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Abstract

Background: Several studies have evaluated the effects of oolong tea extracts on obesity. However, only few 
studies focused on the anti-obesity effect of specific components of oolong tea.
Objective: This study investigated the specific anti-obesity capabilities of oolong tea polysaccharide (TPS) and 
tea polyphenols (TPP) in high-fat diet-induced Sprague–Dawley rats.
Methods: Oolong tea water extract, TPS, TPP, and polysaccharide mixed with polyphenol (TPSM) given at 
doses of 400 or 800 mg/kg were administered to rats fed with high-fat diet for 6 weeks to explore the anti-
obesity effects of the treatments.
Results: TPS and TPP were responsible for the suppressive effect on body fat accumulation. TPSM exhibited 
the highest effect on body weight reduction, and TPS and TPP effectively reduced serum leptin levels and sig-
nificantly improved blood lipid and antioxidant levels. Moreover, microarray analysis of hepatic and adipose 
gene expression profiles revealed that TPP and TPS inhibited obesity through effects on the pathways of fatty 
acid biosynthesis, steroid hormone biosynthesis, unsaturated fatty acid biosynthesis, fatty acid elongation, 
glycerolipid metabolism, and glycerophospholipid metabolism.
Conclusions: TPSM might be a potential therapy for the treatment of obesity.

Keywords: oolong tea; anti-obesity; polysaccharide; polyphenols

Received: 8 April 2017; Revised: 11 September 2018; Accepted: 27 November 2018; Published: 19 December 2018

The incidence of obesity has increased dramatically 
in recent years and has become a serious health 
medical problem in the world (1). Epidemiological 

studies have shown that obesity is a complex metabolic dis-
order caused by the imbalance between energy intake and 
energy expenditure and boosts the risk of various chronic 
diseases, such as hypertension, type II diabetes, coronary 
artery disease, and cancers (2, 3). Currently, the available 
therapy for obesity causes a number of side effects (4–6). 
Therefore, the prevention of obesity is an urgent matter, 
and the use of food to suppress the accumulation of body 
weight and body fat may be a safe solution (7, 8).

As a traditional type of Chinese tea (Camellia sinen-
sis), oolong tea has been a popular beverage worldwide 
because of its health benefits including anti-oxidation, 
anti-microbial, cholesterol-lowering effect, and reducing 
the risks of cancer (9–11). Oolong tea polysaccharide, 

caffeine, and polyphenols contribute to these health ben-
efits (12,  13). The polyphenols found in semi-fermented 
oolong tea mainly comprise epigallocatechin, epigallocat-
echin gallate (EGCG), epicatechin, and epicatechin gal-
late (14–16). Given the ever-growing obesity pandemic, 
the anti-obesity effects of oolong tea have been the focus 
of considerable attention (17). However, the strength of 
such anti-obesity effects differs depending on the variety 
and functional components. Rumpler et al. observed that 
oolong tea extract intake significantly increased the en-
ergy expenditure in a group of young males (18). Since 
then, clinical trials have reported the effects of tea prep-
arations on increasing energy expenditure, fat oxidation, 
weight loss, fat mass, and weight maintenance after weight 
loss (19–21). Oolong tea extracts decreased weight and 
body fat gain in rodent models in several studies (18, 22). 
Kuo et al. reported that body weight suppression occurs 
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in tea-leaf-fed groups in the following order: oolong tea > 
pu-erh tea > black tea > green tea (23).

Several studies have evaluated the effects of oolong tea 
extracts on obesity (24–26). However, only few studies 
have focused on the anti-obesity effect of specific compo-
nents of oolong tea. Therefore, this study aimed to isolate 
polyphenols and polysaccharides from oolong tea and in-
vestigated their influence on the development of obesity.

Materials and methods

Chemicals and animals
The coarse old oolong tea employed in the study was 
produced in Fujian, China. A total of 145 male Sprague–
Dawley rats (~200 g) were purchased from PLA Military 
Academy of Medical Sciences Laboratory Animal Center 
(license number SCXK [Beijing] 2012–0004).

