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Simple Summary: In China, and even the world, the animal husbandry industry is facing the
problem of a shortage of feed ingredients, and even humans and animals compete for food. The
development of unconventional feed resources is an urgent task. In our previous work, we analyzed
the nutritional value of tea powder and believed that it has development potential. This study
investigated the effects of supplementing different levels of tea powder in diets on pig growth
performance, meat quality, and antioxidant properties. These results provide a preliminary basis for
the application of tea powder as a supplement in animal husbandry.

Abstract: This study was conducted to evaluate the effects of tea powder in diets on the growth
performance, meat quality, muscular amino acid, fatty acid profile, and serum biochemical indices
of pigs. A total of 120 local Chinese pigs (Tibetan × Bama miniature pigs) were randomly assigned
to five treatment groups, each with six pens and four pigs per pen. During a 60-day experiment,
these groups of pigs were fed the normal diet and the diet supplemented with 1%, 2%, 4%, and 6%
tea powder, respectively. The results showed that the supplementation of tea powder did not affect
the growth performance of pigs. However, the dietary tea powder inclusion decreased (p < 0.05)
the average fat thickness, total fat, and abdominal fat, and increased (p < 0.05) the total muscle as
well. In addition, the dietary 2% tea powder decreased (p < 0.05) the muscle lightness (L*) and
yellowness (b*). Compared with the control group, the dietary supplementation with 1%, 2%, and
4% tea powder raised (p < 0.05) the total amino acids (TAA) and essential amino acids (EAA), and
dietary 4% and 6% tea powder increased (p < 0.05) the C20:5n3 in the muscle tissue. Furthermore, the
serum lipid metabolism-related biochemical indices and mRNA expression levels were improved
with the addition of tea powder. These results indicated that dietary tea powder might improve the
carcass traits and meat quality of the Chinese native finishing pigs, but it does not affect their growth
performance. Tea powder could be fully developed and reasonably applied as a dietary supplement.
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1. Introduction

With the continuous improvement of people’s quality of life, the consumer demand
has changed. Therefore, the market needs to provide higher quality meat to meet the
consumer demand. At the same time, improving the quality of meat products through
nutritional adjustments or changing feed ingredients is one of the hotspots in animal
nutrition research [1].

Tea has widely spread and rapidly become one of the most popular plant-based
beverages around the world because of its rich nutrition and unique taste. Tea contains a
variety of nutrients, including tea polyphenols, tea polysaccharides, tea saponin, a wealth
of vitamins, and minerals [2]. However, in the process of tea production and processing,
more than 20% of waste tea (tea stalks and broken leaves with no commercial value) will
be produced, which is not for human consumption. In 2020, China produced more than
2.8 million tons of tea, resulting in more than 500,000 tons of waste tea. If tea that cannot
be sold is used as fuel, it will not only waste resources but also pollute the ecological
environment. Using tea as a dietary supplement is complementary to the development of
animal husbandry and has a protective effect on the natural environment. China’s local pig
breeds are rich in resources, each with its own characteristics. In summary, Chinese local
pigs generally show several strengths, such as strong fecundity, environmental adaptability,
stress resistance, and excellent meat quality. At the same time, the relative low growth
rate and lean percentage are two main hinderances in the development of Chinese pigs.
Previous studies have shown that the dietary addition of tea powder has successfully
enhanced the meat quality of pork and inhibited the effect on oxidation. Tea polyphenols
and tea by-products can improve the pig carcass traits while increasing the crude protein
content in the muscle [3,4].

The Bama miniature pig is a fat-meat breed of swine in south China, with excellent
reproductive performance and tender meat. The Tibetan pig is a lean-meat pig from south-
west China, with strong adaptability and body-resistance. Unfortunately, the published
articles did not address the appropriate range of tea powder supplements in the feed
of Chinese local pigs (Tibetan pig × Bama miniature pig). In addition, the effects of tea
powder on the pork quality and carcass fat rate are rarely reported. Therefore, we studied
the effects of adding different levels of tea in the feed on the carcass traits, meat quality,
and blood biochemical indices of the pigs to find a more efficient diet for this specific
population in this specific environment.

2. Materials and Methods

All experiment procedures in this study were approved by the Hunan Agricultural
University and the Animal Care Committee of the Institute of Subtropical Agriculture, the
Chinese Academy of Sciences.

2.1. Preparation of Tea Powder and Its Nutritional Components

Tea was purchased from Datong-mountain national forest farm (Changde, Hunan,
China). The leaves and stems that cannot be sold were first picked from the tea leaves,
cleaned and dried under natural conditions, and then simply stir-fried until the surface
of the tea leaves was black, dry, and brittle. The treated tea leaves were placed in a 65 ◦C
constant temperature drying room for 3 days. Then, the leaves were pulverized by a
grinder and placed in a dry and dark warehouse to protect the quality of the tea powder
from deterioration.

Dry matter content determination: gb6435-86 was used to determine the water con-
tent and then subtract from the total composition; determination of crude fat content:
SOXHLET extraction method (GB/T6433-1994); determination of crude protein content:
Kjeldahl nitrogen determination method (GB/T6432-1994); determination of crude fiber
content: acid and alkali washing method (GB/T6434-1994); determination of crude ash
content: GB/T6438-1992; determination of gross energy: the use of complete oxidation
combustion method in the oxygen bomb type calorimeter; determination of calcium con-
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tent: EDTA collateral-titration method (GB/T6434-1994); determination of phosphorus
content: molybdenum yellow colorimeter method (GB/T6437-1994); nitrogen free ex-
tract content determination: calculated by the following formula, nitrogen free extract
% = [dry matter % − (crude protein % + crude fat % + crude fiber % + crude ash %)]. Ac-
cording to the above method, the nutritional composition of tea powder was analyzed, and
the results are shown in Table 1.

Table 1. The nutritional content of tea powder (%).

Item 1 Content

Dry Matter 89.23
Gross Energy (MJ/kg) 14.01

CP 23.5
EE 3.91
CF 10.74

NFE 45.41
Ca 0.79
P 0.58

1 CP = crude protein; EE = crude fat; CF = crude fiber; NFE = nitrogen free extract; Ca = calcium; P = phosphorus.

2.2. Animals and Experimental Treatments

A total of 120 Tibetan pig × Bama miniature pig crossbreed pigs (both are local
Chinese pig breeds, castrated male: female ratio = 1:1) with a mean initial body weight
(BW) of 23.61 ± 2.79 kg were used. They were fed with a corn–soybean meal; the basal diet
(Table 2) was formulated according to the Chinese National Feeding Standard of Swine
(Ministry of Agriculture of the People’s Republic of China, 2004). After 3 days adaption
period, these pigs were assigned into 5 treatment groups randomly, each with 6 replicates,
and each replicate with 4 pigs. The trial period lasted for a total of 60 days. The control
group was provided with basal diet; 4 experimental groups were added: 1%, 2%, 4%, and
6% proportions of tea to the basal diet, respectively.

Table 2. Experimental diets composition and nutrient levels (air-dried basis, %).

