
 Journal of 
Diabetes and Obesity

Research Article                               Open Access

1Department of Animal Science, University of Manitoba, Winnipeg, Manitoba, Canada
2College of Veterinary Medicine, Konkuk University, Seoul, Republic of Korea
3Department of Poultry Science, University of Georgia, 303 Poultry Science Building, Athens 30602, GA, U.S.A
4College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea
#These authors contributed equally

Abstract
 This study was conducted to examine the effect of green tea on body, adipose 
tissue, and liver weights and adipose tissue weight to body weight ratio and the adipo-
genic differentiation and expression of adipogenic transcripts in chicken (Gallus gal-
lus) preadipocytes. In experiment one, chicks were weighed and randomly assigned to 
a control diet (CTRL) and green tea treatment (GT 1%, w/w) for 38 days. In experiment 
2, preadipocytes were isolated from 20 wk old chicken and treated with an adipogenic 
cocktail (DMIOA) containing 500 nM dexamethasone, 0.5 mM 3-isobutyl-1-methylx-
anthine, 20 µg/mL insulin, and 300 μM OA, DMIOA+30 µg of extract B, E, H, Mc, 
T, and W, respectively, for 48 h. Data were analysed using the General Liner Model 
procedure of the Statistics Analysis System (SAS) Institute version 9.4, and differences 
were considered significant at P < 0.05. Gene expression was measured using quantita-
tive real-time PCR. GT 1% significantly reduced body (- 9%; P = 0.0447), liver (-20%; 
P = 0.0206), and abdominal fat weight (- 44%; P = 0.0055) compared with the control 
(CTRL) group (GT 0%). The abdominal fat/body weight ratio of green tea supplement-
ed group (- 36%; P = 0.0125) was also significantly lower than that of control group. 
In cell culture study, all green tea extracts inhibited C/EBPα and β mRNA expression 
compared to DMIOA. DMIOA+B, T, or W reduced mRNA expression of FABP4 by 
three-fold compared to DMIOA. Although all green tea extracts reduced adipocyte for-
mation, T and W had the strongest anti-adipogenic effects. These results demonstrate 
that supplementation of green tea could be an effective strategy in the control of obesity 
in chickens.
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Introduction

 Progress in body weight gain or meat production in 
broiler chickens has been accomplished through genetic selec-
tion. Genetic selection for growth parameters in broiler chickens 
resulted in breeder stock that tends to lack the ability to self-reg-
ulate feed intake[1-3]. This improvement in body-weight-for-age 
of modern broiler chickens, due to an increased growth rate and 
associated higher nutrient supply, is closely related with exces-
sive fat deposition, metabolic, skeletal and reproductive disor-
ders, and high mortality rates that eventually reduce the profit-
ability of the poultry industry[4,5].
 Modern commercial chickens exhibit excessive fat ac-
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cumulation in the abdominal area that negatively affects their 
reproductive performance and causes fatty liver hemorrhagic 
syndrome. Owing to the potential health risk due to consump-
tion of high fat meat, the demand for lean meat is increasing. 
Therefore, devising feeding strategies that would help to reduce 
excessive fat accumulation in modern poultry has a paramount 
importance. In line with this, understanding the mechanisms re-
sponsible for the regulation of lipid metabolism and identifica-
tion of key enzymes and transcription factors involved in lipid 
metabolism could enhance production of lean meat. 
 Broiler chickens fed ad libitum feed likely consume en-
ergy at two or three times greater than their maintenance needs, 
and deposit body fat at faster rate[6]. A higher degree of feed re-
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striction[7] and supplementation of anti-adipogenic compounds 
or feed additives in diets[8-11] have been noted as some of the 
strategies to regulate this rapid body weight gain and reduce 
health consequences of consuming high meat fat. 
 Green tea is a historically popular beverage, and is pro-
duced from the leaves of the evergreen plant, Camellia sinensis. 
Green tea contains several polyphenols including (-)-epigallo-
catechin gallate (EGCG), (-)-epicatechin, (-)-epigallocatechin, 
(-)-epicateching gallate[12]. However, the largest polyphenol in 
green tea is constituted by EGCG that accounts for more than 
60% of the total polyphenols[13]. 
 Results from numerous clinical trials have indicated 
that consumption of tea containing polyphenols and caffeine 
reduces body weight and fat metabolism in humans and in ro-
dents fed high-fat diets[14-16]. In particular, green tea polyphenols 
(GTPs) have been shown to inhibit adipogenesis and induce 
apoptosis in mouse 3T3-L1 preadipocytes[17,18]. Similarly, GTPs 
have been shown to reduce obesity and serum lipid levels in 
broiler chickens by suppressing fatty acid synthesis and stim-
ulating lipolysis[19]. This study was conducted to examine the 
effects of different green tea extracts (GTEs) on body and organ 
weight and expression of key adipogenic transcripts in broiler 
chickens. 