Extraction of tea polyphenols and polysaccharides 
from oolong tea
Crude oolong tea leaves (JinFuDe, Fujian Province, 
China) were ground into powder by a grinder. Water ex-
tracts were obtained three times at 85°C at a solid–liq-
uid ratio of  1:15 once an hour. The extracts were filtered 
using a nine-layer gauze and concentrated under reduced 
pressure. One part of  the concentrate was lyophilized as 
the total water extract. The other part of  the concentrate 
was extracted by chloroform, and the aqueous layer was 
extracted with ethyl acetate. Finally, the organic layer 
was lyophilized to tea polyphenols (TPP), and the aque-
ous layer was precipitated with ethanol and lyophilized 
to tea polysaccharides (TPS) after protein removal. The 
obtained oolong TPP was analyzed through high-perfor-
mance liquid chromatography (HPLC; Shimadzu, Kyoto, 
Japan) equipped with an ultraviolet (UV) detector. The 
oolong TPP is composed of EGC (59.09%), EGCG 
(12.83), EC (13.47%), and ECG (14.61%). The oolong 
TPS comprised 4.06 mol% rhammose, 2.58 mol% fucose, 
27.19 mol% arabinose, 1.26 mol% xylose, 5.68 mol% 
mannose, 4.66 mol% galactose, and 54.57 mol% glucose.

Animals and experimental protocols
All of the experimental procedures employed in the study 
followed the guidelines of the Committee on the Ethics 
of Animal Experiments of Tianjin University of Science 
and Technology (TUST20131015) and were based on the 
National Institutes of Health Guide for the Care and Use 
of Laboratory Animals. All efforts were exerted to mini-
mize suffering.

Rats were kept in a room maintained under standard 
conditions of 20°C to 25°C, 12 h/12 h light/dark cycle, and 
relative humidity of 45 to 65%. After 7 days of adaptation, 
the rats were randomly divided into two groups (Group I 
= 10 and Group II = 135) by weight. Rats in Group I were 

given free access to distilled water and normal diet. Group 
II rats were orally administered with distilled water and a 
high-fat diet consisting of 79% basal feed, 10% lard, 10% 
egg yolk powder, 0.5% cholesterol, and 0.5% cholate. After 
a 2-week high-fat diet, the Group II rats were sorted by 
weight gain, and one-third of the rats with a slower speed 
of gaining weight (obesity-resistant rats, body weight gain 
less than 20%) were eliminated from the study. The 90 
screened out obesity-sensitive rats were randomly divided 
into different groups as follows: model control, the group 
given 40 mg/kg orlistat, the group given 400 or 800 mg/
kg total water extract, the group given 400 or 800 mg/kg 
TPP, the group given 400 or 800 mg/kg TPS, and the group 
given a combination of TPS and TPP at 400 mg/kg. All 
rats used in the experiment were given oolong tea func-
tional materials via oral gavage. These groups were given 
high-fat diet and designated as normal control group (NC), 
model control group (MC), positive control group, orlistat 
(OC), high dose of total water extract group (TWH), low 
dose of total water extract group (TWL), high dose of tea 
polyphenols group (TPPH), low dose of tea polyphenols 
group (TPPL), high dose of tea polysaccharides group 
(TPSH), low dose of tea polysaccharides group (TPSL), 
and the complex of tea polysaccharides and polyphenols 
group (TPSM), respectively. During the experiment, food 
intake was recorded daily, and body weight and length 
were measured once every 3 days.

After 6 weeks of experimentation, all rats were fasted 
overnight, blood sample was collected from the abdom-
inal femoral arteries of the rats, and the rats were sacri-
ficed by cervical vertebral dislocation. The liver, heart, 
kidney, perinephric fat pads, epididymal adipose tissues, 
and mesenteric adipose tissues were quickly removed and 
weighed. Then, the tissues were stored at −80°C.

Blood and liver biochemical analysis
The rat serum parameters, including triglyceride (TG), 
total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDLC), low-density lipoprotein cholesterol 
(LDLC), malondialdehyde (MDA) levels, and total 
superoxide dismutase (T-SOD) activities, were deter-
mined using commercially available kits (BioSino, Bei-
jing, China). The serum leptin was characterized by 
immunoassay using rat/mouse ELISA kit (R&D Sys-
tems, Minneapolis, USA). Hepatic TG, TC, MDA, and 
T-SOD concentrations were estimated using the same kit 
for serum analysis. All measurements performed were in 
accordance with the manufacturers’ instructions.

Adipose and liver histopathology
Suitable rat epididymal adipose and hepatic tissues were 
selected and fixed in 10% formalin for 16 h. Then, all of 
the tissues were dehydrated in graded ethanol (70% etha-
nol for 10 min, 80% ethanol for 10 min, 95% ethanol for 
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10 min thrice, and 100% ethanol for 15 min thrice). Xy-
lene was used to clear the tissues (15 min twice). Then, the 
tissues were dipped in wax twice at 60°C, 1 h to 2 h each 
time, and paraffin embedded at the same temperature. Fat 
and liver tissue blocks were cut into five microsections and 
stained with hematoxylin and eosin.

