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The dietary inclusion of phytogenic feed additives to improve the performance and health of sows is considered to be safe, effective and environmentally friendly, thus gaining growing popularity among new strategies. This study was designed with three trials aimed to determine the effective supplemental levels of Scutellaria baicalensis and Lonicera japonica mixed extracts (SLE) in sow diets based on production performance and explore its related mechanisms of action based on serum metabolites, antioxidant capacity, and immune profile of sows and nursing piglets. Trials 1 and 2 were conducted to determine the effective dose and ratio of SLE by supplementation of various proportions and doses of SLE to sows diets from the late pregnancy to weaning, with litter performance at farrowing and weaning and disease conditions being evaluated. Trial 3 was conducted to further explore the mechanisms of action of SLE as evaluated by serum immunity and antioxidants indices in late gestation and lactation sows. The results of trials 1 and 2 showed that dietary supplementation of 1.0 g/kg SLE (50% S. baicalensis extract, 30% L. japonica extract, and 20% wheat bran fiber as carrier) enhanced the number of piglets born alive, litter birth weight, litter weight gain, and average daily feed intake of sows during lactation, while decreased diarrhea of suckling piglets. In Trial 3, compared with the control group, dietary SLE supplementation increased (P < 0.05) sow serum glucose (GLU), triglyceride (TG), total cholesterol (TC), prolactin (PRL) and interleukin-10 (IL-10) concentrations, and total superoxide dismutase (T-SOD) activities at the farrowing, and increased (P < 0.05) sow serum prolactin, leptin, and insulin concentrations at d 14 of lactation. Fat concentrations in sow colostrum and in milk on day 14 of lactation, both IgA and IgG concentrations in colostrum, and both IL-10 and IgA concentrations in piglet serum at d 14 of lactation were all increased (P < 0.05) following dietary SLE supplementation. Altogether, dietary supplementation with the appropriate levels of SLE promoted health and growth of suckling piglets, which was associated with the improvement of maternal metabolism and transmission of antibodies.

KEYWORDS
 scutellaria baicalensis, lonicera japonica, sows, performance, immunity


Introduction

Milk yield is one of the most important factors limiting neonatal piglet growth (1). Poor milk yield is the most frequent cause of breastfeeding failure (2). For sow-reared piglets, maximum weight gain is limited to as early as seven days after farrowing (3, 4). Besides, genetic selection for highly prolific sows has increased nutrient requirements during gestation and lactation to allow an increased milk yield to support large piglets (4). However, the vigorous metabolism of high-yielding sows during lactation generated extensive reactive oxygen species (ROS) to cause oxidative stress in the body, which resulted in reduced feed intake and milk yield of sows. The growth rate of suckling piglets largely depends on sow milk yield, but the amount of milk produced by sows did not improve significantly, resulting in the slow growth of piglets and the increase of weak and dead piglets (5). The limited nutrient intake would leave sows under severe catabolic status and reduce reproductive performance concurrently (6). One way to increase sow milk yield would be to stimulate mammary development. But sows enter a critical period of mammary gland development and rapid fetal growth at 75 days later in gestation. Maternal metabolic intensity increases and ROS accumulate in the body, which results in increased maternal oxidative stress and immunosuppression, and increased stillbirth and postpartum inflammation. In addition, maternal oxidative stress and low immune status will reduce the content of immune factors in colostrum and change the milk composition, increase the risk of diarrhea in piglets, and cause poor growth and development and even death of piglets. Therefore, optimizing feed intake during lactation, slowing down progressive oxidative stress, and improving immune function are the keys to improving the reproductive performance of sows. It is becoming more and more urgent to find an additive that can improve the milking ability and immune function of sows.

