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Green tea has a long-standing reputation for its he
amino acids, proteins, vitamins, tannins and polyph enols, such as epicatechin, epigallocatechin,
epigallocatechin gallate and gallocatechin. This st udy evaluated the potential use of green tea by-
products in finishing pig diet. A total of 100 fini shing pigs were assigned to 5 dietary treatments wi th 4
replications for 6 weeks in a completely randomized design. The treatments were as follows: control
(basal diet), antibiotic (basal diet with 0.003% ch lortetracycline), and basal diet with 0.5, 1 or 2%
tea by-products (GTB). In this experiment, a poor w  eight gain and feed conversion ratio was observed
for the GTB-2% group when compared with the antibio  tic group. Both crude protein and crude fat
contents of the meat were inversely proportional to each other in the GTB groups and 0.5 to 1% level
differed with the antibiotic group. The slaughter w eight and shear value were higher in GTB-1 and 0.5%
group respectively, while a lower heating loss and higher tenderness were observed in the GTB-2%
group. Supplementation of the pig diet with GTB red uced the thiobarbituric acid reactive substances
values of the meat, and increased white blood cells (WBC) and red blood cells (RBC) content compare
to others. Although, spleen weight was decreased in the GTB-1 and 2% groups, spleen cells growth and,
IL-6 and TNF-a production were improved by the addition of GTB to the feed. These combined results
indicated that 0.5 to 1% GTB hold great promise to use as feed additive for finishing pigs.
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INTRODUCTION

Recent consumer scares over animal production
practices have renewed interest in using alternative
ingredients to antibiotics, particularly those from plants,
which are perceived as ‘natural’ and ‘safe’ by consumers.
However, plant extracts are in many commercial
preparations currently used in animal production, and
produce antimicrobial (Jamroz et al., 2003), antioxidant
(Cross et al, 2007), antitoxin effects (Platel and
Srinivasan, 2000); and are able to improve digestibility
(Rao et al., 2003), stimulate enzyme activity (Platel et al.,
2002) and immune functions (Ko and Yang, 2008).
Consumption of ready-made tea drinks such as green tea
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(Camellia sinensis) has increased markedly in ecent
years in Southeast and East Asia. World green tea
production was 0.968 million metric ton (MMT) in 2006
and the projected production in 2017 is 1.571 MMT
(Hicks, 2009). Consequently, the amount of tea by-

products, which are the residues of tea drink
manufacturing at beverage companies, has been
increasing.

In fact, in 2003, more than 200,000 tons of used tea
leaves were produced from all kinds of tea, of which
approximately 90,000 tons were from green tea and
40,000 tons from black tea (Kondo et al., 2005). Used
green tea leaves from factories are disposed of as
compost, dumped into landfills or burned, which causes
both an economical and environmental problem. It is
important to reuse tea wastes in livestock production to
reduce the use of artificial additives and environmental



effect. Green tea has over 200 bioactive compounds and
contains over 300 different substances (Labdar, 2010).
Numerous in vitro and in vivo studies on green tea
preparations have demonstrated the antimutagenic,
anticarcinogenic and antioxidant properties of the
polyphenolic compounds, which are mainly composed of
four types of catechin: epicatechin, epigallocatechin,
epigallocatechin gallate and gallocatechin (Yamamoto et
al., 1997). The predominant green tea component has
been shown to improve body weight gain and feed
efficiency in pig (Ko et al.,, 2008), cattle (Sarker et al.,
2010) and broiler (Biswas and Wakita, 2001).

In addition, this component maintains microflora
balance and displays antimicrobial effects against
pathogenic bacteria (Hara-Kudo et al., 2005). It has been
shown that green tea polyphenols have strong
antioxidation properties (Nishida et al., 2006). It reduces
thiobarbituric acid reactive substances (TBARS) values
and maintain oxodative stability of pig meat (Ko et al.,
2008), broiler meat (Yang et al.,, 2003) and egg yolk
(Uuganbayar et al., 2005). Yang et al. (2003) reported
that cholesterol levels were decreased and fatty acids of
plasma and meat were improved, when the animals were
fed different levels of green tea by-products (GTB).
Supplementation of GTB and green tea with probiotics
has no negative effect on the blood components of beef
cattle and calves (Lee, 2005; Sarker et al., 2010). Ko and
Yang (2008) found that adding 0.5% GTB in the finishing
diet produced positive effects on the humoral and cell-
mediated immunity of pigs.

In the present study, we evaluated the activity of GTB
to determine the specific effects of this component on
growth performance, carcass characteristics, meat quality,
blood parameters and immune response in finishing pigs
and also to determine the effective level in finishing pig
diet.

MATERIALS AND METHODS
Animals, diets and experimental design

A total of 100 crossbreed (Landrace x Large White) castrated male
finishing pigs with an average body weight of 77 + 0.4 kg were
assigned to 5 dietary treatments in a completely randomized design.
Each treatment had 4 replications with 5 pigs per replication. The
pigs were reared in the experimental farm at Sunchon National
University following the guidelines for the care and use of animals
in research (Korean Ministry for Food, Agriculture, Forestry and
Fisheries, 2008). All animals were fed experimental diets for 6
weeks.

The five dietary treatments were as follows: control (basal diet),
antibiotic (basal diet with 0.003% chlortetracycline) and basal diet
with 0.5, 1 and 2% GTB. Used green tea, residues from green tea
drink manufacturing were collected from the green tea experimental
station (Boseong, South Korea), dried, grounded and used for
experiment. GTB was analyzed and the main constituents of were
found as moisture 10.15%, crude protein 20.16%, crude fat 3.08%,
crude fiber 19.20%, crude ash 5.22% and catechins 7.17%. All diets
were formulated to meet or exceed nutrient requirements of
finishing pigs (NRC, 1998). The formula and chemical composition
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of the basal diet used in this experiment are provided in Table 1.

