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In order to reduce the negative effects caused by oxidative stress on broilers, it is particularly important to find ways to alleviate oxidative stress. As a natural plant extract, L-theanine has a variety of biological effects, such as improving antioxidant capacity, promoting growth, and enhancing immunity and antitumor. This trial evaluated the effects of dietary supplementation of L-theanine on growth performance, antioxidation, meat quality, and intestinal microflora in 817 White Feather Broilers. A total of 108 21-day-old 817 broilers with similar body weight (BW) were randomly divided into three groups with six replicates per group and six chickens within each replicate. The three groups were corn-soybean-based diet (NC group); basal diet plus drinking water with 30 mg hydrocortisone/kg (PC group); and basal diet supplemented with 400 mg L-theanine/kg plus drinking water with 30 mg hydrocortisone/kg (LT group). Compared with the NC group, from 21 to 24 days of age, the PC and LT groups had decreased BW, average daily gain (ADG), and average daily feed intake (ADFI), and increased feed to gain ratio (F/G; p < 0.05). At 24 days of age, the LT group had improved superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activities in serum as compared to the NC group (p < 0.05). The LT group broilers also had significantly higher concentrations of malondialdehyde (MDA) in serum and liver (p < 0.05). On the 42nd days, the PC group had lower PH45min (p < 0.05) than the NC and LT groups and higher cooking loss and shear force (p < 0.05). Moreover, the villi height of the PC group was significantly lower in jejunum than the NC group (p < 0.05). The LT group had a higher ZO-1 content in duodenum than the NC and PC groups (p < 0.05). The activity of GSH-Px in the liver of the LT group was increased than in the PC group (p < 0.05). The relative abundance of Firmicutes in the LT group was significantly higher than in the NC and PC groups (p < 0.05). These results suggested that the effects of acute oxidative stress on growth performance and meat quality of broilers are continuous, and dietary supplementation of L-theanine could improve the growth performance and meat quality, enhance the intestinal mucosal barrier and antioxidant capacity, and improve the composition of the intestinal flora of broilers caused by acute oxidative stress.
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INTRODUCTION

Oxidative stress is an imbalance between the production of cell-damaging free radicals and the body's ability to neutralize them (1, 2). Oxidative stress exerts a series of adverse effects on broiler breeding, such as decreased immunity, feed intake, quality of broilers, and slower daily weight gain (3–5). For the moment, many places around the world, such as China, have forbidden to add antibiotic growth promoters in poultry diets. Therefore, it is imperative to find an effective, safe, and sustainable natural additive that can both increase the productive potential and maintain broiler health.

Previous studies have demonstrated the great potential of plant-extracted natural polysaccharides as an alternative to antibiotic additives (6, 7). L-theanine is a characteristic non-protein amino acid extracted from the tea. It is one of the flavor substances of tea, accounting for 1–2% of the weight of the dry tea, with a chemical formula C7H14N2O3. Studies have found that L-theanine has various biological activities, such as antioxidant, promoting animal growth, enhancing immunity, and protecting nerves (8, 9). Intestinal states, such as intestinal mucosal morphology, barrier integrity, and flora, are closely related to animal growth and health status (10). The intestine is an important organ for absorbing nutrients and digesting. In the state of oxidative stress, excessive accumulation of free radicals destroys the intestinal barrier. The damage in the intestine is easy to cause intestinal absorption dysfunction, bacterial community disorder, and decreased immunity (11, 12). The purpose of this experiment was to study the effects of a low dosage of L-theanine have on growth performance, antioxidant capacity, meat quality, and intestinal states of 817 White Feather Broilers that subjected to hydrocortisone-induced acute oxidative stress. It can provide theoretical guidance for practical production.



MATERIALS AND METHODS


Experimental Design, Animals, and Housing

This study was approved by the Ethics Committee of Foshan University (Fosu2022024), China. All experimental procedures involving the use of animals were conducted in compliance with relevant laws and institutional guidelines. A total of 108 21-day-old 817 broilers (a hybrid of high-quality male broiler and female laying hens) with similar body weight were randomly divided into three groups with six replicates/cages per group and six chickens within each replicate (obtained from Guangdong Muyuan Ltd, China). The three groups were corn-soybean-based diet (NC group); basal diet plus drinking water with 30 mg hydrocortisone/kg (PC group); and basal diet supplemented with 400 mg L-theanine/kg plus drinking water with 30 mg hydrocortisone/kg (LT group). All chickens were raised in a wire cage of 65 × 65 × 42 cm, in an environmentally controlled room with continuous light and ad libitum access to feed and water throughout the 21 days experiment.