Several herbs and spices are assumed to have beneficial effects on milk secretion. Many herbal products are currently used in the European Union and elsewhere by the feed industry as feed additives (7). Traditional Chinese medicine (TCM), after a long period for being screened, is considered natural, low/non-toxic, showing short resistance and less residue. And its extracts have more functions including antibacterial and antioxidant activities, improving immunity, and regulating hormone secretion (8). Scutellaria baicalensis (S. baicalensis) Georgi and Lonicera japonica (L. japonica) Thunb. are two widely used traditional Chinese herbal medicines, and are officially listed in the Chinese Pharmacopeia. S. baicalensis roots have been used as anti-inflammatory and anticancer agent, for the treatment of bacterial and viral infections of the respiratory and the gastrointestinal tract, and because of its cholagogic, diuretic, and detoxifying properties. Baicalin is the most abundant component of S. baicalensis extracts, which could alleviate the adverse effect of heat stress and showed anti-allergic, anti-tumor, anti-inflammatory, and antioxidant activities (9, 10). Lonicera japonica contains a variety of organic acids, essential oils, flavones, saponins, and iridoids. Among them, chlorogenic acid and essential oils are the primary pharmacological compounds in L. japonica. Modern pharmacological studies showed that L. japonica and its extracts possessed wide pharmacological actions, such as antibacterial, anti-inflammatory, antiviral, antiendotoxin, antioxidant, antipyretic, and excitation of nerve centers (11–13). In clinical practice, the L. japonica extracts have been used for the treatment of fever, heatstroke, bloody flux, sores, carbuncles, furunculosis, headache, and some infectious diseases (11).

In weaning and growing-finishing pigs, many positive reports are available on the herbal extract supplementation diets (14–17). However, there is little information on responses of gestation and lactation sows to dietary herbal extract supplementation. Therefore, the objectives of the present study were to determine the effect of dietary herbal supplements on performance of sows and their progeny, and explore the underlying mechanisms as evaluated by serum metabolites, antioxidant capacity, and immune function of sows and suckling piglets.



Materials and methods


Ethics approval

The protocol of this study was approved by the Animal Care and Use Committee of Animal Nutrition Institute, Sichuan Agricultural University (Ethics Approval Code: SCAUAC201606-6), and was carried out in accordance with the National Research Council's Guide for the Care and Use of Laboratory Animals.



Animals, diets, and experimental design

The study was designed with three trials. Trials 1 and 2 were conducted to determine the effective dose and ratio of S. baicalensis (SBE) and L. japonica (LJE) mixed extracts (SLE) by supplementation of various proportions and doses of SLE to sow diets from the late pregnancy to weaning, with litter performance at farrowing and weaning and disease conditions being evaluated. Trial 3 was conducted to further explore the mechanisms of action of SLE as evaluated by immunity and antioxidants indices during the late gestation and lactation period. Basal diets for all sows contained corn as a cardinal energy source and soybean meal as a cardinal protein source. Diets for sows during the late pregnancy (from day 85 of gestation to farrowing) and lactation were formulated to meet or exceed the NRC (2012) recommendations (Table 1). The herbal extract from S. baicalensis and L. japonica was extracted by a combination of ultrasound and microwave systems. The SLE products were provided by Beijing Centre Biology Co., Ltd., (Beijing, China).


TABLE 1 Composition and nutrient levels of the basal diets (air-dry basis).
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The objective of Trial 1 was to determine the optimal proportion of the two extracts (SBE and LJE) in the SLE mixture as evaluated by the farrowing and lactation performance. Trial 1 was conducted in a pig farm in Fujian province from July to August, with an average room temperature being 28–30°C. According to a completely randomized block design, a total of 75 Yorkshire × Landrace sows (weighing 275.55 ± 20.97 kg, mean parity 4.44 ± 1.84) on the 85th day of pregnancy were assigned based on genetic background, parity and body weight to five experiment groups: control (CON, n = 15; basal diet, Table 1), treatment group 1 (TRT1, n = 15, basal diet + 1 g/kg SLE powder product consisting of 45% SBE, 35% LJE and 20% wheat bran as carrier); treatment group 2 (TRT2, n = 15, basal diet + 1 g/kg a mixture of 50% SBE, 30% LJE, and 20% carrier); treatment group 3 (TRT3, n = 15, basal diet + 1 g/kg a mixture of 55% SBE, 25% LJE, and 20% carrier); and treatment group 4 (TRT4, basal diet +1 g/kg a mixture of 60% SBE, 20% LJE, and 20% carrier).

