % 888333 EEEREEE
2328 3 38 38 (lw/niw) [9As] H wnieg (1w/Bu) [9A8] 1 wnieg
(Iw/niw) 19A9] HSH winses
i [ % —EH
3
Hi f e,
H TH ™
, 3 w3
5 g %, g
g 3 % 3
3 g > §
g TDT g2 = H s 3 — H
2z LR @\eo 5%
m 5 C o g |- 2, o, S o q
[ %
H[H oo %, * 010
oo ‘%,
e @ @ ~ @ * K @ ” @o\ -] ? °
T N A s s o Bu) [9A9] |1 winso:
(i) (one] HS4 winsos (1wyniw) 19re] H1 winieg 4 (1u/Bu) j9A9) |1 wnios
o
<






OPS/images/fvets-10-1231833-g006.jpg
16

e Control
o CHFA treated groupe

S

Piglet numbers
S





OPS/images/fvets-10-1231833-g003.jpg
*okkk

October November

September

August

*x

& = s 3
8§ 8 R 8

(%) Annow wisds

(%) Aunow uuadg

s & 3 35

(%) Ayow wiadg

s ° 2 3
R 8 B

2
(%) Aynow wiadg

<

A
%,
%, bw&&
%, s,
%
%,
"o
o %
o, %,
> Ty
aqoc«ﬁ
",
.
% 7k,
k3
wcwoé
%, o,
o, %,
5%,





OPS/images/fvets-10-1231833-g004.jpg
<

ok

.|].|.|.|
S ® © ¥ ~w o
& @ & ¥ & 2

(%) a3es Ayjewsouqe wiadsg

November
*k
>
s
S
&
»

(%) @es Ayjewaouqe wisdg

October
**

(%) @3es Ayjewiouqe wiads

September
**
S
&
&

v
«
& 8 ¢ ¥ ¢ 2 %

(%) @34 Ayjjeuniouqe wisdg

August
b
S R 4
o

£
2

v_
&
g 2 &2 & & ¢ %

(%) a3e4 Ayjeuniouqe wiadg





OPS/images/fvets-10-1231833-t001.jpg
Nutrition Animal groups

Control CHFA
Crude protein (%) 17.90 18.00
Digestive energy (MJ/kg) 13.70 1410
Calcium (%) 0.65 065
Total phosphorus (%) 049 049
Lysine (%) 085 086
Methionine (%) 0.29 028
‘Threonine (%) 0.56 061
Glutamic acid (%) 291 312
Coarse fiber (%) 3.00 300

CHFA, Chinese herb feed additive.
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