Gene chip analysis, reverse transcription polymerase chain 
reaction (RT-PCR) verification, and metabolic pathway analysis
Differentially expressed genes were screened for the NC, 
TPP, TPS, and TPSM groups using the gene expression 
profile array (GeneChip Rat Genome 230 2.0 Array, Affy-
metrix, Santa Clara, CA, USA). In addition, the differen-
tially expressed genes screened by gene chip arrays were 
verified through RT-PCR. Specific primers for the genes 
were designed, synthesized, and diluted with sterile water 
in accordance with the manufacturer’s manual. The total 
RNA in the liver and epididymal adipose tissues served as 
raw material, whereas the rat Glyceraldehyde-3-phosphate 
dehydrogenase (GADPH) genes were used as housekeeping 
genes. The One-Step SYBR PrimeScript PLUS RT-PCR 
Kit (TaKaRa, Shiga, Japan) was used for PCR. The differ-
entially expressed genes screened through gene chip arrays 
and verified via RT-PCR were used to determine the related 
metabolic pathways with the GenBank ID in the national 
center for biotechnology information (NCBI) gene database 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
metabolic pathway database. The effects of the resulting 
genes on the fat metabolic pathway were also explored.

Statistical analysis
The results are presented as means with their standard er-
rors. Statistical analysis was performed using the Statisti-
cal Product and Service Solutions (SPSS) program. Data 
were analyzed by one-way analysis of variance (ANOVA). 
Differences between the groups were established using the 
least significant difference test, and the criterion for statis-
tical significance was set at p < 0.05.

Results

Changes in rat body weight, food utilization, and Lee’s index
Table 1 shows the changes in body weight, food utiliza-
tion (body weight gain/food intake × 100%), and Lee’s 
index (3√body weight × 1000/body length). The final body 
weight of rats in the MC group was significantly higher 
than that of the NC group. By contrast, all of the treated 
groups, except for TPSL, exhibited a significant reduction 
in body weight gain compared with the MC group. More-
over, TPSM group showed the highest anti-obesity effects 
when compared with the other groups. These results in-
dicate that polysaccharides and polyphenols were syner-
gistic in reducing body weight gain. Meanwhile, all of the 
groups, except for TPSH, exhibited a significant decrease 
in Lee’s index compared with the MC group.

Body fat weight
At the end of  the experiment, the perinephric fat pads, 
epididymal adipose tissues, and mesenteric adipose tis-
sues of  each group were collected and measured. MC 
group exhibited a significantly higher weight of  the 
three fat parts than that of  the NC group. Meanwhile, 
tea water extract, TPP, TPS, and TPSM decreased in 
adipose tissue.

Blood and liver biochemical profiles
Hepatic lipid and antioxidant profiles are shown in Fig. 1 
and Table 2. The triglyceride and cholesterol levels of 
rats in the MC group increased significantly compared 
with the NC group. Meanwhile, the serum triglyceride 
and cholesterol levels lowered significantly in the TWH, 
TPPH, TPPL, and TPSM groups. Moreover, the serum 
MDA and T-SOD levels reduced significantly in the 
TPSM, TWH, and TPPL groups; similar results were also 
observed in the hepatic MDA and T-SOD levels. How-
ever, the serum LDL-C levels in TWL, TPPH, TPPL, 
TPSH, TPSL, and TPSM groups were significantly lower 

Table 1.   Body weight and other characters of rats in each group

Groups Initial BW(g) Final BW(g) Lee’s index Food utilization (%)