The objective of Trial 2 was to determine the optimal dietary supplementation level of the SLE mixture (50% SBE, 30% LJE, and 20% carrier) that was observed to be effective in improving sow performance in Trial 1. Trial 2 was carried out on a pig farm in Sichuan province from November to December. A total of 75 Yorkshire × Landrace sows (weighing 261.42 ± 25.74 kg, mean parity 3.13 ± 1.87) on the 85th day of pregnancy were assigned based on parity and body weight to five experiment groups: Control (CON, n = 15; basal diet, Table 1), 0.6TRT2 (basal diet + 0.6 g/kg SLE), 0.8TRT2 (basal diet + 0.8 g/kg SLE), 1.0TRT2 (basal diet + 1.0 g/kg SLE), and 1.2TRT2 (basal diet + 1.2 g/kg SLE). The basal diet was isoenergy but 1.5% lower in CP than diet shown in Table 1.

The objective of Trial 3 was to further verify the positive role of dietary SLE mixture supplementation at 1.0 g/kg diet (Table 1) on farrowing and lactation performance, and at the same time explore the mechanisms of action of SLE as evaluated by immunity and antioxidants indices based on blood and milk samples. Trial 3 was carried out on a pig farm in Sichuan province from May to July. A total of 64 Yorkshire × Landrace sows (mean weight 250.15 ± 10.35 kg, mean parity 2.70 ± 1.43) on the 85th day of pregnancy were assigned based on genetic background, parity and body weight to two experiment groups: Control (CON, n = 32; basal diet) and 1.0 TRT2 (SLE, n = 32, basal diet + 1 g/kg of SLE).



Feeding management

Sows were fed 3.0 kg/d from d 85 to 112 of pregnancy, and then fed 2.0 kg/d from d 113 of pregnancy to farrowing. After farrowing, sows were fed 2.0 kg of diet, which was increased by 1 kg/d in the following 3 days, and then sows had free access to feed from d 5 of lactation until weaning. During the gestation period, sows were housed in individual cages with concrete floors and equipped with automated drop feeders and nipple drinkers. On d 109 of gestation, sows were transported to the farrowing facility, where they were housed in individual farrowing crates (2.4 × 2.2 m) with creep area and nipple drinkers. Litters were standardized to be 12–14 piglets within 48 h after birth. Voluntary feed intake was measured daily throughout the lactation period. According to the practical situation of the pig farm in each trial, piglets were weaned at 21, 20, and 17 d postnatal, respectively, in trials 1, 2, and 3.

The feed consumption during lactation was recorded for each sow to calculate the average daily feed intake (ADFI). During the experimental period, numbers of piglets alive and dead per litter were recorded to calculate the survival ratio. Piglet body weight (BW) was recorded on d 1 (within 12 h of birth) and weaning day. In the 48th h after birth, the number of piglets in sows was adjusted so that litter piglets of sows were consistent among groups, and the number of piglets and litter weight were recorded. No creep feed was offered to piglets throughout the lactation period. The health status of sows and piglets were recorded daily during the lactation period. After weaning, the estrus interval (within 7 days) was recorded for each sow.



Sample collection

In Trial 3, blood samples of sows were collected from the ear vein using sterile vacuum tubes from 20 randomly chosen sows on d 90 of gestation and d 1, d 14 of lactation before the morning feeding. At d 14 of lactation, blood samples were taken by jugular venipuncture using sterile vacuum tubes from 40 piglets selected from the 20 sows used for sow blood collection, with one male and one female piglet selected from each sow. After blood collection, serum were separated by centrifugation at 3,000 rpm for 5 min and then serum samples were collected and stored in sterile tubes at −20°C until analysis.

Colostrum was collected from 20 randomly chosen sows on d 1 of lactation within 4 h after initiation of farrowing. Milk was collected on d 14 of lactation after intramuscular injection of 10 IU of oxytocin behind the ear. After collection, milk (5 ml) for determination of hormone and immune indices was centrifuged (3,500 rpm) for 20 min to remove the fats and then the supernatant was collected and stored at −20°C until analysis.