Item
Tea Powder Inclusion Level

CON 3 1% 2% 4% 6%

Ingredient, %
Corn 61.00 61.20 61.50 60.45 59.30

Soybean meal 22.00 21.80 21.50 20.60 19.70
Wheat bran 14.00 13.00 12.00 12.00 12.05
Tea powder - 1.00 2.00 4.00 6.00

Lysine 0.10 0.10 0.10 0.10 0.10
CaHPO4 0.70 0.70 0.70 0.70 0.70

Calcium carbonate 0.90 0.90 0.90 0.85 0.85
Salt 0.30 0.30 0.30 0.30 0.30

Premix 1 1.00 1.00 1.00 1.00 1.00
Chemical composition 2, %
Digestable energy, MJ/kg 13.60 13.60 13.60 13.52 13.42

Crude protein, % 16.06 16.08 16.06 16.07 16.08
Lysine 0.78 0.78 0.77 0.76 0.74

Methionine + Cystine 0.53 0.52 0.51 0.50 0.49
Threonine 0.51 0.50 0.49 0.48 0.46
Calcium 0.61 0.61 0.62 0.61 0.63

Total phosphorus 0.55 0.54 0.54 0.54 0.54
1 Premix, provided per kg of the complete diet: vitamin A, 10,800 IU; vitamin D3, 4000 IU; vitamin E, 40 IU; vitamin K3, 4 mg; vitamin B1,
6 mg; vitamin B2, 12 mg; vitamin B6, 6 mg; B12, 0.05 mg; biotin, 0.2 mg; folic acid, 2 mg; niacin, 50 mg; D-pantothenic acid, 25 mg; copper,
150 mg; iron, 100 mg; manganese, 40 mg; zinc, 100 mg; iodine, 0.5 mg; selenium, 0.3 mg. 2 The contents of total energy, crude protein,
calcium, total phosphorus, and amino acid composition were analyzed. 3 CON = control group (basic fodder), and the following table has
the same representation.
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Every 4 pigs were housed together in 2.5 × 2.5 m cages on the ground. The space is
enough for 4 pigs to roam free, simultaneously feed, and intake water. The pigs were fed
three times a day, at 8:00 a.m., 1:00 p.m., and 6:00 p.m., respectively. Ear tags were used to
distinguish between groups. The initial weight, final weight, and daily feed intake of each
pig were recorded; average daily gain (ADG) and average daily feed intake (ADFI) of each
pig were measured. The feed conversion then could be obtained from dividing feed intake
by animals’ weight (F: G).

2.3. Sample Collection

At the end of the test, the remaining feed in the trough was cleaned. Ten pigs were
selected randomly for slaughter in different treatment groups and had been taken off
feed for 24 h before slaughter. All the samples were transported from the farm to the
slaughterhouse (10 km, 30 min) and were sacrificed by using electrical stunning (120 V,
180 Hz, about 3–5 s) followed by exsanguination and dehairing. Then, the butcher removed
the heads, tails, hoofs, and internal organs. After these operations, weighed out the carcass
weights and calculated the slaughter rate (carcass weight/live body weight); each carcass
was divided into two halves.

Blood was collected from the jugular vein of the pigs with a volume of 20 mL before
slaughter. After placing the blood samples at r.t. for 30 min, centrifuged them at 3500 r/min
for 10 min to separate the serum. The serum was put into 1.5 mL EP tubes and stored at
−80 ◦C for subsequent index detection.

2.4. Assessment of Carcass Traits and Meat Quality

The longissimus dorsi (LD) muscle (300g/pig) and subcutaneous fat (150g/pig) between
the sixth rib and the seventh rib were collected in the right side of the carcass and stored
at −20 ◦C. The left half of the carcass was used to measure the thickness of the backfat
between the sixth rib and the seventh rib and also determine the skin thickness and the
length of the carcass. After that, the carcass was dissected into muscle, fat, and bones. These
parts were then weighed and the results recorded to calculate the total muscle percentage,
total fat percentage, and total bone percentage.

Meat quality assessment includes muscle color, 45 min pH, 24 h pH, water-holding
capacity, shear force, and cooking loss. Muscle pH was measured at 45 min and 24 h
after slaughter by using a hand-held pH meter (pH-Star, Matthäus, Pöttmes, Germany),
inserting the pH meter electrode into the muscle parallel to the muscle fibers, and recording
the data. An objective color analysis of the LD muscle was performed using a chroma meter
(CR410, Konica Minolta Sensing Inc., Tokyo, Japan) with D65 light source, 50-mm aperture,
and Φ50 mm measurement area after slaughter (45 min), and the L*(lightness), a*(redness),
and b*(yellowness) were performed in two repetitions. The LD muscle removed fat and
other tissues, heated it to a central temperature of 70 ◦C in the water bath, and measured
the cutting force of the meat using a shearer (GR-150, The G-R Electric Manufacturing
Company LLC., Manhattan, NY, USA) for eight repetitions after cooling. LD muscle was
cut into a 1 cm thick piece, heated it in a water bath, and calculated the proportion of
cooked meat weight to sample weight after cooling [5]. The remaining section was used
to access water-holding capacity. The muscle samples were wrapped in gauze, 18 layers
of filter paper were placed on the top and bottom of the sample, and under a constant
pressure of 300 N for 5 min (Tenovo Meat-1, Tenovo International Co., Limited, Beijing,
China), and the water-holding capacity was expressed as the percentage of the meat weight
at the end of squeezing. Some muscle samples were freeze-dried and pulverized; Soxhlet
leaching (SOX416 Macro, C. Gerhardt Gmbh&Co., Königswinter, Germany) was taken to
calculate the intramuscular fat (IMF) content by the freeze-dried muscle sample weight
change. In addition, the crude protein (CP) contents of the muscle sample were measured
by using Kjeldahl method (QDN-II, Jiangsu tongjun instrument technology Co. Ltd.,
Changzhou, China). The detection of IMF and CP refers to the Association of Official
Analytical Chemists’ methods [6].
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2.5. Chemical Analysis of Longissimus Dorsi Tissue

The samples were placed in a vacuum freeze dryer and converted into powder. After
pretreatment, the composition and content of free amino acids in muscle samples were
detected by using a fully automatic amino acid analyzer (L8800, Hitachi, Tokyo, Japan). In
detail, approximately 0.5 g of the freeze-dried muscle samples were weighed, homogenized
with 2–5 mL of 0.01 N hydrochloric acid, and subjected to ultrasonic extraction. The
supernatant was transferred and an equal volume of n-hexane was added to remove fat.
After filtration, an 8% sulfosalicylic acid solution was added and left to stand overnight,
and 1ml sample was centrifuged and passed through a 0.45 µm membrane, then detected
by a fully automatic amino acid analyzer. The content and composition of fatty acids in
muscle were measured by gas chromatography (6890N, Agilent Technologies Co. Ltd.,
Santa Clara, CA, USA).

Approximately 0.5 g of the freeze-dried muscle samples were extracted in a solution
of chloroform and methanol (1:1, v/v); the fatty acid methyl esters were prepared using
KOH/methanol. The analysis of fatty acid methyl esters was determined with an Agilent
6890N gas chromatographer equipped with SP2560 column (100 m × 250 µm × 0.2 µm).
By comparing with the standard (sigma chemical), the retention time of each fatty acid
peak corresponds to it. The concentration of each fatty acid was quantified based on the
peak area and calculated as a percentage of the total fatty acids.

2.6. Serum Biochemical Indices

Serum enzyme activities of the alanine transaminase (ALT), aspartate transaminase
(AST), alkaline phosphatase (ALP), lipase (LPS), serum concentrations of creatinine (CREA),
blood glucose (GLU), triglyceride (TG), total cholesterol (CHOL), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) were analyzed using a CX Automatic Biochem-
ical Analyzer (The Beckman Company, Brea, CA, USA) and commercial kits (Leadman
Biochemistry Technology Company, Beijing, China) according to the company instruc-
tion books.

2.7. Serum Antioxidative Parameters

Serum activities of the total antioxidant capacity (TAO-C), superoxide diamutase (SOD),
glutathione peroxidase (GSH-Px), and malondiadehyde (MDA) were analyzed using col-
orimetric methods with a spectrophotometer (Biomate 5, Thermo Electron Corporation,
Rochester, NY, USA). The commercial kits were purchased from Nanjing Jiancheng Bioengi-
neering Institute (Nanjing, Jiangsu, China) and used with reference to the instructions.