Hydrocortisone is a glucocorticoid. Previous studies showed that it can induce oxidative stress in rats (13). The preliminary study demonstrated that the hydrocortisone can also induce oxidative stress in broilers. Chemical formulas of hydrocortisone and L-theanine (Aladdin Biochemical Technology Co., Ltd., Shanghai, China) respectively are C21H30O5 and C7H14O3, both have a purity of 98%.

All diets were formulated to meet the National Research Council (NRC, 1994) nutrient requirements. The ingredients and chemical composition of the basal diet are shown in Table 1.


Table 1. Composition and nutrient content of experimental diets.

[image: Table 1]



Growth Performance

All broilers were individually weighted before the experiment, on day 3, and on day 21 after a 12 h fast. The feed intake of broilers in each replicate was recorded to determine average daily gain (ADG) and average daily feed intake (ADFI). The F/G was calculated by ADFI/ADG.



Sample Collection

On day 3 and 21, one broiler was randomly selected from each replicate and marked. After 12 h of fasting, blood samples (3–5 ml) were collected from the wing vein. The sample was allowed to clot at 37°C for 2 h and subsequently centrifuged at 3,500 rpm for 15 min at 4°C to obtain serum and stored at −80°C refrigerator for future testing. The broiler was slaughtered by cervical dislocation after bleeding on day 21 of the experiment. Liver tissue samples were harvested, stored at −80°C, and used for antioxidant capacity assays. Then the right side of the pectoralis was collected to measure muscle PH and meat quality. The mucosa of the duodenum, jejunum, ileum, and the middle intestinal segment was collected and then preserved with 4% formaldehyde phosphate buffer saline (PBS) solution. The contents of the cecum and duodenum were collected and stored at −80°C for later testing.



Assay of Antioxidant Indices

The liver was isolated on an ice tray and homogenized with cold saline with a weight-to-volume ratio of 1:9. The homogenate was centrifuged at 9,000 × g for 10 min at 4°C. The supernatant was collected for measuring the indices. The total antioxidant capacity (T-AOC), glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), and malondialdehyde (MDA) concentration were determined with commercially assay kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to the method described by Yan et al. (14) and Wen et al. (15).



Small Intestinal Morphology

The intestinal tissue samples were embedded in paraffin-wax firstly, and three consecutive sects (5 μm) were stained with hematoxylin-eosin for analysis. Villi height and crypt depth were measured by using a microscope (MD50-T, OLYMPUS, China) at 40 × magnification. A total of 20–30 villi and their associated crypts per section were randomly selected, and the villus length and crypt depth were analyzed by MShot Image Analysis System. Three different intestinal villi and crypts were measured in each sample. The intestinal tight junction protein ZO-1 was measured by using a ZO-1 enzyme-linked immunosorbent assay (ELISA) kit (Nanjing Jiancheng Institute of Bioengineering, Nanjing, China) in accordance with the manufacture's instructions.



Intestinal Flora Analysis

Total genome DNA was extracted from samples using cetyltrimethylammonium bromide (CTAB)/sodium dodecyl sulfate (SDS) method. DNA concentration and purity were monitored on 1% agarose gels. DNA was diluted to l μg/μl using sterile water. 16S rRNA genes of distinct regions (V3–V4) were amplified using a specific primer with the barcode. All PCR reactions were carried out with 15 μl of Phusion® High-Fidelity PCR Master Mix (New England Biolabs); 0.2 μM of forward and reverse primers and about 10 ng template DNA. Thermal cycling consisted of initial denaturation at 98°C for 1 min, followed by 30 cycles of denaturation at 98°C for 10 s, annealing at 50°C for 30 s, elongation at 72°C for 30 s, and finally, 72°C for 5 min. Sequencing libraries were generated using TruSeq® DNA PCR-Free Sample Preparation Kit (Illumina, United States) following the recommendations of manufacturer, and index codes were added. The library quality was assessed on the Qubit@2.0 Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system. At last, the library was sequenced on an Illumina NovaSeq platform and 250 bp paired-end reads were generated.