NC 228.58 ± 14.03 459.31 ± 27.19 311.21 ± 11.83 18.73% ± 2.02%

MC 348.74 ± 22.35 548.74 ± 51.74 339.55 ± 8.06 26.87% ± 0.98%

OC 351.33 ± 17.90 511.86 ± 43.54**# 322.31 ± 9.66**## 24.35% ± 1.76%

TWH 346.51 ± 19.37** 466.78 ± 34.21##&& 316.08 ± 9.64## 19.78% ± 2.16%#

TWL 352.16 ± 21.12** 478.61 ± 45.36## 318.45 ± 12.83## 20.56% ± 2.29%#

TPPH 348.44 ± 16.09** 473.26 ± 32.75##& 315.34 ± 5.85## 20.37% ± 3.12%#

TPPL 347.89 ± 13.16** 485.57 ± 34.27## 324.27 ± 9.03**## 21.51% ± 2.29%#

TPSH 349.89 ± 18.27** 522.72 ± 42.43** 328.56 ± 5.68**# 22.67% ± 2.03%

TPSL 343.06 ± 16.62** 505.92 ± 32.48**# 325.73 ± 7.79**## 21.67% ± 1.97%#

TPSM 345.73 ± 12.75** 447.67 ± 33.80##&& 318.49 ± 10.14## 19.04% ± 2.14%#

All values are means ± SD (n = 10). Values with different superscripts are significantly different among the groups by ANOVA with Duncan’s multiple 
range test from NC at *P < 0.05, **P < 0.01; MC at #P < 0.05, ##P < 0.01; OC, &P < 0.05, &&P < 0.01.
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than that of the MC group. TPSL and TPSM groups also 
exhibited significantly lower leptin levels than the other 
groups.

Histological analysis of liver and epididymal white adipose tissue
Changes in the degree of infiltration of lipid droplets in 
the liver are shown in Supplementary Fig. 1. The repre-
sentative liver section of the MC group showed increased 
infiltration of lipid droplets, leading to a hepatic steatotic 
condition. Meanwhile, the infiltration of lipid droplets in 
the representative liver section of the other groups was 
markedly reduced; even the liver histological section of the 
TPSM group was free from lipid droplets. The histology 

of the rat epididymal white adipose tissue is shown in Sup-
plementary Fig. 2, and the numbers of adipocytes within 
the same field are presented in Supplementary Table 1. 
The adipocyte size of the MC group was significantly 
larger than that of the NC group, and the numbers of fat 
cells in the MC group were significantly less than that of 
the NC group. In all of the medicated groups, adipocyte 
sizes were significantly smaller, and the number of fat cells 
was significantly lower than those of the MC group.

Result of cDNA microarray
The Affymetrix GeneChip® Rat Genome 230 2.0 Array 
includes approximately 31,000 probe sets representing 
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Fig. 1.   The effect of oolong tea extracts on rat hepatic lipid profile and antioxidants. (a) Hepatic contents of TG and TC. (b) 
Hepatic contents of TG and TC. (c) Hepatic MDA content. (d) Hepatic total SOD content. Values with different superscripts are 
significantly different among the groups by ANOVA with Duncan's multiple range test from NC at *P < 0.05, **P < 0.01; MC 
at #P < 0.05, ##P < 0.01; OC, &P < 0.05, &&P < 0.01.
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28,000 specific genes. According to the results provided 
by the Tianjin Biochip Corporation, we screened out the 
differentially expressed genes related to lipid metabo-
lism in the liver and epididymal adipose tissues. Under 
the premise of  greater than twofold difference relative 
to that of  the MC group, we detected 11 differentially 
co-expressed genes in the liver of  the NC, TPPL, TPSL, 
and TPSM groups. Among the 11 genes, 2 genes were 
significantly upregulated and 9 genes were significantly 
downregulated. In the same circumstance, we detected 
13 differentially co-expressed genes in the epididymal 

adipose tissues of  the NC, TPPL, TPSL, and TPSM 
groups. Among the 13 genes, 6 genes were significantly 
upregulated and 7 genes were significantly downregulated 
(Table 3). Then, these genes were searched on the KEGG 
website to determine their lipid metabolism pathways 
(Supplementary Figs. 3–8). Microarray analysis revealed 
that TPP and TPS inhibited obesity through effects on 
the pathways of  fatty acid biosynthesis, steroid hormone 
biosynthesis, unsaturated fatty acid biosynthesis, fatty 
acid elongation, glycerolipid metabolism, and glycero-
phospholipid metabolism.

0

1

2

3

4

NC MC OC TWH TWL TPPH TPPL TPSH TPSL TPSM

M
D

A
 (m

m
ol

/L
)

## ##

##

##

#

##

C

0

70

140

210

280

NC MC OC TWH TWL TPPH TPPL TPSH TPSL TPSM

T-
SO

D
 (U

/m
L)

#

**##&

**##&& **##&&

##
##

##

#

D

#
#

Fig. 1. Continued  The effect of oolong tea extracts on rat hepatic lipid profile and antioxidants. (a) Hepatic contents of TG and 
TC. (b) Hepatic contents of TG and TC. (c) Hepatic MDA content. (d) Hepatic total SOD content. Values with different super-
scripts are significantly different among the groups by ANOVA with Duncan's multiple range test from NC at *P < 0.05, **P < 
0.01; MC at #P < 0.05, ##P < 0.01; OC, &P < 0.05, &&P < 0.01.
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Discussion
With the dramatically increasing prevalence of obesity, 
the urgent need for new strategies to combat the growing 
epidemic emerges. Therefore, in the present study, we iso-
lated polyphenols and polysaccharides from oolong tea 

and investigated the anti-obesity capabilities of the com-
ponents. In the present study, TWH, TWL, TPPH, TPPL, 
and TPSM effectively prevented rat body weight increase 
relative to the weight of the MC group. Moreover, the tea 
water extract and polyphenols presented dose-dependent 