2.8. Quantitative Real-Time PCR Analysis

The quantitative real-time PCR was conducted as described in our previous study [7].
The RNA was isolated from the LD muscle tissue using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA), and the test operation was carried out in accordance with the instructions.
The ABI7900HT real-time PCR system (Applied Biosystems, Branchburg, NJ, USA) was
used for quantitative real-time PCR to determine the relative mRNA expression level of
selected genes.

Primers of the target genes were designed using Primer 5.0 software (Table 3). In
order to regulate the mRNA expression level of target genes, the housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was selected as an internal control.
The procedure of quantitative real-time PCR is as follows: incubated at 95 ◦C for 10 min,
denatured at 95 ◦C for 15 s (there are 40 cycles), annealed at 60 ◦C for 60 s, and extended
at 72 ◦C for 30 s. Using the comparison 2−∆∆Ct method, the threshold cycle (Ct) value of
real-time PCR and the value related to the internal control can be used to obtain the mRNA
expression level of any unit of the target gene [8].
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Table 3. Primers used for quantitative real-time PCR.

Genes Primers Sequences (5′ to 3′) Product Size, bp

ACC
Forward GGCCATCAAGGACTTCAACC

120Reverse ACGATGTAAGCGCCGAACTT

ATGL
Forward ATGTTCCCCAAAGAGACGAC

583Reverse GGCGAAGCGGGTTATGAT

HSL
Forward CACAAGGGCTGCTTCTACGG

167Reverse AAGCGGCCACTGGTGAAGAG

FATP1
Forward GGAGTAGAGGGCAAAGCAGG

208Reverse AGGTCTGGCGTGGGTCAAAG

GAPDH
Forward AAGGAGTAAGAGCCCCTGGA

140Reverse TCTGGGATGGAAACTGGAA

ACC = acetyl-CoA carboxylase α, ATGL = adipose triglyceride lipase, HSL = hormone-sensitive lipase, FATP1 = fatty acid transport protein
1, GAPDH = Glyceraldehyde-3-phosphate dehydrogenase.

2.9. Statistical Analysis

The data obtained in all experiments were first summarized by Excel software (Mi-
crosoft Co., Redmond, WA, USA), and then analyzed by one-way ANOVA using SPSS
20 software (International Business Machines Co., Armonk, NY, USA). The homogeneity
test of variance was performed using the Duncan multiple comparisons test in the case
of heterogeneity. Orthogonal polynomial contrasts were performed to determine linear
and quadratic effects of increasing dietary tea powder on the measured traits. The results
were expressed as arithmetic means and SEM; differences were considered statistically
significant at p-value < 0.05.

3. Results
3.1. Growth Performance

Table 4 shows that the final weight, ADG, and F:G ratio did not show significant
differences between the control and treatment groups. The 2% tea group showed an
increase (p < 0.05) in the ADFI compared with the 6% tea group, but no significant difference
was observed between the control and treatment groups.

Table 4. Effects of dietary supplements with tea powder on growth performance of the pigs.

Item 1
Tea Powder Inclusion Level

SEM
p-Value

CON 1% 2% 4% 6% ANOVA Linear Quadratic

Initial weight, kg 23.49 23.64 23.56 23.68 23.70 1.18 1.00 0.86 0.99
Final weight, kg 46.59 47.46 49.21 46.64 49.12 1.92 0.50 0.34 0.83

ADFI, kg/d 1.31 ab 1.31 ab 1.33 a 1.31 ab 1.29 b 0.01 0.04 0.12 0.01
ADG, g/d 360.94 372.27 393.44 358.86 397.13 26.78 0.50 0.34 0.98

F: G 3.67 3.54 3.41 3.64 3.26 0.25 0.46 0.22 0.83
ab Different superscripts in the same row indicate significant differences (p < 0.05). 1 ADFI = average daily feed intake; ADG = average
daily gain; F: G = feed: gain ratio.

3.2. Carcass Traits

As shown in Table 5, compared with the control group, both the 2% and 4% tea groups
were decreased (p < 0.05) in regard to the abdominal fat weight, and the diet supplement
with 1% and 2% tea powder demonstrated significantly increased (p < 0.05) carcass lengths;
the 4% tea group showed a reduction in (p < 0.05) the average back fat thickness; the
4% tea group showed a 2.49% increase (p < 0.05) in the total muscle percentage; the 2%,
4%, and 6% tea groups showed 4.14%, 5.73%, and 3.55% decreases (p < 0.05) in the total
fat, respectively. There was no difference (p > 0.05) obtained between the control group
and the treatment groups in terms of the dressing percentage, skin thickness, and total
bone percentage. Furthermore, increasing the level of the dietary tea powder caused the
abdominal fat of the pigs to decrease quadratically (p < 0.05).
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Table 5. Effects of dietary supplements with tea powder on carcass traits of the pigs.

Item
Tea Powder Inclusion Level

SEM
p-Value

CON 1% 2% 4% 6% ANOVA Linear Quadratic

Dressing percentage, % 68.25 66.36 68.09 67.45 65.88 1.39 0.35 0.25 0.64
Abdominal fat, kg 1.40 a 1.36 a 1.10 b 1.08 b 1.25 ab 0.12 0.03 0.04 0.04
Carcass length, cm 72.17 75.80 76.40 73.10 74.57 1.65 0.06 0.31 0.14
Skin thickness, mm 2.88 2.61 2.64 2.82 2.80 0.22 0.67 0.92 0.26
Fat thickness, mm 34.56 a 32.01 a 32.98 a 26.14 b 30.53 a 2.01 <0.01 <0.01 0.26

Eye muscle area, cm2 9.60 10.37 10.70 9.40 10.27 0.54 0.10 0.78 0.32
Total muscle, % 40.13b 39.88b 41.70 ab 42.62 a 40.87 ab 0.92 0.03 0.05 0.12

Total fat, % 32.00 a 31.25 ab 27.86 c 26.27c 28.45 bc 1.57 <0.01 <0.01 0.07
Total bone, % 12.78 12.72 12.83 13.71 13.31 0.76 0.64 0.22 0.97

a–c Different superscripts in the same row indicate significant differences (p < 0.05).

3.3. Meat Quality

The effects of the dietary tea powder inclusion level on the meat quality of the pigs
are presented in Table 6. The 45 min pH was significantly decreased in the 2% tea group
(ANOVA and Quadratic, p < 0.05), and the meat lightness (L*) in the 2% and 4% tea groups
was decreased (ANOVA and Quadratic, p < 0.05) more than in the control group. However,
no significant differences were observed in the 24 h pH, meat redness (a*), water-holding
capacity, cooking loss, shear force, and IMF, and there is a trend toward significance in the
CP (p = 0.07).

Table 6. Effects of dietary supplements with tea powder on meat quality of the pigs.

Item 1
Tea Powder Inclusion Level

SEM
p-Value

CON 1% 2% 4% 6% ANOVA Linear Quadratic

45 min pH 6.29 a 6.25 ab 6.01 b 6.41 a 6.47 a 0.13 0.01 0.06 0.02
24 h pH 5.97 5.91 5.96 5.90 5.92 0.24 1.00 0.84 0.95

Meat color1
L* 47.29 a 46.68 abc 45.14 c 45.41 bc 46.99 ab 0.83 0.04 0.35 <0.01
a* 14.80 14.97 15.72 15.63 15.36 0.44 0.17 0.08 0.15
b* 5.45 ab 5.59 ab 5.00 b 5.50 ab 5.81 a 0.35 0.04 0.43 0.13

Water-holding capacity, % 80.32 80.17 80.60 80.68 80.75 1.47 0.99 0.67 0.98
Cooking loss, % 43.81 45.39 45.30 45.20 45.35 1.69 0.86 0.44 0.52
Shear force, N 42.47 47.89 45.60 48.64 51.72 4.79 0.41 0.09 0.96

IMF, % 3.39 3.85 3.63 3.83 3.75 0.23 0.26 0.18 0.27
CP, % 21.77 22.42 22.27 22.34 22.42 0.25 0.07 0.04 0.18

a–c Different superscripts in the same row indicate significant differences (p < 0.05). 1 L*: lightness; a*: redness; b*: yellowness; IMF:
intramuscular fat; CP: crude protein.