Measurements and analysis

Growth performance, carcass characteristics and oxid ative
stability of meat

Body weights were measured on a biweekly basis from the
beginning to the end of the experiment. Feed intake was
determined by measuring feed residue on a biweekly basis from the
start of the experiment. Feed conversion ratio (FCR) was obtained
by dividing the feed intake by body weight gain. At the end of the
experiment, pigs were transported to the slaughter house (Naju,
Korea). Carcass weight and back fat thickness were measured, and
carcass grade were determined according to Animal Products
Grade System (Korea Institute for Animal Products Quality
Evaluation, 2011). All the pork carcasses in South Korea are
graded both in quality and conformation terms. The quality of pork
carcasses is graded 1%, 1 and 2 based on the marbling, lean color
and conditions of belly streaks. The conformation terms of pork
carcasses is graded A, B and C by assessing carcass weight, back
fat thickness, balance, muscle, fat condition and so on. Carcass
grades in this study were expressed as 3 (extremely good), 2
(good) and 1 (bad) in A, B and C grades of conformation terms. The
thiobarbituric acid reactive substances (TBARS) value of pork was
assayed using the methods described by Vernon et al. (1970) with
slight modifications. Four gram of loin meat mixture was blended at
full speed for 1.5 min with 10 ml of solution containing 20%
trichloroacetic acid in 2 M phosphoric acid. The resulting sediment
was transferred to 100 ml volumetric flask containing 8 ml distilled
water and diluted by shaking and homogenized. The mixture was
filtrated through Whatman No. 1 filter paper. Then 5 ml filtrate was
transferred to a 20 ml test tube and 5 ml of 2-thiobarbituric acid
(0.005 M in distilled water) was added. The solution was shaken in
a water bath at 80C for 30 min. After cooling, the color
development was measured at 530 nm wusing a VIS-
Spectrophotometer (Model 20D*, Milton Roy, PA, USA).
Thiobarbituric acid reactive substances (TBARS) values were
expressed as micromole of malondialdehyde per hundred gram of
meat.

Meat composition, quality and sensory evaluation

Moisture, crude protein, crude fat, and ash percentage of the meat
samples were analyzed according to Association of Analytical
Communities (AOAC, 2000) methods. Color values on a freshly cut
surface (3 cm thick slice) of loin meat were measured using a CR-
301 Chroma Meter (Minolta Co., Osaka, Japan) for International
Commission on lllumination (CIE) standard of lightness (L), redness
(a) and yellowness (b). Muscle pH values were determined using a
pH meter (ATl 370, Orion Research Inc, MA, USA). The meat
samples were broiled in a water bath at a temperature of 70C for
30 min, surface dried, and weighed. Cooking loss was determined
by expressing the cooked sample (B) weight as a percentage of the
precooked sample (A) weight. Cooking loss (%) = [(A-B)/A] x 100.
Water holding capacity was determined according to the procedure
described by Wardlaw et al. (1973). Shear force was measured
using the Instron Universal Testing Machine (Model 4465, Instron
Corp., Norwood, MA, USA), which was equipped with a Warner-
Bratzler shear device. From each cooked meat sample, a 0.5 x 4.0
cm (approximately 2.0 cm?) cross section was cut for shear force
measurements. The meat samples were placed at right angles to
the blade. The crosshead speed was 100 mm/min and the full scale
load was 50 kg. Sensor evaluation of pork meat was
organoleptically evaluated by ten trained judges from the
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Table 1. Ingredients and chemical composition of the basal diet.

Ingredients (%, as-fed basis) Amount

Corn 44.65
Wheat 25.00
Wheat bran 4.00
Soybean meal 13.50
Lupin seeds 3.00
Limestone 0.77
Tricalcium phosphate 1.10
Salt 0.25
Vitamin-mineral premix1 0.56
Animal fat 2.50
Molasses 4.50
L-lysine 0.17
Chemical composition (% dry matter)

Crude protein 15.00
Calcium 0.78
Available phosphorus 0.55
Lysine 0.80
Methionine 0.27
Metabolisable energy (kcal/kg) 3160

'Provided the following nutrients per kg of diet: vitamin A, 6000IU;
vitamin D3, 800IU; vitamin E, 20IU; vitamin K3, 2 mg; thiamin, 2 mg;
riboflavin, 4 mg; vitamin B6, 2 mg; vitamin B12, 1 mg; pantothenic
acid, 11 mg; niacin, 10 mg; biotin, 0.02 mg; Cu, 21 mg; Fe, 100 mg;

Zn, 60 mg; Mn, 90 mg; I, 1.0 mg; Co, 0.3 mg; Se, 0.3 mg.

Department of Animal Science and Technology at Sunchon National
University on the three point hedonic scale for juiciness, tenderness
and flavor.

Biochemical and hematological parameters of blood

Blood samples were collected from the jugular vein of the pigs by
venipuncture on the last experimental day, 3 h after feeding. To
analyze the biochemical composition of plasma, blood samples
were separated by centrifuging for 20 min at 1500 (x g) and were
total  protein, cholesterol, glucose, albumin,  globulin,
albumin/globulin  (A/G) and blood wurea nitrogen (BUN)
concentrations were measured using a blood analyzer (COBAS
MIRA: Roche, Germany). Number of white blood cell (WBC,
10°mm?®), red blood cell (RBC, 10%mm® and hemoglobin
concentration (g/dl) were determined using a hematological
analyzer (XE-2100, Automated Hematology Analyzer, Sysmex
America, Inc.) within 3 h after blood sampling.