Table 2.  Serum figures of rats in each group

Groups TC (mmol/) TG (mmol/L) HDLC (mmol/L) LDLC (mmol/L) MDA (mmol/L) T-SOD (U/mL) LEP (pg/mL)

NC 1.57 ± 0.25 0.86 ± 0.42 2.22 ± 1.64 0.94 ± 0.23 0.12 ± 0.09 157.03 ± 20.24 179.73 ± 12.12

MC 2.58 ± 0.43 1.23 ± 0.26 1.14 ± 0.16 1.52 ± 0.56 0.27 ± 0.03 122.99 ± 17.16 198.82 ± 27.41*

OC 1.56 ± 0.32## 0.76 ± 0.26## 1.71 ± 0.55 0.40 ± 0.48 0.21 ± 0.15* 184.48 ± 15.27**## 178.82 ± 25.42#

TWH 1.99 ±0.43*##& 0.61 ± 0.28## 1.98 ± 0.53## 0.91 ± 0.31#& 0.15 ± 0.07## 187.06 ± 18.00**## 182.91 ± 22.67

TWL 1.80 ± 0.77## 0.64 ± 0.33## 1.74 ± 0.42# 0.67 ± 0.78## 0.13 ± 0.07## 154.45 ± 18.70##&& 185.64 ± 29.16

TPPH 1.97 ± 0.41*##& 0.77 ± 0.20## 2.26 ± 0.40## 0.73 ± 0.46## 0.17 ± 0.08## 97.82 ± 24.34**##&& 175.18 ± 19.78#

TPPL 1.75 ± 0.48## 0.68 ± 0.16## 1.75 ± 0.43## 0.43 ± 0.64*## 0.10 ± 0.04##&& 163.03 ± 18.09##& 178.67 ± 21.07#

TPSH 1.86 ± 0.43## 1.11 ± 0.34& 1.65 ± 0.31 0.67 ± 0.34## 0.17 ± 0.11# 174.83 ± 23.80*## 179.86 ± 16.80

TPSL 1.58 ± 0.27## 1.22 ± 0.53*&& 1.41 ± 0.34** 0.36 ± 0.78*## 0.21 ± 0.11* 192.21 ± 11.58**## 166.50 ± 15.71*##

TPSM 1.55 ± 0.25*## 0.69 ± 0.31## 1.73 ± 0.58# 0.27 ± 0.43**## 0.13 ± 0.04##& 146.94 ± 19.69#&& 170.50 ± 19.16##

All values are means ± SD (n = 10). Values with different superscripts are significantly different among the groups by ANOVA with Duncan’s multiple 
range test from NC at *P < 0.05, **P < 0.01; MC at #P < 0.05, ##P < 0.01; OC, &P < 0.05, &&P < 0.01.

Table 3.  Co-expression of regulated genes related to lipid metabolism

Tissue Probe set Gene symbol Gene title RefSeq transcript ID Levels

Live tissue 1367667_at Fdps Farnesyl diphosphate synthase NM_031840 down

1367707_at Fasn fatty acid synthase NM_017332 down

1387006_at Sult2al1 Sulfotransferase family 2A, dehydroepiandrosterone  
(DHEA)-preferring-like 1

NM_012695 down

1370281_at Fabp5 Fatty acid binding protein 5, epidermal NM_145878 down

1370355_at Scd1 Stearoyl-coenzyme A desaturase 1 NM_139192 down

1387123_at Cyp17a1 Cytochrome P450, family 17, subfamily a, polypeptide 1 NM_012753 down

1387156_at Hsd17b2 Hydroxysteroid (17-beta) Dehydrogenase 2 NM_024391 down

1370566_at Rdh2 Retinol dehydrogenase 2 NM_199208 down

1374914_at Ppard Peroxisome proliferator-activated receptor delta XM_001078083 /// down

1380013_at Pnpla3 Patatin-like phospholipase domain containing 3 XM_343302 up

1388108_at Elovl6 ELOVL family member 6, elongation of long chain fatty acids (yeast) NM_134383 /// 
XM_001075165

up

Adipose 
tissues

1369179_a_at Pparg Peroxisome proliferator-activated receptor gamma NM_001145366 /// 
NM_001145367 /// 
NM_013124

down

1367585_a_at Atplal ATPase, Na+/K+ transporting, alpha 1 polypeptide NM_012504 down