3.4. Amino Acid Profile of LD Muscle

As shown in Table 7, the dietary supplementation with 1%, 2%, and 4% tea powder
increased the TAA and EAA in the LD muscle. However, all the treatment groups did
not affect the content of the FAA compared with the basal diet group. An analysis of
the different kinds of AA revealed that, with the addition of tea powder, the AA content
showed a gradual increase, and, when the tea powder was added to 6%, the content
decreased. The value of the EAA/TAA in each treatment group was around 40%, and
the highest value of the 1% tea powder group was 40.36%. Interestingly, the addition of
different levels of tea significantly reduced (ANOVA, Linear and Quadratic, p < 0.05) the
Asp contents. Furthermore, increasing the level of the dietary tea powder caused the TAA
and EAA of the pigs to increase quadratically (p < 0.05).
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Table 7. Effects of dietary tea powder on free amino acids profile of LD muscle tissue of the pigs.

Item 1, (mg/kg)
Tea Powder Inclusion Level

SEM
p-Value

CON 1% 2% 4% 6% ANOVA Linear Quadratic

Asp 169.52 a 72.50 b 70.22 b 65.16 b 56.43 b 8.35 <0.01 <0.01 <0.01
Thr 40.03 b 51.20 a 43.01 b 44.36 ab 37.02 b 3.66 0.01 0.12 0.01
Ser, 41.50 53.96 45.38 44.64 38.36 5.39 0.07 0.22 0.04
Glu 41.14 54.78 50.90 45.66 46.44 5.16 0.10 0.90 0.05
Gly 182.66 207.77 176.24 174.83 175.55 16.46 0.24 0.22 0.68
Ala 298.49 ab 334.23 a 342.32 a 359.22 a 245.20 b 28.03 <0.01 0.27 <0.01
Val 96.81 ab 100.95 a 102.07 a 88.17 ab 84.55 b 6.42 0.03 0.01 0.08
Cys 9.11 9.88 9.54 8.20 7.23 1.50 0.40 0.11 0.26
Met 15.73 c 23.87 a 22.34 ab 20.09 b 19.73 b 1.66 <0.01 0.26 <0.01
Ile 58.07 b 73.06 a 73.10 a 65.16 ab 63.50 ab 4.49 0.01 0.80 <0.01

Leu 77.06 b 95.52 a 94.64 a 88.46 ab 87.33 ab 6.46 0.05 0.39 0.02
Tyr 52.00 58.61 54.07 57.35 51.16 3.92 0.26 0.75 0.09
Phe 57.28 b 77.88 a 74.66 a 73.68 a 73.70 a 4.24 <0.01 0.01 0.39
Lys 74.04 78.76 77.04 75.66 66.95 4.42 0.09 0.10 0.03
His 37.99 35.79 40.88 38.91 33.99 3.39 0.14 0.35 0.06
Arg 41.01 46.62 42.20 48.03 42.59 3.60 0.24 0.58 0.14
Pro 32.99 38.98 33.23 30.72 28.46 3.90 0.11 0.07 0.11

TAA 2 1313.06 b 1428.18 a 1428.74 a 1470.94 a 1328.90 b 31.69 <0.01 0.30 <0.01
EAA 3 504.01 b 576.42 a 566.32 a 581.30 a 533.16 b 14.88 <0.01 0.06 <0.01
FAA 4 731.94 723.51 755.77 764.71 725.85 21.77 0.23 0.56 0.15

EAA/TAA, % 38.44 40.36 39.67 39.72 40.12 1.31 0.61 0.37 0.49

ab Different superscripts in the same row indicate significant differences (p < 0.05). 1 Asp: Aspartic acid; Thr: Threonine; Ser: Serine; Glu:
Glutamic acid; Gly: Glycine; Ala: Alanine; Val: Valine; Cys: cystine; Met: Methionine; Ile: Isoleucine; Leu: Leucine; Tyr: Tyrosine; Phe:
Phenylalanine; Lys: Lysine; His: Histidine; Arg: Arginine; Pro: Proline. 2 TAA = total AA. 3 EAA = essential AA, including Thr, Val, Met,
Ile, Leu, Phe, Lys. 4 FAA = flavor AA, including Asp, Glu, Gly, Ala, Met, Arg, Pro.

3.5. Fatty Acid Profile in LD Muscle Tissue

The fatty acid profile in the LD muscle tissue is shown in Table 8. The results showed
no significant difference in the total of SFA, MUFA, and PUFA between the different
treatment groups. However, the dietary supplement with 4% or 6% tea powder significantly
raised the C20:5n3 in the LD muscle (ANOVA and Linear, p < 0.05).

Table 8. Effects of dietary tea powder on fatty acids profile of LD muscle tissue of the pigs.

Item, %
Tea Powder Inclusion Level

SEM
p-Value

CON 1% 2% 4% 6% ANOVA Linear Quadratic

C10:0 0.10 0.10 0.10 0.09 0.09 0.01 0.33 0.05 0.57
C12:0 0.09 0.09 0.09 0.08 0.08 0.01 0.17 0.02 0.65
C14:0 1.60 1.50 1.55 1.57 1.54 0.07 0.29 0.21 0.78
C15:0 0.05 0.05 0.05 0.05 0.06 0.01 0.67 0.15 0.89
C16:0 27.49 27.58 27.13 27.59 27.37 0.55 0.91 0.85 0.84
C17:0 0.41 0.41 0.42 0.49 0.49 0.05 0.18 0.03 0.58
C18:0 13.08 13.34 13.44 13.66 13.58 0.28 0.27 0.03 0.46
C20:0 0.25 0.23 0.23 0.24 0.25 0.01 0.22 0.70 0.02
C14:1 0.06 0.05 0.05 0.06 0.05 0.01 0.75 1.00 0.64
C16:1 3.73 3.72 3.62 3.70 3.69 0.14 0.94 0.72 0.63

C18:1n9t 0.16 0.15 0.14 0.14 0.14 0.14 0.62 0.26 0.30
C18:1n9c 37.51 38.43 37.82 36.85 36.98 1.09 0.60 0.28 0.50

C20:1 1.26 1.20 1.19 1.22 1.27 0.08 0.79 0.87 0.21
C18:2n6c 8.76 b 8.28 b 10.47 a 9.50 ab 9.85 ab 0.80 0.04 0.07 0.49
C18:3n6 0.08 0.08 0.08 0.08 0.08 0.01 1.00 0.91 0.87
C18:3n3 0.23 0.21 0.25 0.25 0.26 0.02 0.25 0.09 0.44
C20:3n6 0.35 0.34 0.36 0.36 0.37 0.03 0.89 0.34 0.88

C20:2 0.37 0.34 0.36 0.35 0.37 0.03 0.86 0.76 0.49
C20:4n6 3.02 2.83 3.49 3.35 3.30 0.31 0.22 0.13 0.52
C20:5n3 0.09 b 0.09 b 0.09 b 0.13 a 0.17 a 0.02 <0.01 <0.01 0.03