Materials and Methods

 This study had two experiments. In experiment one, 
day-old Ross 308 broiler chickens were used to examine the 
effect of green tea powder on body, liver, and abdominal fat 
weights. In experiment two, preadipocytes isolated from chicken 
fat tissues were used to examine the effect of different Green Tea 
Extracts (GTEs) on the adipogenic differentiation and expres-
sion of key adipogenic transcripts. 

Animals and diet 
 This experiment was conducted for 38 days. Day old 
broilers (N = 51) arrived at the poultry facility of Konkuk Uni-
versity (Seoul, Republic of Korea), weighed and randomly allo-
cated to the following dietary treatments. A control diet (CTRL) 
containing a corn and soybean meal diet with 20% crude protein 
and 3,100 kcal/kg metabolizable energy (n = 25) and green tea 
treatment (GT 1%, w/w green tea leaf powder) (n = 26). The 
experimental protocols were approved by the Committee for 
Animal Care and Use at Konkuk University and University of 
Manitoba. Total body weight, liver, and abdominal fat weights 
were measured on day 38.

Preparation and dissolution of green tea extracts
 Green tea leaves (2.0 kg) were extracted 2 times with 
distilled water (20 L) at 90 °C for 5 h, and the extract was lyo-
philized (at −50 °C for 24 h) to obtain the water-green tea extract 
(30.1% yield). After the water extraction, the leaves were air-
dried and subsequently extracted with 60% ethanol (E) (14 L) at 
42 °C for 5 h to obtain ethanol-green tea extract (20.5% yield). 
The green tea extract was prepared by direct 60% ethanol ex-
traction (at 42 °C for 5 h) from original green tea leaves (25.1% 
yield). Another green tea by-product was extracted by soaking 
1.4 kg of green tea powder in methanol (twice with 14 L, at 
42 °C for 5 h). The methanol extract was evaporated to dryness 
under reduced pressure, and a portion of the residue (150 g) was 

dissolved in methanol-H2O (9:1, 1.5 L). The resulting solution 
was partitioned with hexane (1.5 L × 3), and then the aqueous 
methanol solution was diluted with H2O to 30% of H2O in meth-
anol and extracted with dichloromethane (1.5 L × 3). The aque-
ous methanol solution was concentrated in a vacuum, and the 
aqueous residue was diluted with H2O to 1.5 L, and then consec-
utively partitioned with ethyl acetate (1.5 L × 3), and n-butanol 
(1.5 L × 3). Each of the solvent fractions was evaporated under 
reduced pressure to prepare hexane (H) (26.3 g), dichlorometh-
ane (Mc) (31.8 g), ethyl acetate (E) (59.5 g), n-butanol (B) (15.1 
g), methanol (T), and water (W) (16.0 g) extracts.
 In order to prepare the extracts for cell culture treat-
ments, 20 mg of each GTE was dissolved in one mL of Dimethyl 
Sulfoxide (DMSO) and dissolved by vortexing for several times 
to prepare 20 mg/mL of stock solution. 5 µL of the stock solution 
(100 µg GTE) was transferred to 5 mL of 1X DMEM and thor-
oughly mixed by vertexing and 1.5 µL (30 µg) of each extract 
was used to treat the cells.