Chemical analysis

The glucose (Glu), triglyceride (TG), total cholesterol (TC), and free fatty acid (FFA) were measured using an auto-analyzer (BMD/Hitachi 7050 Auto Analyser; Japan). Whole milk was analyzed for dry matter, protein, fat, and lactose contents by a Milkyway-cp2 rapid milk composition analyzer (Institute of Food Science and Fermentation Engineering, Zhejiang University). The cytokines (IL-8, IL-10, TNF-α) and immunoglobulin (IgG, IgA, IgM) concentrations in colostrum, milk, and serum samples were determined using specific pig-ELISA quantification kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to instructions of their respective manufacturers, respectively. The serum concentrations of insulin (INS), prolactin (PRL), thyroid-stimulating hormone (TSH), leptin, and growth hormone (GH) in sows were measured by respective ELISA quantification kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Assessment of total antioxidant capacity (T-AOC) and total superoxide dismutase (T-SOD) in serum from sows and piglets were performed using specific assay kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).



Statistical analyses

All data were checked for normality using the univariate procedure of Statistical Analysis Software (Version 9.4, SAS Institute Inc., Cary, NC, USA) and transformed, if required. The data of litter weight at weaning, litter weight gain and the number of weaned piglets were assessed by analysis of covariance using the general linear model (GLM) procedure of SAS, and the adjusted litter weight and litter number were used as covariates. The data of piglets born alive, litter birth weight, and piglet birth weight were assessed using the total number born as covariate by covariance analysis. The data of diarrhea of piglets and estrous rate were analyzed by χ2-test. The data of the estrus interval was analyzed by rank-sum test. The other data were analyzed with one-way analysis of variance (ANOVA) using the GLM procedure of SAS software. CONTRAST was used to compare differences with the control group. Differences were considered significant when P ≤ 0.05, and trends were noted when 0.05 < P < 0.10. Quadratic effects were not significant, and hence their P-values were omitted from the tables.




Results


Sows and piglets performance

As presented in Table 2, the performance of sows and piglets was affected by diet. Sows in the TRT2 showed significantly increased total number born, number born alive, litter birth weight, litter weight and piglet weight of weaning at 21 days, litter weight gain, total intake and ADFI of sows at day 21 of lactation, and significantly decreased piglets diarrhea compared with sows in the CON treatment (P < 0.05). However, the number of weaned piglets, piglet birth weight, weaning-estrous interval, and estrous rate within 7 days were not affected (P > 0.05) by SLE dietary supplementation. TRT3 and TRT2 had the same trend, but no difference (P > 0.05) in reproductive performance was observed between other treatments. Therefore, we would choose TRT2 [50% SBE, 30% LJE, and 20% carrier (wheat bran), SLE] as the optimized mixed proportion for Trial 2.


TABLE 2 Reproductive performance of sows (Trial 1).
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As presented in Table 3, compared with sows in the CON treatment, sows in the 1.0TRT2 significantly increase the total number born, number born alive, number of weaned piglets, litter birth weight, litter weight and piglet weight of weaning at 20 days, litter weight gain, total intake and ADFI of sows at day 20 of lactation (P < 0.05) and significantly decreased piglets' diarrhea (P < 0.05). There was no effect (P > 0.05) on piglet weight of birth, weaning-estrous interval, and estrous rate. In addition, 0.6TRT2 sows had higher total feed intake and ADFI (20 days) (P < 0.05) compared with CON sows. No difference (P > 0.05) in reproductive performance was observed among treatments. Therefore, the 1.0TRT2 (1.0 g/kg SLE) was selected as the optimum content for Trial 3.


TABLE 3 Reproductive performance of sows (Trial 2).
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As presented in Table 4, the lactation ADFI and total intake (17 days) were significantly increased (P < 0.01) by dietary supplementation of 1.0 g/kg SLE. In addition, compared with the CON group, the 1.0TRT2 group had significantly increased (P < 0.05) litter weight at weaning and litter weight gain and decreased (P < 0.05) diarrhea of piglets during lactation. The number of piglets born alive, litter birth weight, number of weaned piglets, and weaning-estrous interval were not affected (P > 0.05) by SLE supplementation.


TABLE 4 Reproductive performance of sows (Trial 3).
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Blood profiles of sows

As presented in Table 5, there were no differences (P > 0.05) in serum concentrations of GLU, TG, TC, and FFA between groups at d 90 of gestation and d 14 of lactation. Compared with the CON group, dietary SLE supplementation significantly increased serum GLU (P < 0.01) and TG and TC (P < 0.05) concentrations at the farrowing day (Table 5).