SFA 1 43.65 43.36 43.03 43.96 43.46 0.79 0.81 0.90 0.69
MUFA 2 42.75 43.54 41.94 41.86 42.13 1.35 0.71 0.33 0.89
PUFA 3 13.60 13.10 15.04 14.52 14.42 1.70 0.80 0.42 0.72

ab Different superscripts in the same row indicate significant differences (p < 0.05). 1 SFA (saturated fatty acid %) = C10:0 + C12:0 + C14:0 +
C15:0 + C16:0 + C17:0 + C18:0 + C20:0. 2 MUFA (monounsaturated fatty acid %) = C14:1 + C16:1 + C18:1n9t + C18:1n9c + C20:1. 3 PUFA
(polyunsaturated fatty acid %) = C18:2n6c + C18:3n6 + C18:3n3 + C20:3n6 + C20:2+ C20:4n6 + C20:5n3.
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3.6. Serum Biochemical Indices

As shown in Table 9, the dietary supplement of 2% tea powder resulted in the higher
(p < 0.05) enzyme activities of AST and ALP in the serum when compared with the control
group, and 6% tea powder significantly reduced the content of CREA in the serum (p < 0.05).
For the two indices of HDL and LDL, as the amount of dietary tea powder increased, the
HDL content gradually increased (p < 0.05), but the LDL content showed the completely
opposite trend (p < 0.05).

Table 9. Effects of dietary supplements with tea powder on serum biochemical indices of the pigs.

Item
Tea Powder Inclusion Level

SEM
p-Value

CON 1% 2% 4% 6% ANOVA Linear Quadratic

ALT, (U/L) 70.34 62.84 69.52 62.42 68.70 3.64 0.08 0.67 0.16
AST, (U/L) 52.89 b 50.13 b 65.78 a 56.50 ab 56.25 ab 5.44 0.05 0.31 0.17
ALP, (U/L) 124.11 b 129.38 ab 150.60 a 142.25 ab 120.00 b 11.75 0.05 0.87 <0.01

CREA, (µmol/L) 95.10 ab 99.00 a 103.89 a 95.67 ab 84.33 b 6.54 0.05 0.11 0.02
GLU, (mmol/L) 5.13 4.53 5.06 5.11 4.67 0.35 0.29 0.67 0.86
TG, (mmol/L) 0.87 0.83 0.85 0.79 0.85 0.09 0.91 0.69 0.61

CHOL, (mmol/L) 3.09 3.03 2.96 2.99 2.92 0.20 0.92 0.39 0.87
HDL, (mmol/L) 0.97 c 1.14 ab 1.03 bc 1.12 abc 1.25 a 0.07 <0.01 <0.01 0.51
LDL, (mmol/L) 1.89 a 1.70 ab 1.71 ab 1.68 ab 1.49 b 0.13 0.05 <0.01 0.91

LPS, (U/L) 43.52 b 29.28b 102.61 a 97.35 a 52.63 b 15.77 <0.01 0.02 <0.01
a–c Different superscripts in the same row indicate significant differences (p < 0.05).

3.7. Serum Antioxidative Parameters

The effects of the dietary supplement with tea powder on the concentrations of the
TAO-C, SOD, GSH-Px, and MDA in the serum of the pigs are presented in Table 10. Only
the activity of serum GSH-Px significantly increased in the 2% and 6% tea powder groups
compared with the 1% group (p < 0.05); however, there was no significant difference
between the control group and the treatment groups.

Table 10. Effects of dietary supplements with tea powder on serum antioxidative parameters of the pigs.

Item, (U/mL)
Tea Powder Inclusion Level

SEM
p-Value

CON 1% 2% 4% 6% ANOVA Linear Quadratic

TAO-C 3.34 3.42 3.24 3.40 3.44 0.09 0.24 0.40 0.29
SOD 90.83 91.91 92.78 90.81 95.68 2.72 0.37 0.16 0.51

GSH-Px 814.17 ab 785.89 b 820.92 a 809.51 ab 831.65 a 13.81 0.03 0.08 0.14
MDA, (nmol/mL) 4.48 4.07 3.79 3.83 3.98 0.33 0.25 0.10 0.11

ab Different superscripts in the same row indicate significant differences (p < 0.05).

3.8. The Relative mRNA Expression Levels of Lipid Metabolism

As shown in Figure 1, the ACC gene is related to the fatty acid synthesis in the LD
muscle, and the use of tea powder significantly decreased the expression of the ACC genes
(p < 0.05). ATGL and HSL are two important lipases in animals, which break down fats
into glycerol and fatty acids. In this study, adding tea powder to the diet can significantly
increase the mRNA expression of ATGL and HSL (p < 0.05). FATP1 is related to the intake
of fatty acids. The addition of 6% tea can significantly reduce the mRNA expression of
FATP1 (p < 0.05) in the LD muscle.
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metabolism include acetyl-CoA carboxylase α (ACC), fatty acid transport protein 1 (FATP1), 
hormone-sensitive lipase (HSL), adipose triglyceride lipase (ATGL) (n = 6). Duncan, linear and 

Figure 1. Diet supplement tea powder inhibited fat synthesis and promoted fat catabolism in
longissimus dorsi muscle. The relative mRNA expression levels of the key genes related to lipid
metabolism include acetyl-CoA carboxylase α (ACC), fatty acid transport protein 1 (FATP1), hormone-
sensitive lipase (HSL), adipose triglyceride lipase (ATGL) (n = 6). Duncan, linear and quadratic
effects for tea powder inclusion levels. Data are expressed as means ± SEM; ab different superscripts
indicate significant differences (p < 0.05).

4. Discussion

The polyphenolic compounds belong to the category of biologically active ingredients
contained in green tea, which can be divided into flavonoids, flavanols, phenolic acids,
and so on. Their biological activities focus on the antioxidant capacity [9], antibacterial
capacity [10], lipid metabolism regulation [11], anti-cardiovascular activity [12], anti-cancer
activity [13], and gut health-promoting activity [14].

As is commonly known, the quality of meat products determines the consumption
habits of consumers. Adding different levels of tea powder to pig diets has varying degrees
of impact on pig growth performance, carcass traits, and meat quality. In this study, the
dietary tea supplements did not affect the growth performance of the pigs, consistent with
previous studies [3]. However, with the increasing amount of dietary tea powder, the
ADFI showed a trend to rise before plateauing. The reason might be that tea contains
anti-nutritional elements (condensation tannic acid), and tannin acid with a bitter taste can
be combined with proteins, sugars, and metal ions to form complexes that are difficult to
digest and absorb [15–17].

Chinese local pigs have good meat quality and are tolerant to rough feeding but have
a higher fat ratio. In previous studies, tea polyphenols can affect the fat deposition by
regulating lipid metabolism [18,19] and promoting the expression of PPAR-α, CPTla, and
LDLγ [20]. Accordingly, in the present study, the dietary tea supplements reduced the total
fat, abdominal fat weight, and average fat thickness. The 4% tea powder group had the
most significant effect on the above indicators, with the carcass total fat being reduced
by 17.91%, and the total muscle content was increased by 6.20% compared to the control
group. The reason for this result may be that 4% of the tea powder has the most obvious
regulatory effect on certain lipid metabolism genes, or it promotes the metabolism of TG
and glycogen. The same results were obtained after testing the relevant indicators.



Animals 2021, 11, 3225 11 of 14

The meat quality not only affects consumers’ purchasing decisions but also the meat
taste and storage time. Among them, the meat color is the key factor to judge the appearance
and freshness of pork [21,22]. Our results suggest that the meat color could be improved
by supplementing dietary tea. Previous studies have shown that meat is of the best quality
when the content of the IMF in the muscle is about 3% [23,24]. In this study, although
the IMF content in the LD muscle of each treatment group reached about 3.5%, the meat
quality of the local Chinese pigs was still good. In other words, the addition of tea powder
during the whole experiment would not reduce the IMF content.