Cell culture
 Abdominal adipose tissue was collected from 20-week 
old Single Comb chicken (Gallas gallus) by sterile dissection as 
described[20]. The adipose tissue was minced into fine sections 
with scissors and incubated in 10 mL Dulbecco’s Modified Ea-
gle’s Medium (DMEM) digestion buffer containing 0.1% col-
lagenase, 2.8 mM glucose, 4% BSA for 45 min at 37 °C in a 
shaking water bath. After the incubation, the contents were fil-
tered through 100 and 40 µm Nylon meshes (Fisher Scientific, 
Ottawa, ON), and the filtrate was centrifuged at 1,800 rpm for 
10 minutes to separate floating adipocytes from pellets of pread-
ipocytes. The supernatant was discarded, and cell pellets were 
re-suspended in 10 mL 1X DMEM containing 10% fetal bovine 
serum (FBS), 100 U/mL penicillin, 100 μg/mL streptomycin and 
L-glutamate (Mediatech, Inc., Manassas, VA). Preadipocytes 
were then seeded in 100 mm Petri dishes (BD Biosciences, Mis-
sissauga, ON) and cultured in an incubator with 95% air and 5% 
CO2 at 37 °C. Cells were checked for viability every day, and 
the media were changed every three days until confluence. Cells 
were washed twice in 5 mL phosphate buffered saline (PBS) and 
incubated in 3 mL 1X Tris-Ethylene diamine tetra acetic Acid 
(TE) buffer at 37 °C for 2 minutes. Seven mL of 10% DMEM 
was added, and the cells were washed several times to remove 
adhering cells. The contents were centrifuged at 1,800 rpm for 
5 minutes, the supernatant was discarded, and cell pellets were 
resuspended in 5 mL of 10% DMEM. Cell density was deter-
mined, and the cells were plated in six-well plates at 20,000 
cells/cm2 at confluence. 

Treatment of preadipocytes using different green tea extracts
 In order to examine the effect of GTE on the expression 
of key adipogenic transcripts, preadipocytes were treated with 
different GTE for 48 hrs in 1X DMEM. The experiment had 
eight treatments: 1) FBS = Non-treated preadipocytes (Preadipo-
cytes cultured with 1X DMEM alone), 2) DMIOA = Preadipo-
cytes treated with an adipogenic cocktail (DMIOA) containing 
500 nM dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine, 
20 µg/mL insulin, and 300 μM OA, 3) DMIOA+B = Preadipo-
cytes treated with DMIOA + 30 µg GTE B, 4) DMIOA+E = 
Preadipocytes treated with DMIOA + 30 µg GTE E, 5) DMIO-
A+H = Preadipocytes treated with DMIOA + 30 µg GTEH,6) 
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DMIOA+Mc = Preadipocytes treated with DMIOA + 30 µg 
GTEMc, 7) DMIOA+T = Preadipocytes treated with DMIOA + 
30 µg GTET and 8) DMIOA + W = Preadipocytes treated with 
DMIOA + 30 µg GTEW. 

Oil Red O staining
 In order to examine the effect of different green tea 
extracts on adipogenic differentiation, preadipocytes represent-
ing all treatments were stained with Oil Red O stain according 
to supplier’s protocol to assess accumulation of triglycerides 
(Lonza, Walkersville, USA). 

RNA isolation, cDNA synthesis and quantitative real-time 
reverse transcription polymerase chain reaction (qRT-PCR)
 At the end of each experiment, growth media were re-
moved, and total RNA was extracted using one mL of TRIzol 
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(Invitrogen, Burlington, ON) according to the manufacturer’s 
protocol. First strand cDNA was synthesized using a high capac-
ity cDNA synthesis kit following the supplier’s protocol (Ap-
plied Biosystems, Burlington, ON). Pairs of primers for each 
gene were designed using the National Centre for Biotechnolo-
gy Information (NCBI). Quantitative real-time reverse transcrip-
tion polymerase chain reaction (qRT-PCR) was performed in du-
plicate reactions including nuclease free water, the forward and 
reverse primers of each gene, template cDNA and SYBR Green 
as a detector using CFX ConnectTM Real-Time PCR Detection 
System (Life Science Research, Bio-Rad). Data were generated 
using ∆∆Ct method by normalizing the expression of the target 
gene to a housekeeping gene (GAPDH), and the values were 
reported as fold changes of the expression of the target genes in 
the experimental groups compared with the control group. Pairs 
of primers used for qRT-PCR assay are shown in Table 1. 