Spleen cells culture and proliferation

The immune response of pig spleen cells was analyzed at the end
of the experiment. At one third areas of the spleens of pigs, a 1 cm®
tissue sample was extracted and split into single cell on bovine
serum medium (RPMI-1640). Next, NycoPrep™ 1.077A was used
to remove the dead cells and red blood cells. Spleen cells were
cultured in RPMI 1640 medium supplemented with 10% (v/v) fetal
calf serum, 2 mM I-glutamine, 100 units/ml penicillin and 100 pg/mi

streptomycin, 1% (v/v) nonessential amino acids, and 0.05 mM 2-
mercaptoethanol (Gibco Paisley, UK) at 37<C, 5% CO , condition.
Viable cells were counted in a hemocytometer by trypan blue
exclusion.Triplicate cultures were performed in 96-well flat-
bottomed tissue culture plates (Costar, Cambridge, MA, USA) in a
final volume of 200 pl per well containing 5 x 10° cells in the
presence of different concentrations of LPS (lipopolysaccharide; 1.0,
3.0 and 10 pg/ml-Sigma-Aldrich, Saint Louis, MO, USA) or Con A
(concanavalin A; 0.1, 0.3 and 1.0 pg/ml-Sigma-Aldrich, Saint Louis,
MO, USA). Cultures were then incubated for 3 days at 37C, 5%
CO,. Cell proliferation was examined by MTS assay using the
Celltiter 96® AQueous One solution Cell Proliferation Assay Kit
(Promega, Madison, WI, USA) following the manufacturer's
instruction. The optical densities were measured in a microplate
reader (Optimax, Molecular Devices, USA) at a wavelength of 490
nm. Absorbance was corrected by a prepared triplicate set of
control wells (without cells) containing the same volumes of culture
medium and CellTiter 96° AQueous One Solution Reagent, as in the
experimental wells. We subtracted the average 490 nm absorbance,
from the “no cell” control wells, from all other absorbance values to
yield corrected absorbances.

T cell subsets analysis

Spleen lymphocytes (1 x 10° cells/ml) were stained with fluoresein
isothiocyanate (FITC)-labeled anti-mouse CD3 and phycoerythrin
(PE)-labeled anti-mouse CD4" monoclonal antibodies for helper
(CD3*, CD4") T cells, or fluoresein isothiocyanate (FITC)-labeled
anti-mouse CD3 and fluoresein isothiocyanate (FITC)-labeled
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Table 2. Effects of dietary green tea by-products (GTB) on growth performances of finishing pigs.

Parameter Control Antibiotic GTB-0.5% GTB-1.0% GTB-2.0%
Average initial weight (kg/pig) 7720 + 061 77.60+0.69 77.47 £0.47 76.87 +0.71 77.07 £0.24
Average final weight (kg/pig) 113.33%+0.77 116.50°+0.29 111.87*+2.07 112.80°+1.47 111.07°+1.75
Average weight gain (kg/pig) 36.13%+1.37 38.90°+0.98 34.40°+1.60 3593®+129 34.00°+1.51
Average feed intake (kg/pig) 131.67°+8.82 47.50°+1.44 135.00°+7.64 140.00*+7.69 158.20%+0.92
Feed conversion ratio (feed/gain)  3.64°+0.13 3.80°+0.06 3.92°+0.05 3.89°+0.08 4.67°+0.20

aPMeans with different superscripts within same row are significantly different (P < 0.05). Data are presented as the mean + SE.

anti-mouse CD8" monoclonal antibodies for cytotoxic (CD3",
CD8") T cells (Phar Mingen, San Diego, CA, USA) for 30 min at 4C.
The lymphocytes were collected by centrifugation at 160 xg for 5
min and rinsed three times with PBS containing 10% FBS. The
washed lymphocytes were fixed with 2% paraformaldehyde, and
approximately 1 x 10 cells were analyzed using a Coulter Epics XL
Flow Cytometer (Beckman Coulter, Inc. CA, USA).

Cytokines (IL-6 and TNF- a) analysis

Splenocytes (5 x 10° cells/ml) were cultured in 96-well flat-bottomed
tissue culture plates in a final volume of 200 ul per well containing
RPMI 1640 medium supplemented with 10% (v/v) fetal calf serum,
2 mM L-glutamine, 100 units/ml penicillin and 100 pg/ml
streptomycin, 1% (v/v) nonessential amino acids, and 0.05 mM 2-
mercaptoethanol, and stimulated with LPS (10 pg/ml) or Con A (1.0
png/ml) for 24 h. The cell culture supernatants were collected, stored
at -20<C. The cell culture supernatants were assayed for IL-6 and
TNF-a, using the Porcine IL-6 Quantikine ELISA kit (Cat. No.
P6000) and Porcine TNF-a Quantikine ELISA Kit (Cat. No. PTAQ0)
according to the manufacturer's instructions (R&D Systems,
Minneapolis, MN, USA). Optical density of each well was measured
within 30 min, using a microplate reader (Optimax, Molecular

Devices, USA) set to 450 nm (correction wavelength set at 570 nm).

Each experiment was run in duplicate and the results represent
means of three repeat experiments.

Statistical analysis

Data were analyzed using the general linear models of SAS (2003)
to estimate variance components with a completely randomized
design. Duncan’s multiple comparison tests were used to examine
significant differences among the treatment means. The level of
significance was set at P < 0.05. Data are presented as mean
values + SE.

RESULTS

Growth performance, carcass characteristics and
meat quality

Body weight, weight gain, feed intake and feed
conversion ratio of different dietary groups are given in
Table 2. The initial body weight did not differ significantly
but the final body weight and body weight gain

were lower (P < 0.05) in the GTB-2% group when
compared to the antibiotic group. GTB-2% group
exhibited a higher feed intake relative to GTB-0.5% and
the control group and the FCR was also low when
comparing to the other groups (P < 0.05). Different levels
of GTB affect the proximate composition of loin meat
(Table 3). When pigs were fed a diet containing GTB-2%,
the crude fat decreased to the same level as the
antibiotic group (P < 0.05). The GTB 0.5% group had a
lower crude protein content, which was followed by the
GTB-1% group (P < 0.05); however, higher value (GTB-
2%) was not different than the antibiotic group.