Meat is an important source of protein with high biological value, providing a variety
of amino acid nutrition for human growth and development [25]. The types and compo-
sition of amino acids in dietary proteins have an important impact on protein utilization
and weight gain [26]. Tea is rich in amino acids, including the theanine found only in tea,
which is also the main source of green tea sweetness [27]. The composition and content of
amino acids can reflect the protein content of meat products. In the meat quality evaluation
system, the flavor of amino acids plays a key role in the flavor of meat [28]. Among them,
Asp, Ser, Glu, Gly, and Ala present umami taste [29]. In this study, compared with the
control group, each treatment group increased the TAA, EAA, and FAA in the LD muscle,
especially for the 4% tea powder group. In addition, in previous studies of the nutritional
value of protein and meat, researchers found that the essential amino acid content/total
amino acid content (EAA/TAA) of muscles with good meat quality is about 40% [30]. The
EAA/TAA of the different treatment groups in this experiment was about 40%, and higher
than the control group; the 1% tea group was the highest (EAA/TAA = 40.36%). The
polyunsaturated fatty acids are good for human health. Among them, C18:3n3, C20:5n3,
and C22:6n3 can reduce cholesterol accumulation in the body [31,32]. The results of this
study indicated that, when the dietary tea powder was supplemented at 4% or more, the
content of the C20:5n3 showed a significant improvement compared with the control group,
improving the nutritional value of the meat.

As an important component, blood is involved in the body composition of people
and animals. It is a special connective tissue that carries oxygen and nutrients, discharges
metabolic waste, regulates body temperature, and stabilizes vascular pressure. Through the
analysis of serum biochemical indices, the degree of digestion and absorption of nutrients
and animal health can be judged. In this study, the feeding diets containing more than
2% tea caused an increase in the AST activity, which may be related to the anti-nutritional
effects of tannins in tea [33]. Furthermore, when the AST/ALT is greater than one, it can
be diagnosed as extensive liver damage [34,35]. The results of this study showed that
the AST/ALT were both less than one, and there were no qualitative lesions in the pig
liver. Meanwhile, it also suggested that the amount of the dietary tea powder should
not be too high. In this study, the ALP activity of the 2% tea powder addition group
was significantly higher than that of the control group. The ALP activity of the pigs was
significantly positively correlated with the ADG. By improving the activity of the ALP
enzyme, it helps to increase the feed intake of the pigs [36]. T-AOC, SOD, and GSH-Px are
important indicators that reflect the body’s antioxidant level, also known as the body’s
antioxidant enzyme system [37]. Among them, GSH-Px catalyzes peroxides to produce
alcohol or water through a reduction reaction. In this process, glutathione is used as a
reducing agent to remove oxidizing free radicals. We found that feeding tea powder could
increase the activity of GSH-Px in the serum, thereby increasing the antioxidant levels
in pigs.

As mentioned above, supplementing the diet with tea powder can help reduce the
fat rate and the thickness of subcutaneous fat in pigs. Whether the results are related to
the expression level of lipid metabolic genes remains to be studied. ACC is a rate-limiting
enzyme that synthesizes fatty acids [38]. According to the results, a dietary supplement
of 2% tea significantly reduced the mRNA expression level of the ACC. ATGL and HSL
are two important lipases in the animal body. ATGL first hydrolyzes triglycerides into
diacylglycerol and one molecule of fatty acid, then HSL continues to catalyze the conversion
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of diacylglycerol into monoacylglycerol and one molecule of fatty acid [39]. In the present
study, the tea powder significantly up-regulated the mRNA expression level of the ATGL
and HSL, indicating that tea powder might accelerate the metabolism of fatty acids. Lipid
uptake is mainly regulated by fatty acid transporters, such as FATP1, whose overexpression
promotes the uptake of fatty acids in cells [40]. In this study, the tea powder significantly
reduced the mRNA expression of the FATP1, suggesting that it helped reduce the body’s
intake of fatty acids.

5. Conclusions

In summary, dietary tea powder supplements can improve the carcass traits and meat
quality without affecting the growth performance of Tibetan × Bama miniature pigs. It is
worth noting that dietary tea powder can be used as a supplement, and this study provides
the support of data and a theoretical basis for the effective application of tea powder in the
pig industry.

Author Contributions: Z.Y., Y.D., Q.C. and F.L. designed the experiments; Z.Y. and Y.Z. conducted
the experiments; W.W., L.Z., Q.G. and Y.Y. helped with animal experiments; Z.Y. analyzed the data
and wrote the original draft; Q.C. and F.L. revised the manuscript. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was funded by the National Nature Science Foundation of China (31972582),
Funds for Distinguished Young youths of Hunan Province (2020JJ2030), Key R & D Program of Hunan
Province (2022NK2026), the Science and technology projects of Changsha City (kq1801059), the Youth
Innovation Promotion Association CAS (Y202079), the Earmarked Fund for China Agriculture
Research System (CARS-35) and the Open Fund of Key Laboratory of Agro-ecological Processes in
Subtropical Region, Chinese Academy of Sciences (No. ISA2021202).

Institutional Review Board Statement: This study was approved by the Animal Care and Use
Committee of the Institute of Hunan Agricultural University (No. 2013-06).

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors have no conflicts of interest to declare.

Abbreviations

ADFI: average daily feed intake; ADG: average daily gain; F:G: the ratio of feed to
meat; L*: lightness; a*: redness; b*: yellowness; IMF: the intramuscular fat; CP: crude
protein; ALT: alanine transaminase; AST: aspartate transaminase; ALP: alkaline phos-
phatase; LPS: lipase; CREA: serum concentrations of creatinine; GLU: blood glucose; TG:
triglyceride; CHOL: total cholesterol; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; TAO-C: total antioxidant capacity; SOD: superoxide diamutase; GSH-Px: glu-
tathione peroxidase; MDA: malondiadehyde; ACC: acetyl-CoA carboxylase α; FATP1: fatty
acid transport protein 1; HSL: hormone-sensitive lipase; ATGL: adipose triglyceride lipase.

References
1. Scollan, N.D.; Price, E.M.; Morgan, S.A.; Huws, S.A.; Shingfield, K.J. Can we improve the nutritional quality of meat? Proc. Nutr.

Soc. 2017, 76, 603–618. [CrossRef] [PubMed]
2. Guo, H.; Yang, X.; Zhou, H.; Luo, X.; Qin, P.; Li, J.; Ren, G. Comparison of nutritional composition, aroma compounds, and

biological activities of two kinds of tartary buckwheat tea. J. Food Sci. 2017, 82, 1735–1741. [CrossRef]
3. Sarker, M.S.K.; Yim, K.J.; Ko, S.Y.; Uuganbayar, D.; Kim, G.M.; Bae, I.H.; Oh, J.I.; Yee, S.T.; Yang, C.J. Green tea level on growth

performance and meat quality in finishing pigs. Pak. J. Nutr. 2010, 9, 10–14. [CrossRef]
4. Ohno, A.; Kataoka, S.; Ishii, Y.; Terasaki, T.; Kiso, M.; Okubo, M.; Yamaguchi, K.; Tateda, K. Evaluation of camellia sinensis

catechins as a swine antimicrobial feed additive that does not cause antibiotic resistance. Microbes Environ. 2013, 28, 81–86.
[CrossRef] [PubMed]

http://doi.org/10.1017/S0029665117001112
http://www.ncbi.nlm.nih.gov/pubmed/28942754
http://doi.org/10.1111/1750-3841.13772
http://doi.org/10.3923/pjn.2010.10.14
http://doi.org/10.1264/jsme2.ME12137
http://www.ncbi.nlm.nih.gov/pubmed/23138151