Table 1: Pairs of primers that were used for quantitative real-time qRT-PCR assay.
Name Forward Reverse Product length 

(base pair)
Annealing temperature  
( °C)

FABP4 GAGTTTGATGAGACCACAGCAGA ATAACAGTCTCTTTGCCATCCCA 106 57
PPARγ2 TGAATGTCGTGTGTGTGGGG GCATTCGCCCAAACCTGATG 229 55
C/EBPα CCTACGGCTACAGAGAGGCT GAAATCGAAATCCCCGGCCA 205 55
C/EBPβ CCGCTCCATGACCGAACTTA GCCGCTGCCTTTATAGTCCT 204 55
GAPDH GCTAAGGCTGTGGGGAAAGT TCAGCAGCAGCCTTCACTAC 116 55

Statistical analysis
 Gene expression data were analyzed using the General Linear Model Procedure of the Statistics Analysis System (SAS)[21]. 
Institute version 9.4. For body and organ weight of chickens, Tukey-test was carried out using GraphPad Prism. Probability value 
of p < 0.05 was considered significant.

Results

Effect of green tea supplementation on body and organ weight 
 The effects of green tea supplementation on body, liver, and abdominal fat weight are shown in Figure 1. Green tea supple-
mentation (GT 1%) significantly reduced body (-9%; P = 0.0447), liver (-20%; P = 0.0206), and abdominal fat weight (-44%; P = 
0.0055) compared with the control (CTRL) group (GT 0%). The abdominal fat/body weight ratio of green tea supplemented group 
(-36%; P = 0.0125) was also significantly lower than that of control group.

Figure 1: Effect of green-tea supplementation on body and organ weight. GT 1% = Green tea 1%; GT 0% = Control (CTRL).
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Effect of green tea on adipogenic differentiation
 Results of the Oil-Red O staining indicated reduced adipocyte formation in cells treated with DMIOA + GTEs compared 
with cells treated with DMIOA alone. Especially, adipocyte formation was remarkably reduced in cells treated with DMIOA + ex-
tract B, T, and W (Figure 2). 

Figure 2: Representative Oil Red O stained images of preadipocytes treated with an adipogenic cocktail (DMIOA) containing 500 nM dexameth-
asone, 0.5 mM 3-isobutyl-1-methylxanthine, 20 µg/mL insulin, and 300 μM OA (DMIOA), and DMIOA +30 µg different green tea extracts. B = 
butane extract, E = ethanol extract, H = hexane extract, Mc = dichloromethane extract, T = methane extract, and W = water extract.

Effect of green tea on the expression of key adipogenic transcripts
 Results of gene expression study are presented in Figure3A and 3B. The analysis indicated that treatment of preadipocytes 
with green tea extracts, T and W significantly reduced (P < 0.05) the expression of fatty acid binding protein 4 (FABP4) by three-fold 
compared with preadipocytes treated with DMIOA. Similarly, the expression of the core enhancer binding protein beta (C/EBPβ) 
and the core enhancer binding protein alpha (C/EBPα)was significantly reduced (P < 0.05) in preadipocytes treated with all GTEs 
compared with preadipocytes treated with DMIOA; Mc, T, and W inhibited C/EBPα and C/EBPβ mRNA expression over two-fold 
compared to DMIOA. However, the expression of peroxisome proliferator activator receptor gamma 2 (PPARγ2) was not affected 
by green tea treatments. 

Figure 3A: The mRNA expression levels of fatty acid binding protein 
4 (FABP4) and the core enhancer binding protein beta (C/EBPβ) in 
preadipocytes treated with an adipogenic cocktail (DMIOA) containing 
500 nM dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine, 20 µg/
mL insulin, and 300 μM OA (DMIOA), and DMIOA +30 µg different 
green tea extracts for 48 hr. B = butane extract, E = ethanol extract, H = 
hexane extract, Mc = dichloromethane extract, T = methane extract, and 
W = water extract. Bars with different letters are significantly different 
(P < 0.05).

J Diabetes Obes     |     Volume 4: Issue 4www.ommegaonline.org

Anti-Adipogenic Effect of Green Tea

4

Figure 3B: The mRNA expression levels of the core enhancer bind-
ing protein alpha (C/EBPα) and peroxisome proliferator receptor 
gamma 2 (PPARγ2) in preadipocytes treated with an adipogenic cock-
tail (DMIOA) containing 500 nM dexamethasone, 0.5 mM 3-isobu-
tyl-1-methylxanthine, 20 µg/mL insulin, and 300 μM OA (DMIOA), 
and DMIOA + 30 µg different green tea extracts for 48 hr. B = butane 
extract, E = ethanol extract, H = hexane extract, Mc = dichloromethane 
extract, T = methane extract, and W = water extract. Bars with different 
letters are significantly different (P < 0.05).
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Discussion