Statistical Analysis

All data were analyzed using the one-way ANOVA of SPSS 20.0 (SPSS Inc., Chicago, IL, United States). The data were analyzed as a completely randomized design with the cages as the experimental unit. Orthogonal polynomial contrasts were used to determine linear and quadratic effects of the increasing L-theanine. Statistical significance was declared at p < 0.05 and trends at 0.05 < p < 0.10.




RESULTS


Growth Performance

The effects of dietary L-theanine supplementation on the growth performance of broilers under the oxidative stress are shown in Table 2. From 21–24 to 21–42 days of age, when compared with the NC group, the PC and LT groups had significantly lower BW, ADG, and ADFI (p < 0.05) and higher F/G at the 21–24 days (p < 0.05). In addition, the F/G in the PC group was higher than in the other two groups at 21–42 days (p < 0.05).


Table 2. Effects of dietary L-theanine on the performance of broilers under the oxidative stress1.
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Analysis of Meat Quality

Table 3 shows the results on the meat quality of the broilers, at 42 days of age, the PH45min of the PC group is significantly lower than the NC and LT groups (p < 0.05). The cooking loss and shear force of the PC group were higher than the NC and LT groups (p < 0.05).


Table 3. Effects of dietary L-theanine on meat quality of broilers under the oxidative stress1.
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Small Intestinal Morphology Analysis

As shown in Table 4, when compared with the NC group, the villi height of jejunum in the PC group is significantly decreased (p < 0.05).


Table 4. Effects of dietary L-theanine on intestinal morphology of broilers under the oxidative stress1.
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ZO-1 Protein and Antioxidant Indices

At 42 days of age, the content of ZO-1 in duodenum of the LT group was higher (p < 0.05) than in the other two groups from Table 5.


Table 5. Effects of dietary L-theanine on ZO-1 protein of broilers under the oxidative stress1.
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At 24 days of age, when compared to the NC group, the Table 6 result showed that the MDA concentrations in serum and liver were significantly increased in the PC and LT groups (p < 0.05). In addition, the LT group had increased serum SOD and GSH-Px activities (p < 0.05). At 42 days of age, the activity of GSH-Px in LT was higher than in the PC group (p < 0.05).


Table 6. Effects of dietary L-theanine on antioxidant indices in the serumand hepatic of broilers under the oxidative stress1.
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Intestinal Flora

According to the database annotation results, as shown in Figure 1, the top 10 functional pieces of information of each sample or group with the largest abundance at each annotation level were selected, and a columnar stacking bar was generated.


[image: Figure 1]
FIGURE 1. Histogram of phylum level species relative abundance. NC.D: the content of duodenum in NC group. PC.D, the content of duodenum in PC group. LT.D, the content of duodenum in LT group. NC.C, the content of cecum in NC group. PC.C, the content of cecum in PC group. LT.C, the content of cecum in LT group. a, bMeans within a row with different superscripts differ significantly (P < 0.05). Data represent the means of 6 bird for 1 bird per replicate (n = 6). PC, added hydrocortisone 30 mg/kg to drinking water in broilers basal diet; LT, fed diets supplemented with 400 mg/kg L-theanine to basal diets. NC, fed a corn-soybean meal basal diet.


Figure 2 shows that the Firmicutes abundance of the LT group is significantly higher than the NC and PC groups at 42 days of age (p < 0.05). Figure 3 suggests that the Bacteroidetes abundance of the LT group is lower than the PC and NC groups (p < 0.05).