1367609_at Mif Macrophage migration inhibitory factor NM_031051 down

1367894_at Insig1 Insulin induced gene 1 NM_022392 down

1370862_at Apoe Apolipoprotein E J02583 down

1371691_at Rarres2 Retinoic acid receptor responder (tazarotene induced) 2 BI282993 down

1371963_at Pcca Propionyl-coenzyme A carboxylase, alpha polypeptide BF395042 down

1375034_at Pla2g15 Phospholipase A2, group XV AI410383 up

1387132_at Lipe Lipase, hormone sensitive NM_012859 up

1387365_at Nr1h3 Nuclear receptor subfamily 1, group H, member 3 NM_031627 up

1379075_at Mboat2 Membrane-bound O-acyltransferase domain containing 2 AI501287 up

1382680_at Adfp Adipose differentiation-related protein BG673602 up

1386960_at Slc37a4 Solute carrier family 37 (glucose-6-phosphate transporter), member 4 NM_031589 up
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effects; the high-dose green tea water extract or polysac-
charide was more efficacious in preventing obesity than 
the other treatments tested. Nevertheless, TPSH and 
TPSL did not significantly change the rat body weight.

He et al. reported that oolong tea could reduce the 
weight of rats by suppressing food intake (27). Kao et al. 
also observed a reduction in food intake after the admin-
istration of EGCG present in TPP (26). We also observed 
a decrease in weight gain induced by polyphenols, poly-
saccharide, or the combination of TPS and TPP, which is 
relevant in food utilization.

Xu et al. reported that green tea extract, polysaccha-
ride, and polyphenols exhibit anti-inflammatory activities 
(28). Our results indicated that polyphenols, polysaccha-
ride, or the combination of TPS and TPP can significantly 
reduce serum and liver triglyceride levels. Furthermore, 
the TPSL group effectively increased serum T-SOD levels.

Numerous studies on genetic, metabolic, hormonal, be-
havioral, social, and cultural aspects have been conducted 
to increase our understanding of the cause and treatment 
of obesity (29, 30). The physiological and molecular 
changes observed in our high-fat-diet-induced obese rat 
model provided useful insight into the development of 
obesity in humans. In the present study, we showed that 
the expression of a number of genes involved in lipid 
metabolism was altered in the MC group, which further 
demonstrated the usefulness of this high-fat diet model. 
In addition, a total of 24 obesity-related genes showed 
significant changes in liver and epididymal adipose tissues 
in the TPPL, TPSL, and TPSM groups compared with 
the MC group. Considerable evidence from the KEGG 
website reveals that these genes play important roles in 
the pathogenesis of obesity. The pathways participated in 
by the genes include fatty acid biosynthesis, steroid hor-
mone biosynthesis, unsaturated fatty acid biosynthesis, 
fatty acid elongation, glycerolipid metabolism, and glyc-
erophospholipid metabolism.

Conclusions
In summary, crude old oolong tea extract prevented 
body weight gain in male Sprague–Dawley rats, in which 
polyphenols and polysaccharide may play an important 
role, particularly the combination of polyphenols and 
polysaccharide. Multiple factors in oolong tea were de-
termined to contribute to the anti-obesity effects in the 
present research. Each main ingredient in oolong tea con-
tributed to the anti-obesity function, and every ingredient 
has potential beneficial effects in achieving weight loss, 
such as reducing food utilization, lowering serum triglyc-
eride levels, inhibiting fatty acid absorption, and regulat-
ing relevant gene expression. Therefore, the combination 
of polysaccharide and polyphenols might be a potential 
therapy to treat obesity, and further clinical studies are 
needed in this regard.

Authors’ contributions
All authors were involved in the study design and collabo-
rated to write this article. T.W. analyzed the data, J.X.R.L. 
and Y.C. interpreted the data, T.W. and J.X. coordinated 
the research, and M.Z. was primarily responsible for the 
final content.

Conflict of interest and funding
No potential conflict of interest was reported by the au-
thors. This work was supported by the Beijing Advanced 
Innovation Center for Food Nutrition and Human Health 
(Grant No. 20161025), Research Project of Tianjin Edu-
cation Commission (Grant No. 2017ZD02), Innovation 
of Modern Agricultural Project (Grant No. F18RO2), 
and the National Natural Science Foundation of China 
(Grant No. 31501475).