Animals 2021, 11, 3225 13 of 14

5. Tan, B.; Yin, Y.; Liu, Z.; Li, X.; Xu, H.; Kong, X.; Huang, R.; Tang, W.; Shinzato, I.; Smith, S.B.; et al. Dietaryl-arginine
supplementation increases muscle gain and reduces body fat mass in growing-finishing pigs. Amino Acids 2009, 37, 169–175.
[CrossRef] [PubMed]

6. Cunniff, P.A.; Washington, D. Official methods of analysis of aoac international. J. AOAC Int. 1995, 80, 127A–128A.
7. Zhong, Y.; Song, B.; Zheng, C.; Li, F.; Kong, X.; Duan, Y.; Deng, J. alpha-Ketoisocaproate and beta-hydroxy-beta-methyl butyrate

regulate fatty acid composition and lipid metabolism in skeletal muscle of growing pigs. J. Anim. Psysiol. Anim. Nutr. 2019, 103,
846–857. [CrossRef] [PubMed]

8. Duan, Y.; Zhong, Y.; Xiao, H.; Zheng, C.; Song, B.; Wang, W.; Guo, Q.; Li, Y.; Han, H.; Gao, J.; et al. Gut microbiota mediates the
protective effects of dietary b-hydroxy-b-methylbutyrate (HMB) against obesity induced by high-fat diets. FASEB J. 2019, 33,
10019–10033. [CrossRef]

9. Yan, Z.M.; Zhong, Y.Z.; Duan, Y.H.; Chen, Q.H.; Li, F.N. Antioxidant mechanism of tea polyphenols and its impact on health
benefits. Anim. Nutr. 2020, 6, 115–123. [CrossRef]

10. Byun, E.B.; Kim, W.S.; Sung, N.Y.; Byun, E.H. Epigallocatechin-3-Gallate Regulates Anti-Inflammatory Action Through 67-kDa
Laminin Receptor-Mediated Tollip Signaling Induction in Lipopolysaccharide-Stimulated Human Intestinal Epithelial Cells. Cell.
Psysiol. Biochem. 2018, 46, 2072–2081. [CrossRef]

11. Kawser Hossain, M.; Abdal Dayem, A.; Han, J.; Yin, Y.; Kim, K.; Kumar Saha, S.; Yang, G.-M.; Choi, H.Y.; Cho, S.-G. Molecular
Mechanisms of the Anti-Obesity and Anti-Diabetic Properties of Flavonoids. Int. J. Mol. Sci. 2016, 17, 569. [CrossRef]

12. Peter, B.; Saftics, A.; Kovacs, B.; Kurunczi, S.; Horvath, R. Oxidization increases the binding of EGCG to serum albumin revealed
by kinetic data from label-free optical biosensor with reference channel. Analyst 2020, 145, 588–595. [CrossRef] [PubMed]

13. Hayakawa, S.; Ohishi, T.; Miyoshi, N.; Oishi, Y.; Nakamura, Y.; Isemura, M. Anti-cancer effects of green tea epigallocatchin-3-
gallate and coffee chlorogenic acid. Molecules 2020, 25, 4553. [CrossRef]

14. Wang, J.; Tang, L.; Zhou, H.; Zhou, J.; Glenn, T.C.; Shen, C.L.; Wang, J.-S. Long-term treatment with green tea polyphenols
modifies the gut microbiome of female sprague-dawley rats. J. Nutr. Biochem. 2018, 56, 55–64. [CrossRef] [PubMed]

15. Soares, S.; Brandão, E.; Guerreiro, C.; Soares, S.; Mateus, N.; de Freitas, V. Tannins in food: Insights into the molecular perception
of astringency and bitter taste. Molecules 2020, 25, 2590. [CrossRef] [PubMed]

16. Wan, J.Y.; Long, Y.; Zhang, Y.L.; Xiang, Y.; Liu, S.Y.; Li, N.; Zhang, D.K. A novel technology to reduce astringency of tea
polyphenols extract and its mechanism. Chin. Herb. Med. 2021, 13, 421–429. [CrossRef]

17. Samanta, S. Potential Bioactive Components and Health Promotional Benefits of Tea (Camellia sinensis). J. Am. Coll. Nutr. 2020,
1–29. [CrossRef] [PubMed]

18. Wang, L.; Zeng, B.; Liu, Z.; Liao, Z.; Zhong, Q.; Gu, L.; Wei, H.; Fang, X. Green tea polyphenols modulate colonic microbiota
diversity and lipid metabolism in high-fat diet treated HFA mice. J. Food Sci. 2018, 83, 864–873. [CrossRef]

19. Zhao, Y.; Zhang, X. Interactions of tea polyphenols with intestinal microbiota and their implication for anti-obesity. J. Sci. Food
Agric. 2020, 100, 897–903. [CrossRef] [PubMed]

20. Li, Q.; Liu, Z.; Huang, J.; Luo, G.; Liang, Q.; Wang, D.; Ye, X.; Wu, C.; Wang, L.; Hu, J. Anti-obesity and hypolipidemic effects of
fuzhuan brick tea water extract in high-fat diet-induced obese rats. J. Sci. Food Agric. 2013, 93, 1310–1316. [CrossRef] [PubMed]

21. Hu, C.J.; Jiang, Q.Y.; Zhang, T.; Yin, Y.L.; Li, F.N.; Deng, J.P.; Wu, G.Y.; Kong, X.F. Dietary supplementation with arginine and
glutamic acid modifies growth performance, carcass traits, and meat quality in growing-finishing pigs. J. Anim. Sci. 2017, 95,
2680–2689. [CrossRef] [PubMed]

22. Luo, Q.; Li, N.; Zheng, Z.; Chen, L.; Mu, S.; Chen, L.; Liu, Z.; Yan, J.; Suh, C. Dietary cinnamaldehyde supplementation improves
the growth performance, oxidative stability, immune function, and meat quality in finishing pigs. Livest. Sci. 2020, 240, 104221.
[CrossRef]

23. Bejerholm, C.; Barton-Gade, P.A. Effect of intramuscular fat level on eating quality of pig meat. In Proceedings of the 32th
European Meeting of Meat Research Workers, Ghent, Belgium, 24–29 August 1986; pp. 389–391.

24. Ramasamy Kalavathy, A.N.; Jalaludin, S.; Wong, M.C.V.L.; Ho, Y.W. Effects of Lactobacillus feed supplementation on cholesterol,
fat content and fatty acid composition of the liver, muscle and carcass of broiler chickens. Anim. Res. 2006, 55, 77–82. [CrossRef]

25. Levina, G.N.; Maksimchuk, M.G.; Artyukh, V.M. Amino Acid Composition and Biological Value of Proteins in Milk of White-and-
Black Cows and their Respective Crosses with Montbeliarde. Russ. Agric. Sci. 2021, 47, 72–76. [CrossRef]

26. Wu, L.; Zhang, X.; Tang, Z.; Li, Y.; Li, T.; Xu, Q.; Zhen, J.; Huang, F.; Yang, J.; Chen, C.; et al. Low-Protein Diets Decrease Porcine
Nitrogen Excretion but with Restrictive Effects on Amino Acid Utilization. J. Agric. Food Chem. 2018, 66, 8262–8271. [CrossRef]

27. Bryan, J. Psychological effects of dietary components of tea: Caffeine and l-theanine. Nutr. Rev. 2008, 66, 82–90. [CrossRef]
[PubMed]