Table 4 shows that the pigs in control group had a
higher (P < 0.05) slaughter weight than the GTB-0.5 and
2% groups. There were no significant differences (P >
0.05) in back fat thickness, carcass grade, water holding
capacity and pH among the groups; however, the shear
value was higher in the GTB-0.5% group relative to the
other GTB groups and the heating loss was lower in the
GTB-2% group when compare to the others groups (P <
0.05). No differences in meat color, juiciness and flavor
were observed due to supplementation with GTB,
although the tenderness was lower in GTB-0.5% group
(P <0.05).

Biochemical and hematological parameters of blood
and oxidative stability of meat

The effects of green tea by-products on the biochemical
and hematological parameters of finishing pigs are
presented in Table 5. There were no significant
differences in total cholesterol, glucose, total protein,
albumin, globulin, albumin/globulin (A/G) ratio, BUN and
hemoglobin contents of the blood when the diets
contained 0.5 to 2% of GTB. Although no significant
differences were observed, the cholesterol level tended
to decreased (P > 0.05) with an increase in the GTB
content. WBC and RBC were increased (P < 0.05) at the
highest GTB concentration (2%). TBARS values for the
different treatment groups at different weeks are
presented in Figure 1.

Significant differences (P < 0.05) were observed
among treatments except fresh, 4th week and average
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Table 3. Effects of dietary green tea by-products (GTB) on loin meat composition of finishing pigs.

Parameter (%) Control Antibiotic GTB-0.5% GTB-1.0% GTB-2.0%
Moisture 72.95 +0.62 71.45 +0.62 72.27 £1.00 72.19 £0.42 73.53 £ 0.44
Crude ash 1.21 +0.03 1.13 £0.02 0.93 +0.05 1.14 +0.10 0.94 +0.16
Crude fat 2.10°+0.35 2.66°+0.28 4.21*+0.19 3.87%+0.20 2.19°+0.34
Crude protein ~ 23.04%+0.34  23.49%°+0.61 21.12°+0.23  22.05°+0.38  23.27*+054

abeMeans with different superscripts within same row are significantly different (P < 0.05). Data are presented as the

mean + SE.

Table 4. Effects of dietary green tea by-products (GTB) on carcass characters and meat quality in finishing pigs.

Parameter * Control Antibiotic GTB-0.5% GTB-1.0% GTB-2.0%
Slaughter wt (kg/pig) ~ 93.60%+2.32 92.00%+1.73 85.17°+2.85 91.33%+1.43  87.17°+0.79
Back fat (mm) 19.60 +0.68 23.83+1.08 21.83+2.02 22.17 +1.82 21.17 £1.30
Carcass grade 1.80 +0.49 2.33+0.33 2.67+0.21 2.33+0.42 2.67+0.21
Shear value (kg) 3.14%+0.12 3.14*°+0.10 3.38%+0.19 2.97°+0.05 2.86°+0.07
Heating loss (%) 33.50%+0.66 34.25%+0.52 32.58%+0.75 32.55%+0.26 30.74°+0.37
WHC (%) 57.34 +0.82 57.29 +0.16 56.83 +1.03 56.96 +0.55 57.91 +0.60
pH 5.78 +0.09 5.61 +0.01 5.66 + 0.04 5.64 +0.05 5.64 +0.07
Meat color

CIEL 51.54+1.10 54.24 +0.76 52.69 +3.18 54.55 +1.23 50.43+1.81
CEa 9.62 +0.54 9.98+0.51 9.40 +1.19 9.32+0.33 9.30+0.35
CIEb 5.62 +0.68 6.47 +0.66 5.58 +0.94 6.50 + 0.30 5.65 +0.90
Juiciness 3.73+0.23 4.00 +0.12 3.80+0.35 4.35 +0.22 4.08 +0.05
Tenderness 4.38%+0.15 4.28%+0.17 3.70°+0.34 4.35%+0.05 4.48%+0.13
Flavor 4.20 +0.12 4.05 +0.10 4.28+0.18 4.25+0.17 4.35 +0.05

abe\eans with different superscripts within same row are significantly different (P < 0.05). Data are presented as the mean + SE.
The carcass grades were assessed on three points: 3, extremely good; 2, good; and 1, bad. WHC = water holding capacity; CIE
= international commission on illumination; L = lightness; a = redness; b = yellowness.

values. These results demonstrated the consistency in
the decrease of these values when higher levels of GTB
were added. The antibiotic supplemented group showed
a higher TBARS content in the 2nd week, whereas the
TBARS content was higher in the control group during
the 1st and 3rd week.

Spleen cells growth and cytokines production

Table 6 shows the immunity of spleen cells obtained from
finishing pigs. When higher levels (1 to 2%) of GTB were
added to the diet, the spleen weight was lower than the
control group (P < 0.05). Production of helper and
cytotoxic T cells among the dietary groups were not
significant (P > 0.05), although higher values were seen
in the GTB-0.5% and 1% group. As the dose of Con A
and LPS increased, cytokine secretion from spleen cells
increased. In both media, supplemented groups showed
a higher value compare to the control group (P < 0.05).
IL-6 and TNF-a production from spleen cells stimulated

by LPS and Con A were positively influenced by dietary
levels of GTB (Figure 2). When stimulated with 1.0 pug/ml
Con A, IL-6 production was significantly increased in the
GTB-1% group relative to the antibiotic and control group
(P < 0.05), while IL-6 production by spleen cells with LPS
(10.0 pg/ml) was higher in the GTB-2% group when
compared to the GTB-0.5% and control group (P < 0.05).
Data obtained from this experiment showed that TNF-a
production from spleen cells treated with 1.0 pg/ml Con A
and 10.0 pg/ml LPS were significantly higher for the GTB-
1% and GTB-0.5% group, respectively, when compare to
the antibiotic and control group (P < 0.05).