References

	 1. 	Upadhyay J, Farr O, Perakakis N, Ghaly W, Mantzoros C. 
Obesity as a Disease. Med Clin North Am 2018; 102: 13–33. 
doi:10.1016/j.mcna.2017.08.004

	 2. 	Eckel RH, Kahn SE, Ferrannini E, Goldfine AB, Nathan DM, 
Schwartz MW, et al. Obesity and type 2 diabetes: what can be 
unified and what needs to be individualized? J Clin Endocrinol 
Metab 2011; 96: 1654–63. doi:10.1210/jc.2011-0585

	 3. 	Stimpson E, Patel J, Kittleson M, Rafiei M, Osborne A, Lee F, 
et al. The obesity paradox. J Heart Lung Transplant 2013; 32: 
S212. doi:10.1016/j.healun.2013.01.531

	 4. 	Colman E, Golden J, Roberts M, Egan A, Weaver J, Rosebraugh 
C. The FDA’s assessment of two drugs for chronic weight 
management. N Engl J Med 2012; 367: 1577–9. doi:10.1056/
NEJMp1211277

	 5. 	Khoja SS, Piva SR, Toledo FG. Physical activity in obesity and 
diabetes. Obesity: Springer, Cham; 2016, pp. 321–33. 

	 6. 	Saunders KH, Umashanker D, Igel LI, Kumar RB, Aronne 
LJ. Obesity Pharmacotherapy. Med Clin North Am 2018; 102: 
135–48. doi:10.1016/j.mcna.2017.08.010

	 7. 	Mohamed GA, Ibrahim SRM, Elkhayat ES, El Dine RS. Natu-
ral anti-obesity agents. Bulletin of Faculty of Pharmacy, Cairo 
University. 2014; 52: 269–84. doi:10.1016/j.bfopcu.2014.05.001

	 8. 	Wu T, Yin J, Zhang G, Long H, Zheng X. Mulberry and cherry 
anthocyanin consumption prevents oxidative stress and inflam-
mation in diet-induced obese mice. Mol Nutr Food Res 2016; 60: 
687–94. doi:10.1002/mnfr.201500734

	 9. 	Igarashi Y, Obara T, Ishikuro M, et al. Randomized controlled 
trial of the effects of consumption of ‘Yabukita’ or ‘Benifuuki’ 
encapsulated tea-powder on low-density lipoprotein cholesterol 
level and body weight. Food Nutr Res. 2017; 61: 1334484. doi:1
0.1080/16546628.2017.1334484

	10. 	Ng KW, Cao ZJ, Chen HB, Zhao ZZ, Zhu L, Yi T. Oolong tea: 
a critical review of processing methods, chemical composition, 
health effects, and risk. Crit Rev Food Sci Nutr 2017: 1–24. doi:
10.1080/10408398.2017.1347556

	11. 	Yang M, Wang C, Chen H. Green, oolong and black tea extracts 
modulate lipid metabolism in hyperlipidemia rats fed high-su-
crose diet. J Nutr Biochem. 2001; 12: 14–20.

	12. 	Suzuki T, Miyoshi N, Hayakawa S, Imai S, Isemura M, Naka-
mura Y. Health benefits of tea consumption. Beverage Impacts 
Health Nutr Springer; 2016, p. 49–67.



Citation: Food & Nutrition Research 2018, 62: 1599 - http://dx.doi.org/10.29219/fnr.v62.15998
(page number not for citation purpose)

Tao Wu et al.

	13. 	Yi T, Zhu L, Peng W-L, He X-C, Chen H-L, Li J, et al. Compar-
ison of ten major constituents in seven types of processed tea 
using HPLC-DAD-MS followed by principal component and 
hierarchical cluster analysis. LWT - Food Sci Technol 2015; 62: 
194–201. doi:10.1016/j.lwt.2015.01.003

	14. 	Zhang X, Chen Y, Zhu J, Zhang M, Ho CT, Huang Q, et al. 
Metagenomics analysis of Gut Microbiota in a high fat di-
et-Induced obesity mouse model fed with (-)-Epigallocatechin 
3-O-(3-O-Methyl) Gallate (EGCG3’’Me). Mol Nutr Food Res 
2018: 1800274.