[image: Figure 2]
FIGURE 2. Abundance of firmicutes and bacteroidetes in cecum. NC.C, the content of cecum in NC group. PC.C, the content of cecum in PC group. LT.C, the content of cecum in LT group. a, bMeans within a row with different superscripts differ significantly (P < 0.05). Data represent the means of 6 bird for 1 bird per replicate (n = 6). PC, added hydrocortisone 30 mg/kg to drinking water in broilers basal diet; LT, fed diets supplemented with 400 mg/kg L-theanine to basal diets. NC, fed a corn-soybean meal basal diet.
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FIGURE 3. Venn diagram of OUT distribution between groups. NC.D, the content of duodenum in NC group. PC.D, the content of duodenum in PC group. LT.D, the content of duodenum in LT group. NC.C, the content of cecum in NC group. PC.C, the content of cecum in PC group. LT.C, the content of cecum in LT group. a, bMeans within a row with different superscripts differ significantly (P < 0.05). Data represent the means of 6 bird for 1 bird per replicate (n = 6). PC, added hydrocortisone 30 mg/kg to drinking water in broilers basal diet; LT, fed diets supplemented with 400 mg/kg L-theanine to basal diets. NC, fed a corn-soybean meal basal diet.


As shown in Figure 3, 6,379, 6,480, and 6,414 Operational Taxonomic Units (OTUs) are obtained from the cecal samples from NC, PC, and LT groups, respectively. The number of OTUs shared by the three groups was 6,356 accounting for 99.63, 98.80, and 99.09%, respectively. In total, 6,579, 6,565, and 6,549 OTUs were obtained from the duodenal contents of the NC, PC, and LT groups, respectively. The number of OTUs shared by the three groups was 6,543, accounting for 99.45, 99.66, and 99.91% separately.




DISCUSSION

Nowadays, oxidative stress is one of the research hotspots in the animal husbandry field. Under the state of oxidative stress, broilers have many problems, such as decreased growth performance and poor meat quality, which would affect economic benefits (16). Some studies have shown that it is an effective way to alleviate oxidative stress damage of animals by adding additives with antioxidant biological function (8). L-theanine is a natural plant extracted from tea with a powerful antioxidant capacity. In addition, it has other functions and can replace antibiotics (9). Due to the actual production cost of L-theanine, this experiment investigated the effects of a low dosage of L-theanine in broilers with oxidative stress induced by hydrocortisone. The results showed that 30 mg/kg of hydrocortisone in drinking water was significantly decreased ADG, ADFI, and BW and increased in F/G as compared to the NC group. Meanwhile, the LT and PC groups had significantly increased MDA concentrations in serum and liver at 24 days of age. It meant that the challenged chickens were on a state of oxidative stress (17). The LT group had a significantly lower F/G at 21–42 days of age as compared to the PC group. This revealed that it can improve the production performance of broilers with L-theanine supplementation under the oxidative stress. Other research results also indicated that the addition of L-theanine to broiler diets can improve the production performance of poultry (18).

The intestinal tract is an important organ, which is mainly responsible for digestion and absorption (19). Villus height and crypt depth are commonly used to evaluate the functional status of the small intestine (20). The crypt is considered to be a producer of villus cells, and the lower depth of crypt indicates that the intestinal villi are in good condition (21). Lower crypt depth and higher villus height mean a higher ability of the intestine to absorb nutrients (22). Some studies have proved that the intestinal absorption of nutrients mainly depended on the intestinal villi, and the intestinal villi epithelial cells absorbed nutrients from the digestive tract into the blood. At present, it is believed that there is a positive correlation between intestinal absorption and villi height (23). Therefore, parameters of intestinal mucosal morphology can explain the differences in production performance to a certain extent (24). The results of this study demonstrated that the villi height of jejunum in the PC group was significantly lower than in the NC group. This proved that oxidative stress has negative effects on the morphology of intestinal mucosa (25). However, no significant difference in villi height of jejunum between the LT and NC groups was observed. It suggested the broilers in diet with L-theanine could improve villi height of jejunum under oxidative stress. Meanwhile, the crypt depth of jejunum, ileum, and duodenum in LT group was declined than in the PC and NC groups. Some studies provided support to improve small intestinal morphology by feeding with L-theanine in poultry diets (26), which is similar to the results in our experiment. Hence, dietary L-theanine can improve intestinal mucosal morphology, so as to improve the production performance of broilers under oxidative stress.