DISCUSSION

Body weights are commonly used for monitoring the
nutritional status and growth of animals (Ndlovu et al.,
2007). The different levels of green tea-by products in the
experimental diets affected weight gain of the pigs. This
result was supported by Yang et al. (2003) and Sayama
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Table 5. Effects of dietary green tea by-products (GTB) on blood biochemical and hematological parameters in

finishing pigs.
Parameter * Control Antibiotic GTB-0.5% GTB-1.0% GTB-2.0%
Glucose (mg/dl) 52.10 +5.60 55.90 + 3.63 60.70 +5.81 55.60 £ 7.52 65.20 +5.93
Cholesterol (mg/dl) 130.80+5.37 123.00+3.09 128.70+5.45 123.30+6.47 121.30+5.96
Total protein (g/dl) 7.18 +0.20 7.49 £0.15 7.39+0.22 7.34+0.16 7.30+£0.25
Albumin (g/dl) 3.03+0.17 3.25+0.06 3.18+£0.13 3.10+£0.08 3.02+0.13
Globulin (g/dl) 4.15+0.11 4.24+0.11 4.21+0.12 4.24 +0.10 4.28 +0.16
AIG 0.74 £0.05 0.77 £0.02 0.76 £0.03 0.73+0.02 0.71+0.03
BUN (mg/dl) 17.70+1.16 20.30£0.82 18.30 + 0.68 18.80+1.11 18.50 +0.92
WBC (10°/mm?) 18.85°+0.46  1857°+0.55 20.45®+0.35 20.49%°+0.73  20.87%+0.67
RBC (10% mm?) 6.75°+0.20 6.70°+0.17  6.94%+0.047 7.21%+0.37  7.52%+0.15
Hemoglobin (g/dl) 13.03+0.19 13.08 +0.32 13.43+0.15 13.68 +0.94 13.58 +0.25

ab,c

Means with different superscripts within same row are significantly different (P < 0.05). Data are presented as the mean +

SE.'A/G = albumin/globulin; BUN = blood urea nitrogen; WBC = white blood cell; RBC = red blood cell.

O Control [ Antibiotic GTB-0.5% E GTB-1% B GTB-2%

10

MDA (umol/100g meat)

I

Fresh

1st week 2nd week 3rd week 4th week Average

Preservation time

Figure 1. Effects of dietary green tea by-products (GTB) on thiobarbituric acid reactive
substances (TBARS) values in loin meat. TBARS values were expressed as micromole of
malondialdehyde (MDA) per 100 g of meat. Data are presented as the mean + SE. Bars within
a time class not sharing a common letter are significantly different (P < 0.05).

et al. (2000), who found that higher levels of green tea
and body weight gain were negatively related in broilers
and rats. In contrast, Ko et al. (2008) found no significant
differences in the weight gain of finishing pigs when their
diet contained GTB. In addition, Sarker et al. (2010)
found a positive relationship in green tea probiotics when
fed to weaning calves. In our experiment, feed intake and
FCR were not affected up to 1% GTB. Ko and Yang
(2008) and Shomali et al. (2011) found no significant
differences in feed intake and FCR in pigs and broilers
but Biswas and Wakita (2001) reported a lower feed
intake and better FCR when 1% green tea powder was

added to the feed for broilers. In general, the body weight
gain and FCR tended to decrease with the addition of
GTB. This was probably due to the high tannin content,
which interferes with protein and starch digestion, and
high fiber content of GTB. Some studies have reported
that the catechin contents of green tea, mainly
epicgallocatechin gallete, could inhibit digestive lipase
activity and affect the lipid metabolism of animals
(Sayama et al.,, 2000; Weisburger, 2001). Both crude
protein and crude fat contents of meat were inversely
proportional to each other, indicating that if the crude fat
content was high then the crude protein content was low
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Table 6. Effects of dietary green tea by-products (GTB) on spleen cell related immunity in finishing pigs.

Parameter Control Antibiotic GTB-0.5% GTB-1.0% GTB-2.0%
Spleen weight (g) 181.50% +24.02 145.75® +20.0  140.17* +20.01 132.42° +5.42 132.50° +9.38
Helper cell (%) 13.23 +0.87 12.88 +2.13 12.95 +0.74 13.12 +1.34 10.23 +1.38
Cytotoxic cell (%) 25.73+2.18 23.63+3.21 26.93 +1.56 26.33 +2.66 21.75 +2.05
Growth of spleen cells stimulated with concanavalin A(Con A)

Con A-0.1 (pg/ml) 0.59" +0.01 0.92% +0.02 0.87%+0.04 0.90% +0.09 1.01%+0.10
Con A-0.3 pg/ml) 0.66+0.01 0.94° +0.02 0.88°+0.05 1.09% +0.07 1.03% +0.05
Con A-1.0 pg/ml) 0.81°+0.01 1.00% +0.04 0.95% +0.05 1.10% +0.09 1.00 +0.04
Growth of spleen cells stimulated with lipopolysacc haride (LPS)

LPS-1.0 pg/ml) 0.56° +0.02 0.74% +0.04 0.79% +0.06 0.85% +0.09 0.84% +0.07
LPS-3.0 ( pg/ml) 0.68° +0.02 0.86* +0.02 0.85% +0.06 1.01%+0.09 1.02%+0.09
LPS-10.0 (ug/ml) 0.79° £0.01 0.95° +0.01 1.01%° +0.08 1.02% £0.09 1.26% £0.15

ab,cd

Means with different superscripts within same row are significantly different (P < 0.05). Data are presented as the mean + SE.
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Figure 2. Effects of dietary green tea by-products (GTB) on IL-6 and TNF-a production by
spleen cells in concanavalin A (Con A) and lipopolysaccharide (LPS) medium. Data are
presented as the mean + SE. Bars within a con A or LPS concentration not sharing a
common letter are significantly different (P < 0.05).