 Excessive accumulation of adipose tissue mass relative 
to lean body mass, referred to as obesity, is a nutritional and 
metabolic disorder most prevalent in humans and other animal 
species. Obesity in chicken is becoming a growing production 
concern in that excess fat accumulation in laying hens reduces 
egg production, the fertility of the eggs and productive life of the 
animal and the production of parent stock[22]. 
 Drinking green tea has been documented to be benefi-
cial to health by reducing body weight and fat deposition in the 
body[23-27]. Significant weight loss and reduction of body mass 
index and waist circumference has been reported from human 
clinical trials where high-dose of EGCG was used[23]. A study on 
the effects of green tea EGCG supplementation on body weight 
gain, adipose tissue formation, and related gene expression in 
high fat diet-induced obese mice showed that 0.2 or 0.5% EGCG 
supplementation reduced body and adipose tissue weight, and 
plasma lipids and the expression of key adipogenic and lipogenic 
genes including PPARγ, C/EBPα, SREBP1c, FABP4, LPL and 
FAS[24]. In another study, it was reported that 0.5 or 1% EGCG 
supplementation significantly attenuated fat tissue formation 
and body weight gain in mice fed high-fat diet[25]. Similarly, 
EGCG has been shown to inhibit adipogenic differentiation of 
mouse 3T3-L1 cells by up-regulating phosphorylation of AMPK 
and its substrate, acetyl-CoA carboxylase[26]. Moreover, green 
tea EGCG significantly reduces triglyceride accumulation and 
inhibits the expression of PPARγ and C/EBPα in mouse 3T3-L1 
preadipocytes[27].
 The beneficial effects of EGCG may be attributed to 
its ability to inhibit adipogenesis and induce apoptosis, lipoly-
sis and thermogenesis[28-30]. Inhibition of adipogenic differenti-
ation by EGCG may also be attributed to the activation of Ad-
enosine monophosphate-activated protein kinase (AMPK)[27], a 
conserved serine/threonine kinase which is responsible for en-
ergy homeostasis and a novel target for obesity and its related 
chronic disorders[27,30,31]. (-)-Epigallocatechin gallate exerts its 
anti-adipogenic effect by up-regulating the expression of key 
WNT/β-catenin signaling pathway related genes such as low 
density lipoprotein receptor-related protein (LRP) 5 and 6, di-
sheveled (DVL) 2 and 3, and down-regulating key adipogenic 
genes, such as PPARγ, C/EBPα, FABP4, LPL, and FAS[32]. Inter-
estingly, β-catenin siRNA reversed the anti-adipogenic effects of 
EGCG in 3T3-L1 preadipocytes[33], consolidating the notion that 
EGCG inhibits adipogenesis through WNT/β-catenin dependent 
pathway. 
 Consistent with previous findings, body and adipose 
tissue and liver weights and body weight to adipose tissue 
weight ratio were significantly reduced in chickens fed a diet 
supplemented with 1% green tea powder. Reduction of adipose 
tissue weight could be attributed to either increased lipolysis or 
reduced lipolytic activities. Additionally, treatment of preadi-
pocytes with different GTEs differentially inhibited adipogen-
esis and the expression of key adipogenic transcripts in chicken 
preadipocytes. Whereas the expression of C/EBPα and C/EBPβ 
were significantly reduced in cells treated with all GTEs, expres-
sion of FABP4 was reduced in cells treated with extracts from 
butane, methane and water only. Expression of PPARγ2 was 
not affected in any treatments. Recently, we have shown that 
C/EBPα, C/EBPβ and FABP4 expression was associated with 

oleic acid induced adipogenic differentiation of chicken preadi-
pocytes whereas the expression of PPARγ2 was not affected[34]. 
However, this inconsistent anti-adipogenic effect due to differ-
ent GTEs is not clearly understood. Therefore, identification of 
bioactive compounds in each extract would help to understand 
the underlying mechanism. 

Conclusion

 Results of this study indicated that green tea has the po-
tential to reduce adipogenesis and could be an important adjunct 
in the control of obesity in chickens.

Competing Interests: The authors declare no conflict of inter-
est.
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