More and more studies have demonstrated that the intestinal flora is closely related to the host (27). In addition, the number and type of intestinal flora can affect the nutrient absorption (28), health, and even behavior (29) of the host. Therefore, 16s rRNA analysis was performed to study the effects of L-theanine on the gut flora of broilers under oxidative stress. The results showed that oxidative stress decreased the number of specific genes in the duodenum of broilers, but supplementation of L-theanine did not improve this situation. This may indicate that L-theanine cannot improve the intestinal bacterial species abundance broilers under oxidative stress in this experiment. Studies have shown that L-theanine can affect the composition of gut microbiota (30). Compared with the NC and PC groups, the LT group had significantly increased the proportion of Bacteroides and Firmicutes. It proved that L-theanine could improve the intestinal flora composition. The intestinal tract was mainly dominated by Firmicutes, followed by Proteobacteria and Bacteroidetes (31). This is the same as our results. At the same time, the relative abundance of the Firmicutes in the LT group was significantly higher than the NC and PC groups. Firmicutes were considered to be able to resist harsh environments by their physiological function (32). Related studies have revealed that increasing Firmicutes bacteria is beneficial to intestinal health and can boost the production performance of broilers (33). Studies have shown that obesity is associated with a reduction in the Bacteroidetes and the ratio of Firmicutes to Bacteroidetes (34). In this experiment, the relative abundance of Bacteroides cecum was significantly lower than that in the NC and PC groups. It suggested that L-theanine can improve the production performance via modulating the composition of intestinal microflora.

The intestinal mucosal barrier is a structure, which can prevent harmful factors in the intestine from entering the lamina propria of the intestinal mucosa (35). It is an important mechanical protection for the internal and external environment of the body. Studies have reported that oxidative stress can damage the intestinal barrier function and further allow harmful factors in the intestinal tract to enter the body's internal environment, aggravating oxidative stress, and forming a vicious circle (36). Therefore, the integrity of gut barrier was important to relieve oxidative stress. ZO-1 protein is the earliest discovered intestinal tight junction protein. Some research studies have shown that the expression level of tight junction protein is positively correlated with barrier function (37). The ZO-1 activity of the LT group was significantly increased as compared to the PC and NC groups in this study. This suggested that L-theanine can improve the intestinal barrier.

Oxidative stress can damage cell by producing excess reactive oxygen species (ROS), which affects animal health (38). There are many findings that showed that dietary supplementation of natural antioxidants can eliminate ROS and improve oxidative damage and production performance (39, 40). Zhang et al. (41) found that L-theanine can ameliorate oxidative stress caused by transportation in animals. In this study, the concentrations of MDA, SOD, T-AOC, and GSH-Px in serum and liver were measured to investigate the effects of L-theanine on the antioxidant capacity of broilers under oxidative stress. The results showed that L-theanine significantly increased the GSH-Px activity in the liver of 42-days-old broilers, indicating that L-theanine has the effect of enhancing antioxidant capacity. It may partially explain why L-theanine can improve jejunum morphology. It should be noted that the results of other researchers suggested that L-theanine can not only increase the activity of GSH-Px but also improve other antioxidant indicators, such as T-AOC and SOD (42). In this experiment, only the activity of GSH-Px was increased. This might be due to the low dosage used in our study. People have increasingly focused on meat quality recently. Not only the meat quality is required to be safe, hygienic, and nutritious but also the meat color freshness by eyes and good taste was required. Previous research showed that shear force, PH value, and cooking loss can affect the taste of meat (43). Compared with the PC group, the PH was increased and shear force and cooking loss were decreased in LT group, which was consistent with other studies (41, 44). This indicated that L-theanine can improve meat quality, which may be related to the improvement of antioxidant capacity of oxidative stress broilers.

Adding 30 mg/kg of hydrocortisone to drinking water can significantly increase the MDA concentrations and decrease the F/G and ADG in the serum and liver. This experiment verified the feasibility of using hydrocortisone to establish an acute oxidative stress model in broilers. Meanwhile, dietary supplementation with 400 mg/kg of L-theanine from days 21, the results of this study proved that L-theanine can improve the F/G ratio under acute oxidative stress in broilers. F/G ratio is a key indicator to measure the performance of broilers. This suggested that L-theanine had positive effects on the production performance of the chicken under oxidative stress. It provides certain theoretical guidance for practical production.



CONCLUSION

In conclusion, this study demonstrated that dietary supplementation of 400 mg/kg L-theanine could improve the production performance of broilers under oxidative stress. This may be achieved via improving gut morphology, enhancing antioxidant capacity, and modulating the intestinal microflora.
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