(Davis et al.,, 1975). Ko and Yang (2008) observed the
same phenomena when using green tea probiotics in the
diet of finishing pigs. In this study, a similar result was
observed for the GTB groups. Some researchers
reported that the pigments included in the diets affect the
color of meat and fat (Kim et al., 2006; Lee et al., 2009).
It was believed that the yellowness of the meat and back
fat increased when GTB was added to the diet since the
pigments of GTB percolated through the meat. Lee
(2005) reported that the addition of 0.02% green tea to
the diet had no effects on back fat, carcass grade and
meat color of the beef cattle. However, the addition of 2%
green tea to the diet increased the yellowness and

redness of the egg yolk (Uuganbayar et al., 2005). Jin et
al. (2003) and Kim (2000) reported that the aroma, flavor,
juiciness and overall acceptability of meat were affected
by the ingredients of diets. Lee et al. (2009) also reported
a positive effect of adding Eucommia ulmoides leaf to the
diet in the sensory evaluation of meat. Although slaughter
weight was some different, a positive effect on sensory
evaluation and overall meat quality will be achieved by
incorporation of GTB into the diet.

Biswas and Wakita (2001) and Kondo et al. (2004)
observed a significant decrease in the serum cholesterol
contents in broiler and lactating cow when broiler diets
contained 0.5 to 1.5% green tea powder and 5% of GTB



in cow diet, which is similar to the results of this study.
Green tea polyphenolics may favor the slow digestion of
carbohydrates, which prevents sharp spikes of insulin in
the blood and favors fat-burning over fat-storage (Zink,
2011). We observed no differences in the plasma
biochemical composition with the addition of GTB, but
some improvements in hematological parameters were
observed. Lee (2005) found that supplementation of
0.02% GTB had no effect on the blood components in
beef cattle. In contrast, Lee et al. (2009) found improve
hematological and plasma biochemical parameters in
pigs fed E. ulmoides leaves. However, Sarker et al.
(2010) also found no significant differences among green
tea probiotic and others group in regards to WBC, RBC
albumin, globulin and A/G in pre and post weaning calves
except albumin in the post-weaning period.

There is increasing interest in using the antioxidant
compounds found in herbs and spices because they
improve the flavor of food, retard the oxidative
degradation of lipids and play an important role in the
prevention of diseases (Achinewhu et al., 1995; Nakatani,
2000). Green tea studies showed that green tea extracts
displayed a dose-dependent inhibitory activity against
end stage of lipid peroxide decomposition product
formation, and early lipid oxidation (Pearson et al., 1998;
Yamane et al., 1999). Epigallocatechin gallate has been
found to be over 100 times more effective in neutralizing
free radicals than vitamin C and 25 times more powerful
than vitamin E (Harold and Graham, 1992). It also has
other antioxidants, such as butylated hydroxyanisole,
butylated hydroxytoluene and resveratol. Ko et al. (2008)
and Ko and Yang (2008) reported that meat obtained
from pigs fed diets containing GTB and green tea
probiotics had lower TBARS values, which was similar to
the results observed in this study. Decreases in TBARS
values were also found in broiler when the GTB content
was increased from 0.5 to 1% level (Yang et al., 2003).

The spleen contains lymphocytes (mainly T cells and B
cells) and macrophages, which engulf and destroy
bacteria, dead tissue and foreign matter, and remove
them from the blood passing through the spleen
(Ezekowitz and Hoffman, 1998). Sayama et al. (2000)
reported that 2% green tea supplementation to the rat
diet depressed the spleen weight of the rats. The data
obtained from current study showed that 0.5 to 2% GTB
supplementation had an effect on spleen weight of
finishing pigs. Pigs like other species contain CD4" and
CD8" T lymphocytes in their peripheral blood and
secondary lymphoid organs. These cells have been
shown to express CD3 (Yang and Parkhouse, 1998) and
have helper and cytolytic functions, respectively (Martins
et al., 1993). However, unlike humans and mice, swine
also have a prominent CD4" and CDS8" lymphocyte
population, comprising between 8 and 64% of the cir-
culating pool of small resting T-lymphocytes (Zuckermann
and Husmann, 1996). Helper and cytotoxic cells were
numerically increased by the addition of 0.5 to 1% GTB in
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this study. The role of green tea components in improving
cell-mediated and humoral immunity was previously
investigated (Chae et al., 2004; Shin et al., 2004). Con A
and LPS were shown to induce mitosis in T cells and B
cells of many different specificities or colonial organ
(Tanaka et al., 2005; Arens et al., 2004). Therefore, the
growth reaction of spleen cells was checked by
stimulating T cells with Con A and B cells with LPS, which
specifically proliferates only T cells and B cells among the
spleen cells. This experiment demonstrated that addition
of GTB had a positive effect on humoral and cell-
mediated immunity. Spleen cells secrete several types of
cytokines in response to stimulation with Con A or LPS,
which can be used to classify the immune response. One
of the most important functions of IL-6 and TNF-a is the
initiation of a response known as the acute-phase
response. This involves a shift in the proteins secreted by
the liver into the blood plasma and results from the action
of IL-6 and TNF-a on hepatocytes (Kawai et al., 2004).
The result of this experiment is an agreement with
previous studies (Ko et al., 2008; Ko and Yang, 2008),
who reported that the amount of IL-6 and TNF-a
production by spleen cells increased when finishing pigs
were fed diets containing GTB and green tea probiotics. It
can be assumed that the bioactive components of green
tea are responsible for these outcomes.