TABLE 5 Serum biochemical indices of sows (Trial 3), mmol/L.
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Serum hormones of sows

As presented in Table 6, there were no differences (P > 0.05) in the concentrations of GH, TSH, PRL, INS, and leptin in sow serum between groups at d 90 of gestation. Compared with the CON group, dietary SLE supplementation significantly increased sow serum PRL concentrations at the farrowing day and significantly increased serum PRL, leptin, and INS concentrations at d 14 of lactation (P < 0.05). However, the concentrations of GH and TSH in sow serum on days 1 and 14 of lactation were not affected (P > 0.05) by SLE diet treatments.


TABLE 6 Serum hormones of sows (Trial 3).
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Serum immunization index of sows

As presented in Table 7, compared with the CON group, dietary SLE supplementation significantly increased serum IL-10 (P < 0.05) concentrations at farrowing (Table 7). But the humoral immunity factor contents of IgA, IgG, IgM, IL-8, and TNF-α in sow serum were not affected (P > 0.05) by dietary SLE supplementation.


TABLE 7 Serum immunization index of sows (Trial 3).
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Colostrum and milk conventional ingredients

Colostrum and milk composition (i.e., dry matter, protein, and lactose) was not affected by dietary treatment (P > 0.05). Compared with the CON group, dietary SLE supplementation significantly increased fat concentrations in sow colostrum and milk on day 14 of lactation (P < 0.05; Table 8). As presented in Table 9, sows receiving SLE had significantly higher colostrum concentrations of IgA (P < 0.05) and IgG (P < 0.01) than the CON sows. However, no significant difference (P > 0.05) was observed in concentrations of IL-10, IgM, IL-8, and TNF-a in colostrum and milk on day 14 of lactation between the two groups.


TABLE 8 Colostrum and milk conventional ingredients of sows (Trial 3), %.
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TABLE 9 Colostrum and milk immune factors of sows (Trial 3).
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Serum immunization index of piglets

As presented in Table 10, compared with the CON group, dietary SLE supplementation significantly increased concentrations of IL-10 (P < 0.05) and IgA (P < 0.01) in serum at d 14 of piglets. There were no differences (P > 0.05) in concentrations of IgG, IgM, IL-8, and TNF-α in serum between groups at d 14 of piglets.


TABLE 10 Serum immune factors of piglets (Trial 3).
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Serum SOD and T-AOC activity levels of sows and piglets

The impact of dietary SLE supplementation on serum antioxidant indexes is shown in Figure 1. The T-SOD activity in sow serum on d 1 of lactation were significantly increased compared with the CON group (P < 0.05; Figure 1A). However, there were no differences (P > 0.05) in sow serum T-AOC activity between groups at farrowing and d 14 of lactation (Figure 1B). The activities of T-AOC and T-SOD in piglet serum were not affected by dietary SLE supplementation (Figures 1C,D).


[image: Figure 1]
FIGURE 1
 The effects of dietary S. baicalensis and L. japonica extract supplementation on serum anti-oxidative capacity of sows and piglets. (A,B) Total superoxide dismutase (T-SOD) and total antioxidant capacity (T-AOC) activities in serum of sows (n = 10); (C,D) T-SOD and T-AOC activities in serum of d14 piglets (n = 20). *Indicating a significant difference (P < 0.05). Data show the means ± standard deviation (SD).