28. Lorenzo, J.M.; Franco, D. Fat effect on physico-chemical, microbial and textural changes through the manufactured of dry-cured
foal sausage lipolysis, proteolysis and sensory properties. Meat Sci. 2012, 92, 704–714. [CrossRef]

29. Rabie, M.A.; Peres, C.; Malcata, F.X. Evolution of amino acids and biogenic amines throughout storage in sausages made of horse,
beef and turkey meats. Meat Sci. 2014, 96, 82–87. [CrossRef]

30. Mottram, D.S. Flavour formation in meat and meat products: A review. Food Chem. 1998, 62, 415–424. [CrossRef]
31. Luchtman, D.W.; Song, C. Cognitive enhancement by omega-3 fatty acids from child-hood to old age: Findings from animal and

clinical studies. Neuropharmacology 2013, 64, 550–565. [CrossRef] [PubMed]

http://doi.org/10.1007/s00726-008-0148-0
http://www.ncbi.nlm.nih.gov/pubmed/18683021
http://doi.org/10.1111/jpn.13077
http://www.ncbi.nlm.nih.gov/pubmed/30775808
http://doi.org/10.1096/fj.201900665RR
http://doi.org/10.1016/j.aninu.2020.01.001
http://doi.org/10.1159/000489447
http://doi.org/10.3390/ijms17040569
http://doi.org/10.1039/C9AN01779H
http://www.ncbi.nlm.nih.gov/pubmed/31776529
http://doi.org/10.3390/molecules25194553
http://doi.org/10.1016/j.jnutbio.2018.01.005
http://www.ncbi.nlm.nih.gov/pubmed/29454999
http://doi.org/10.3390/molecules25112590
http://www.ncbi.nlm.nih.gov/pubmed/32498458
http://doi.org/10.1016/j.chmed.2021.05.003
http://doi.org/10.1080/07315724.2020.1827082
http://www.ncbi.nlm.nih.gov/pubmed/33216711
http://doi.org/10.1111/1750-3841.14058
http://doi.org/10.1002/jsfa.10049
http://www.ncbi.nlm.nih.gov/pubmed/31588996
http://doi.org/10.1002/jsfa.5887
http://www.ncbi.nlm.nih.gov/pubmed/23011925
http://doi.org/10.2527/jas2017.1388
http://www.ncbi.nlm.nih.gov/pubmed/28727042
http://doi.org/10.1016/j.livsci.2020.104221
http://doi.org/10.1051/animres:2005043
http://doi.org/10.3103/S1068367421010109
http://doi.org/10.1021/acs.jafc.8b03299
http://doi.org/10.1111/j.1753-4887.2007.00011.x
http://www.ncbi.nlm.nih.gov/pubmed/18254874
http://doi.org/10.1016/j.meatsci.2012.06.026
http://doi.org/10.1016/j.meatsci.2013.05.042
http://doi.org/10.1016/S0308-8146(98)00076-4
http://doi.org/10.1016/j.neuropharm.2012.07.019
http://www.ncbi.nlm.nih.gov/pubmed/22841917


Animals 2021, 11, 3225 14 of 14

32. Monteiro, J.; Leslie, M.; Moghadasian, M.H.; Arendt, B.M.; Allard, J.P.; Ma, D.W.L. The role of n-6 and n-3 polyunsaturated fatty
acids in the manifestation of the metabolic syndrome in cardiovascular disease and non-alcoholic fatty liver disease. Food Funct.
2014, 5, 426–435. [CrossRef] [PubMed]

33. Ram, S.; Narwal, S.; Gupta, O.P.; Pandey, V.; Singh, G.P. Anti-nutritional factors and bioavailability: Approaches, challenges, and
opportunities. Wheat Barley Grain Biofortification 2020, 101–128. [CrossRef]

34. Holanda, D.M.; Yiannikouris, A.; Kim, S.W. Investigation of the efficacy of a postbiotic yeast cell wall-based blend on newly-
weaned pigs under a dietary challenge of multiple mycotoxins with emphasis on deoxynivalenol. Toxins 2020, 12, 504. [CrossRef]

35. Giannini, E.; Botta, F.; Fasoli, A.; Ceppa, P.; Risso, D.; Lantieri, P.B.; Celle, G.; Testa, R. Progressive liver functional impairment is
associated with an increase in AST/ALT ratio. Dig. Dis. Sci. 1999, 44, 1249–1253. [CrossRef] [PubMed]

36. Mani, V.; Harris, A.J.; Keating, A.F.; Weber, T.E.; Dekkers, J.C.; Gabler, N.K. Intestinal integrity, endotoxin transport and
detoxification in pigs divergently selected for residual feed intake. J. Anim. Sci. 2013, 91, 2141–2150. [CrossRef]

37. Yin, B.; Lian, R.; Li, Z.; Liu, Y.; Yang, S.; Huang, Z.; Zhao, Z.; Li, Y.; Sun, C.; Lin, S.; et al. Tea Polyphenols Enhanced the
Antioxidant Capacity and Induced Hsps to Relieve Heat Stress Injury. Oxidative Med. Cell. Longev. 2021, 2021, 9615429. [CrossRef]
[PubMed]

38. Gu, S.; Song, X.; Xie, R.; Ouyang, C.; Xie, L.; Li, Q.; Su, T.; Xu, M.; Xu, T.; Huang, D.; et al. Berberine inhibits cancer cells growth
by suppressing fatty acid synthesis and biogenesis of extracellular vesicles. Life Sci. 2020, 257, 118122. [CrossRef]

39. Bolsoni-Lopes, A.; Alonso-Vale, M.I.C. Lipolysis and lipases in white adipose tissue—An update. Arch. Endocrinol. Metab. 2015,
59, 335–342. [CrossRef] [PubMed]

40. Zhong, Y.; Yan, Z.; Song, B.; Zheng, C.; Duan, Y.; Kong, X.; Deng, J.P.; Li, F. Dietary supplementation with betaine or glycine
improves the carcass trait, meat quality and lipid metabolism of finishing mini-pigs. Anim. Nutr. 2021, 7, 376–383. [CrossRef]

http://doi.org/10.1039/c3fo60551e
http://www.ncbi.nlm.nih.gov/pubmed/24496399
http://doi.org/10.1016/B978-0-12-818444-8.00004-3
http://doi.org/10.3390/toxins12080504
http://doi.org/10.1023/A:1026609231094
http://www.ncbi.nlm.nih.gov/pubmed/10389705
http://doi.org/10.2527/jas.2012-6053
http://doi.org/10.1155/2021/9615429
http://www.ncbi.nlm.nih.gov/pubmed/34413929
http://doi.org/10.1016/j.lfs.2020.118122
http://doi.org/10.1590/2359-3997000000067
http://www.ncbi.nlm.nih.gov/pubmed/26331321
http://doi.org/10.1016/j.aninu.2020.08.010

	Introduction 
	Materials and Methods 
	Preparation of Tea Powder and Its Nutritional Components 
	Animals and Experimental Treatments 
	Sample Collection 
	Assessment of Carcass Traits and Meat Quality 
	Chemical Analysis of Longissimus Dorsi Tissue 
	Serum Biochemical Indices 
	Serum Antioxidative Parameters 
	Quantitative Real-Time PCR Analysis 
	Statistical Analysis 

	Results 
	Growth Performance 
	Carcass Traits 
	Meat Quality 
	Amino Acid Profile of LD Muscle 
	Fatty Acid Profile in LD Muscle Tissue 
	Serum Biochemical Indices 
	Serum Antioxidative Parameters 
	The Relative mRNA Expression Levels of Lipid Metabolism 

	Discussion 
	Conclusions 
	References