Conclusions

Based on the observations of this study, the addition of
different GTB levels had an effect on some tested
parameters. Growth performances were negatively and
carcass composition was positively, affected at higher
GTB concentrations (2%). Carcass characters, meat
quality and hematological parameters did not consistently
change with GTB concentration. Strong antioxidative
activities were observed in the GTB groups. Our results
also indicate that the addition of GTB to the diets of
finishing pigs increases immune related cells, and
enhances II-6 and TNF-a production. Future studies are
needed to elucidate the mechanisms for potentially
enhanced immunity and to investigate its antimicrobial
effect in challenged pigs.

ACKNOWLEDGEMENT

The authors would like to thank the Agricultural R and D
Promotion Center (ARPC) of the Korea Rural Economic
Institute (KREI) for their financial assistance (project no:
1380003137).

REFERENCES

Achinewhu SG, Ogbonna C, Hard AD (1995). Chemical composition of
indigenous wild herbs, spices fruits, nuts and leafy vegetables used as
food. Plants Food Hum. Nutr. Kluwer Publishers, Netherlands, 48:
341-388.



2466 J. Med. Plants Res.

AOAC (2000). Official methods of analysis, 17th ed. Association of
Official Analytical Chemists, Arlington VA, USA.

Arens R, Nolte MA, Tesselaar K, Heemskerk B, Reedquist KA, Van Lier
RA, Van Oers MH (2004). Signaling through CD70 regulates B cell
activation and IgG production. J. Immunol., 173: 3901-3908.

Biswas MAH, Wakita M (2001). Effect of dietary Japanese green tea
powder supplementation on feed utilization and carcass profiles in
broilers. J. Poult. Sci., 38: 50-57.

Chae SY, Shin SH, Bae MJ, Park MH, Song MK, Hwang SJ, Yee ST
(2004). Effect of arabinoxylane and PSP on activation of immune
cells. J. Korean Soc. Food Sci. Nutr., 33: 278-286.

Cross DE, Mcdevitt RM, Hillman K, Acamovic T (2007). The effect of
herbs and their associated essential oils on performance, dietary
digestibility and gut microflora in chickens from 7 to 28 days of age.
Br. Poult. Sci., 48: 496-506.

Davis GW, Smith GC, Capenter ZL, Cross HR (1975). Relationships of
quality indicators to palatability attributes of pork loins. J. Anim. Sci.,
41: 1305.

Ezekowitz RAB, Hoffmann J (1998). Innate immunity: the blossoming of
innate immunity. Curr. Opin. Immunol., 10: 9-11.

Hara-Kudo Y, Yamasaki A, Sasaki M, Okubo T, Minai Y, Haga M,
Kondo K, Sugita-Konishi Y (2005). Antibacterial action on pathogenic
bacterial spore by green tea catechins. J. Sci. Food Agric., 85: 2354-
2361.

Harold N, Graham PD (1992). Green tea composition, consumption and
polyphenol chemistry. J. Prevent. Med. Hyg., 21: 334-350.

Hicks A (2009). Current status and future development of global tea
production and tea products. A.U. J. Technol., 12(4): 251-264.

Jamroz D, Orda J, Kamel C, Wiliczkiewicz A, Wertelecki T, Skorupinska
J (2003). The influence of phytogenic extracts on performance,
nutrient digestibility, carcass characteristics, and gut microbial status
in broiler chickens. J. Anim. Feed Sci., 12: 583-596.

Jin SK, Kim IS, Song YM, Lee SD, Hah KH, Kim HY, Nam KY Jang AR
(2003). Effects of dietary biotite powder on physico-chemical
characteristics of pork. J. Anim. Sci. Technol., 45: 499-508.

Kawai K, Tsuno NH, Kitayams J, Okaji Y, Yazawa K, Asakage M, Sasaki
S, Watanabe T, Takahashi K, Nagawa H (2004). Epigallocatechin
gallete attenuates adhesion and migration of CD8" T cells by binding
to CD11b. J. Allergy Clinic. Immunol., 113: 1211-1217.

Kim HY (2000). Hypocholesterolemic and hypotensive activities of
Eucommia ulmoides oliver. Food Ind. Nutr., 5: 27-28.

Kim HY, Song YM, Jin SK, Kim IS, Kang YS, Lee SD, Chowdappa R,
Ha JH, Kang SM (2006). The effect of change in meat quality
parameters on pig Longissimus dorsi muscle by the addition of
fermented persimmon shell diet. Asian-Aust. J. Anim. Sci. 19: 286-
291.

Ko SY, Yang CJ (2008). Effect of green tea probiotics on the growth
performance, meat quality and immune response in finishing pigs.
Asian-Aust. J. Anim. Sci., 21: 1339-1347.

Ko SY, Bae IH, Yee ST, Lee SS, Uuganbayar D, Oh JI, Yang CJ (2008).
Comparison of the effect of green tea by-product and green tea
probiotics on the growth performance, meat quality, and immune
response of finishing pigs. Asian-Aust. J. Anim. Sci., 21: 1486—1494.

Kondo M, Hidaka M, Kita K, Yokota H (2005). Ensiled green tea and
black tea waste as protein supplement for goats. Seminar at the 11th
FAO-CIHEAM Sub-Network on Sheep and Goat Nutrition, The
University of Catania, Italy, p. 55.

Kondo M, Nakano M, Kaneko A, Agata H, Kita K, Yokota H (2004).
Ensiled green tea waste as partial replacement for soybean meal and
alfalfa hay in lactating cows. Asian-Austral. J. Anim. Sci., 17: 960-966.

Korean Ministry for Food, Agriculture, Forestry, Fisheries (2008).
Guidelines for the Care and Use of Animals in Research. Korean
Ministry for Food, Agriculture, Forestry and Fisheries, Seoul, Korea.

Korea Institute for Animal Products Quality Evaluation (2011). Animal
Products Grade System. Korea Institute for Animal Products Quality
Evaluation, Gunpo, Korea. Available at:
http://www.ekape.or.kr/iview/eng/system/pork.asp.