Discussion

Herbal medicines have been tested extensively in swine diets as potential alternatives to antibiotics growth promoters owing to antiviral, antibacterial, and antioxidant properties, stimulation of the immune system, and improvement of digestibility and absorption of nutrients (18–20). However, the clinical efficacy has huge differences with different compatibility ratios and dosages of herbs and extracts (21). According to the “Chinese Pharmacopeia” records, the proportion of L. japonica (chlorogenic acid 12 g/tube) and S. baicalensis (baicalin 24 g/tube) is 1:2 in the Yinhuang Oral Liquid, which is beneficial for fever, cough, hemoptysis, jaundice, dysentery, acute conjunctivitis, carbuncle, and furuncle, and prevents abnormal fetal movements (22). But despite these advantages, information available in the previous literature on the response of supplementing L. japonica and S. baicalensis in swine is scarce. In the present studies, dietary herbs extract mixture supplementation exerting positive effects on production performance in sows and nursing piglets were observed in all three trials, and the effective dose of SLE was observed to be 1.0 g/kg diet with the ratio of SBE and LJE in the SLE mixture being 50 and 30%, respectively. The feed intake during lactation period is a key factor to limit the production performance of sows, and maximum sow milk output requires that feed intake was maximized (4). Previous studies have confirmed that dietary herb extract supplementation could contribute to the desired organoleptic qualities of the diets and stimulate the appetite, as well as improve digestive tract function by increasing hydrochloric acid and enzyme secretion, thus improving the feed intake and lactation yield of sows (8, 23). Likewise, there were many reports on improved feed intake through herb extract additives in sows or pigs diets (15–18, 24–27). In addition, the herbal ingredients' metabolites can improve growth performance and reduce diarrhea in nursing piglets through breast milk (18, 28). Liu et al. indicated that dietary supplementation of herbal extract mixture (55% S. baicalensis and 25% L. japonica) at 0.5 and 1.0 g/d could alleviate heat stress, improve the feed intake and dry matter digestibility of sows during lactation, and reduce diarrhea and enhance daily gain in piglets (29), which were similar to observations in the current studies. However, the differences in the total number born may not be related to the SLE in this study because the SLE mixture added to the sow feed was started on the 85th day of pregnancy.

A high feed intake of lactating sows can increase piglets' growth performance and positively influence subsequent reproduction (30). Furthermore, Oliviero et al. demonstrated that a sow diet has a profound effect on the robustness of piglets (31). In the current studies, piglets weaned from SLE-supplemented sows had a greater weaning weight and overall ADG than the CON group, which suggested that SLE supplementation improved sow milk production. This improvement in milk output may be due to enhanced feed intake and nutrient digestibility. Similarly, the inclusion of herbal extract blends in lactation diet were shown to enhance piglet performance and result in higher weight at weaning (32). Zhong et al. also observed that supplementation of 0.04% phytogenic additive to sows positively affected feed intake and milk production of sows and litter performance (33). In addition, Liu et al. demonstrated that the antibacterial activity and anti-inflammatory properties of S. baicalensis and L. japonica provided a beneficial effect on the immune system and even reduced subclinical or clinical infections, subsequently benefiting the health of the pigs, which could account for enhanced growth performance (18). Watson also confirmed that the inclusion of herbs could lead to an improvement in antibody levels of colostrum and increase milk quality (34). Redoy et al. suggested that dietary supplementation with herbs (Plantago lanceolata L. and Allium sativum) could prevent the undesirable microorganisms' reproduction and stimulate the secretion of antibodies, thus positively influencing the colostral concentration of IgA and IgG, serum immunocompetence, and growth performance of animals (35). On the other hand, the beneficial properties of herbal extract such as antimicrobial, antiviral, and stimulation of the immune system could improve uterine involution and protect the sow from possible postpartum urogenital infections (36). As expected, the current study indicated that SLE supplementation decreased piglets' diarrhea, which also could account for the enhanced growth performance in this study.

Notably, relative to control sows, sows fed SLE had increased serum concentrations of triglycerides, glucose, and cholesterol on farrowing. Modern genotype sows' farrowing is a long process, and yet prolonged labor could lead to dystocia and even stillbirth. And part of the reason for the prolonged labor is insufficient energy supply (18). Glucose in serum is the main source of energy for tissue cells in the sow. In this regard, improving serum concentrations of glucose and triglycerides could help to reduce sows' stress in farrowing, which is conducive to the progress of farrowing and reduces labor. The increased triglycerides and glucose concentrations in the serum of sows receiving herbal extracts indicate the latter's homeostasis-promoting effects (18, 37). Meng et al. and Ruan et al. also indicated that chlorogenic acid could regulate glucose metabolism, and improve lipids and enzymes involved in lipid metabolism in the organism (38, 39). More than 95% of the fatty acids in the cream were in the form of triglycerides, and the ingredients needed for the synthesis of fat in the milk were derived from blood fats (1). The content of triglycerides in serum of farrowing sows was significantly increased, suggesting that more triglycerides in plasma may be absorbed by the body from the peripheral circulation of the blood and used for the synthesis of milk fat (1). However, Yan et al. suggested that the increased concentrations of serum cholesterol and triglycerides might be resulted from homeostasis and the promotion of intestinal lipid absorption, respectively (16, 27). Myer et al. indicated that the formation of fat deposits depended on the level of serum triglyceride, which is accompanied by increased triglyceride and cholesterol levels. The possible reason was the increase of fatty acid synthase and the outcome of combined action of hormone sensitive enzyme activity (40). However, contrary to the results of this experiment, chlorogenic acid and baicalein had a certain regulating effect on body fat metabolism. Chlorogenic acid seemed to be more potent for bodyweight reduction and regulation of lipid metabolism than caffeic acid (41, 42). Baicalein reduces body cholesterol content by inhibiting cholesterol acyltransferase activity and cholesterol absorption, which was also clarified in earlier studies (18, 43–45).