	15. 	Friedrich M, Petzke KJ, Raederstorff  D, Wolfram S, Klaus S. 
Acute effects of epigallocatechin gallate from green tea on ox-
idation and tissue incorporation of dietary lipids in mice fed a 
high-fat diet. Int J Obes (Lond) 2012; 36: 735–43. doi:10.1038/
ijo.2011.136

	16. 	Huvaere K, Nielsen JH, Bakman M, Hammershoj M, Skibsted 
LH, Sorensen J, et al. Antioxidant properties of green tea extract 
protect reduced fat soft cheese against oxidation induced by light ex-
posure. J Agr Food Chem 2011; 59: 8718–23. doi:10.1021/jf201139e

	17. 	Yang B, Kortesniemi M. Clinical evidence on potential 
health benefits of berries. Curr Opin Food Sci 2015; 2: 36–42. 
doi:10.1016/j.cofs.2015.01.002

	18. 	Rumpler W, Seale J, Clevidence B, Judd J, Wiley E, Yamamoto 
S, et al. Oolong tea increases metabolic rate and fat oxidation in 
men. J Nutr 2001; 131: 2848–52. doi:10.1093/jn/131.11.2848

	19. 	Kovacs EM, Lejeune MP, Nijs I, Westerterp-Plantenga MS. Ef-
fects of green tea on weight maintenance after body-weight loss. 
Br J Nutr 2004; 91: 431–7. doi:10.1079/BJN20041061

	20. 	Nagao T, Komine Y, Soga S, Meguro S, Hase T, Tanaka Y, et al. 
Ingestion of a tea rich in catechins leads to a reduction in body 
fat and malondialdehyde-modified LDL in men. Am J Clin Nutr 
2005; 81: 122–9. doi:10.1093/ajcn/81.1.122

	21. 	Venkatakrishnan K, Chiu HF, Cheng JC, Chang YH, Lu YY, 
Han YC, et al. Comparative studies on the hypolipidemic, an-
tioxidant and hepatoprotective activities of catechin-enriched 
green and oolong tea in a double-blind clinical trial. Food Funct 
2018; 9: 1205–13. doi:10.1039/c7fo01449j

	22. 	Han LK, Takaku T, Li J, Kimura Y, Okuda H. Anti-obesity ac-
tion of oolong tea. Int J Obesity Related Metab Disord: J Int 
Assoc Study Obesity 1999; 23: 98–105.

	23. 	Kuo KL, Weng MS, Chiang CT, Tsai YJ, Lin-Shiau SY, Lin JK. 
Comparative studies on the hypolipidemic and growth suppres-
sive effects of oolong, black, pu-erh, and green tea leaves in rats. 
J Agr Food Chem 2005; 53: 480–9. doi:10.1021/jf049375k

	24. 	Ikeda I, Hamamoto R, Uzu K, Imaizumi K, Nagao K, Yanagita 
T, et al. Dietary gallate esters of tea catechins reduce deposition 
of visceral fat, hepatic triacylglycerol, and activities of hepatic 
enzymes related to fatty acid synthesis in rats. Biosci Biotechnol 
Biochem 2005; 69: 1049–53.

	25. 	Rains TM, Agarwal S, Maki KC. Antiobesity effects of green 
tea catechins: a mechanistic review. J Nutr Biochem 2011; 22: 
1–7. doi:10.1016/j.jnutbio.2010.06.006

	26. 	Kao YH, Hiipakka RA, Liao S. Modulation of endocrine sys-
tems and food intake by green tea epigallocatechin gallate. En-
docrinology 2000; 141: 980–7. doi:10.1210/endo.141.3.7368

	27. 	He RR, Chen L, Lin BH, Matsui Y, Yao XS, Kurihara H. Ben-
eficial effects of oolong tea consumption on diet-induced over-
weight and obese subjects. Chin J Integr Med 2009; 15: 34–41. 
doi:10.1007/s11655-009-0034-8

	28. 	Xu Y, Zhang M, Wu T, Dai S, Xu J, Zhou Z. The anti-obesity 
effect of green tea polysaccharides, polyphenols and caffeine 
in rats fed with a high-fat diet. Food Funct 2015; 6: 297–304. 
doi:10.1039/c4fo00970c

	29. 	Lu C, Zhu W, Shen CL, Gao W. Green tea polyphenols reduce 
body weight in rats by modulating obesity-related genes. PLoS 
One 2012; 7: e38332. doi:10.1371/journal.pone.0038332

	30. 	Szulinska M, Stepien M, Kregielska-Narozna M, Suliburska J, 
Skrypnik D, Bak-Sosnowska M, et al. Effects of green tea supple-
mentation on inflammation markers, antioxidant status and blood 
pressure in NaCl-induced hypertensive rat model. Food Nutr Res 
2017; 61: 1295525. doi:10.1080/16546628.2017.1295525

*Min Zhang
Tianjin University of Science and Technology
Tianjin 300457
P. R. China
Email: zm0102@tust.edu.cn