Labdar S (2010). Green tea-healthy or unhealthy? Available at:
http://www.articles  base.com/nutrition-articles/green-tea-healthy-or-
unhealthy-3813575.html.

Lee SD, Kim HY, Song YM, Jung HJ, Ji SY, Jang HD, Ryu JW, Park JC,
Moon HK, Kim IC (2009). The effect of Eucommia ulmoides leaf

supplementation on the growth performance, blood and meat quality
parameters in growing and finishing pigs. Anim. Sci. J., 80: 41-45.

Lee SG (2005). Effect of dietary green tea by-product on productivity in
Korean beef cattle. MS Thesis, Sunchon National University. South
Korea, p. 473.

Martins CLV, Lawman MJP, Scholl T, Mebus CA, Lunney JK (1993).
African swine virus specific porcine cytotoxic T cell activity. Arch.
Virol., 129: 211-225.

Nakatani N (2000). Phenolic antioxidants from herbs and spices.
Biofactors, 13: 141-146.

Nishida T, Eruden B, Hosoda K, Nakagawa K, Miyazawa T, Shioya S
(2006). Effects of green tea (Camellia sinensis) waste silage and
polyethyleneon ruminal fermentation and blood components in cattle.
Asian-Aust. J. Anim. Sci., 19: 1728-1736.

NRC (1998). Nutrient Requirements of Swine, 10th ed. National
Research Council National Academy Press, Washington, DC. USA.
Pearson DA, Frankel EN, Aeschbach R, German JB (1998). Inhibition of
endothelial cell mediated low-density lipoprotein oxidation by green

tea extracts. J. Agric. Food Chem., 46: 1445-1449.

Platel K, Srinivasan K (2000). Influence of dietary spices and their active
principles on pancreatic digestive enzymes in albino rats. Nahr, 44:
42.

Platel K, Rao A, Saraswathi G, Srinivasan K (2002). Digestive stimulant
action of three Indian spice mixes in experimental rats. Nahr, 46: 394-
398.

Rao RR, Platel K, Srinivasan K (2003). In vitro influence of spices and
spice-active principles on digestive enzymes of rat pancreas and
small intestine. Nahr, 47: 408-412.

Sarker MSK, Ko SY, Lee SM, Kim GM, Choi JK and Yang CJ (2010).
Effect of different feed additives on growth performance and blood
profiles of Korean Hanwoo calves. Asian-Aust. J. Anim. Sci., 23: 52—
60.

SAS (2003). SAS User’s Guide, Version 9.1. SAS Institute, Cary, NC,
USA.

Sayama K, Lin S, Zheng G, Oguni | (2000). Effect of green tea on
growth, food utilization and lipid metabolism in mice. In vivo, 14: 481-
484.

Shin SH, Chae SY, Ha MH, Jo SK, Kim SH, Byun MW, Yee ST (2004).
Effect of Bu-Zhong-Yi-Qi-Tang on B cell development. J. Korean Soc.
Food Sci. Nutr., 33: 271-277.

Shomali T, Mosleh N, Nazifi S (2011). Two weeks of dietary
supplementation with green tea powder does not affect performance,
D-xylose absorption, and selected serum parameters in broiler
chickens. Compar. Clinic. Pathol. Published online by Springer-
Verlag London Limited, 30 March 2011. doi: 10.1007/s00580-011-
1220-9. Available at:
http://www.springerlink.com/content/2978721nxI3j0p21/fulltext.html.

Tanaka S, Akaishi E, Hosaka K, Okamura S, Kubohara Y (2005). Zinc
ions suppress mitogen-activated interleukin-2 production in Jurkat
cells. Biochem. Biophys. Res. Commun., 28: 162-167.

Uuganbayar D, Bae IH, Choi KS, Shin IS, Firman JD, Yang CJ (2005).
Effects of green tea powder on laying performance and egg quality in
laying hens. Asian-Aust. J. Anim. Sci., 18: 1769-1774.

Vernon CW, Krause GF, Bailey EM (1970). A new extraction method for
determining 2-thiobarbituric acid values of pork and beef during
storage. J. Food Sci., 35: 582-585.

Wardlaw FB, McCaskill LH, Acton JC (1973). Effects of postmortem
muscle changes on poultry meat loaf properties. J. Food Sci., 38:
421-423.

Weisburger JH, Hosey JR, Larios E, Pittman B, Zang E, Hara Y, Kuts-
Cheraux G (2001). Investigation of commercial MitoLife as an
antioxidant and antimutagen. Nutrition, 17: 322-325.

Yamamoto T, Juneja LR, Chu DC, Kim M (1997). Chemistry and
Applications of Green Tea; CRC Press, Boca Raton FL., pp. 13-21.
Yamane T, Goto H, Takahashi D, Takeda H, Otowaki K, Tsuchida T
(1999). Effects of hot water extracts of tea on performance of laying

hens. Jpn. Poult. Sci., 36: 31-37.

Yang CJ, Yang lY, Oh DH, Bae IH, Cho SG, Kong IG, Uuganbayar D,
Nou IS, Choi KS (2003). Effect of green tea by-product on
performance and body composition in broiler chicks. Asian-Aust. J.
Anim. Sci., 16: 867-872.

Yang H, Parkhouse RM (1998). Differential activation requirements



associated with stimulation of T cells via different epitopes of CD3.
Immunology, 93: 26-32.

Zink M (2011). Green tea for weight loss. The Herbal Collective
Magazine. May,2011. Available at:
http://herbalcollective.ca/source/2011/05/12/green-tea-forweight-loss/.

Hossain et al. 2467

Zuckermann F, Husmann R (1996). The human and swine CD4/CD8
double positive T lymphocyte. In: Tumbleson ME, Schook LB (eds)
Adv. Swine Biomed. Res., Plenum Press, New York, USA, pp. 331-
343.