Interleukin 10 (IL-10) is a pleiotropic cytokine with an extensive spectrum of biological effects in immunoregulation and inflammation (46). As previously reported, chlorogenic acid had a certain regulation effect on organism immunity and adaptive immunity in the regulation of inflammation and immunity, which can regulate the number of white blood cells, the function of macrophages, expression of cytokines secretion, and immune cell activation factors (47, 48). Baicalin and baicalein not only have obvious anti-inflammatory and immunosuppressive effects but also can improve the functions of macrophages and NK cells (49, 50). In the present study, serum IL-10 levels in sows and piglets increased, showing an improvement in cellular and humoral immunity of offspring in response to SLE supplementation of sows during late gestation and nursing period.

Besides providing energy and nutrients for piglets, sow colostrum's most important function was to activate the immune system and equip piglets with specific and non-specific immunity protection functions (46, 51). Feeding lactating sows a diet supplemented with SLE increased colostrum IgG and IgA concentrations in sows and serum IgA concentrations in piglets, indicating that the active compounds in SLE were deposited in sow milk. Wang et al. reported dietary herbal extracts supplementation increased colostrum IgG and IgA concentrations (52). Thus, these findings substantiate that dietary supplementation of sows with SLE during late gestation and lactation could significantly improve serum IgA and IL-10 of piglets. These may be because active substances in SLE from colostrum and milk effectively strengthen the provision of resources for supporting cells and the immune system of piglets by regulating lipid and protein metabolism (12, 13, 38). These results indicate that dietary SLE may improve weaned piglets' immune function and resistance to pathogenic microorganisms infection and attenuate stress injury on the organism.

The antioxidant status of an organism is critical for maintaining animal health and can be affected by nutrients (53, 54). Due to the antioxidant properties contained in herbs, the use of herbs as additives is important for the antioxidant system and stress tolerance of animals. Previous studies have stated that S. baicalensis inhibited lipid peroxidation in rat liver homogenate (55). Su et al. also clarified the antioxidant effect of L. japonica extract in rats (56). Shang et al. demonstrated that SLE supplementation generated a decrease in serum cortisol that could be attributed to the anti-stress and sedative properties (11). Consistent with the antioxidant function, the current study stated that supplementation of SLE mixture in sow diets significantly increased T-SOD activities in sow serum on day one of lactation. Wang et al. and Huang et al. elucidated that the antioxidant roles of S. baicalensis have been traced to several of its flavones, which include wogonin, baicalin, baicalein, and the skullcap flavone (57, 58). Choi et al. clarified that the anti-oxidative activity of L. japonica was attributed to polyphenols, flavones, iridoids, and saponins, which exhibit various antioxidant properties (59). Taking into account that increased systemic oxidative stress is observed throughout lactation in sows and that high energy metabolic demands in the lactation process accelerate mitochondrial oxidative stress and reactive oxygen species production (60, 61), it is necessary to prevent oxidative stress by SLE supplementation during lactation.



Conclusion

In summary, this study demonstrated that supplementation of 1.0 g/kg SLE [50% S. baicalensis, 30% L. japonica extract mixture, and 20% carrier (wheat bran)] in sow diet in late gestation and during lactation was the optimum content and optimized mixed-proportion that could improve immunity and production performance of sows and nursing piglets. The SLE supplementation increased immune molecules in sows' serum and milk, which is beneficial to piglet health and growth through a transmission effect.
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1), 100mg: Mn (as MnO), 25mg; 1 (as KI), 0.14mg; and Se (as

03 - 5H,0), 0.15 mg.
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