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Abstract In the present study, polyphenols from green tea

(GTP), oolong tea (OTP) and black tea (BTP) were pre-

pared by extraction with hot water and polyamide column

chromatography. In antioxidant assay in vitro, each tea

polyphenols exhibited potential activity; the intestinal

absorption of GTP, OTP and BTP was investigated indi-

vidually by Caco-2 transwell system, and each sample was

poorly transported, illustrating a low transport rate for tea

polyphenols through cell monolayers. The effects of GTP,

OTP and BTP on human intestinal microbiota were also

evaluated, and each sample induced the proliferation of

certain beneficial bacteria and inhibited Bacteroides–Pre-

votella and Clostridium histolyticum. Moreover, the short-

chain fatty acids (SCFA) produced in cultures with tea

polyphenols were relatively higher. Together, these results

suggested GTP, OTP and BTP may modulate the intestinal

flora and generate SCFA, and contribute to the improve-

ments of human health.
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Introduction

Containing numerous bioactive compounds, tea is one of

the most popularly beverages, and has been viewed as a

potential health-promoting natural resource worldwide

(Kumar et al. 2011; Jobu et al. 2013). Tea polyphenols are

important bioactive ingredients in tea, as its main ingre-

dient, tea catechins accounted to 60–80% and (-)-epigal-

locatechin gallate (EGCG) was reported as the most

abundant components. Furthermore, epigallocatechin-3-O-

(300-O-methyl)-gallate (EGCG300Me,) in tea have exhibited

significant health benefits (Fei et al. 2014; Zhang et al.

2013). Accordingly, tea polyphenols have attracted great

attentions for their potential applications in the prevention

and alleviation of human diseases (Pinto 2013).

In human gastrointestinal tract, the vast majority of

microbial residents play a critical role for themaintenance of

host health (Gill et al. 2006), and the disturbance of gut

microbiota is associated with metabolic syndromes (Turn-

baugh et al. 2009). The gut microbiota can balance the

nutrient acquisition and energy regulation by processing the

indigestible components from our daily diet (Consortium

HMP 2012). Tea polyphenols have exhibited multiple ben-

eficial effects in vitro; however, for the low bioavailability,

those absorbed directly by the small intestine are only a small

fraction, more than 90% are metabolized to simpler com-

pounds by the bacteria in the colon (Zhou et al. 2016), which

may positively affect intestinal micro-ecology.

In our previous studies, the modulatory effect of oolong

tea catechins on intestinal flora was investigated by high-

throughput sequencing, the decrease in the Firmicutes/

Bacteroidetes ratio indicated tea polyphenols may be used

as functional food components with potential therapeutic

utility in manipulating human intestinal microbiota (Cheng

et al. 2017). However, the prebiotic-like activity of

& Xin Zhang

zhangxin@nbu.edu.cn

1 Department of Preventive Medicine, School of Medicine,

Ningbo University, Ningbo 315211, People’s Republic of

China

2 Department of Food Science and Engineering, School of

Marine Sciences, Ningbo University, Ningbo 315211,

People’s Republic of China

3 Department of Agriculture and Biotechnology, Wenzhou

Vocational College of Science and Technology,

Wenzhou 325006, People’s Republic of China

123

J Food Sci Technol (January 2018) 55(1):399–407

https://doi.org/10.1007/s13197-017-2951-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-017-2951-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-017-2951-7&amp;domain=pdf
https://doi.org/10.1007/s13197-017-2951-7


different tea polyphenols need to be further studied.

Therefore, in the present study, we investigated the

transepithelial transport of polyphenols from different teas

through a Caco-2 cell monolayer model, a widely used

model for human intestinal drug absorption, and then the

effects of tea polyphenols on the composition of gut

microbiota and SCFA production were evaluated.

Materials and methods

Materials

Polyamide resin was purchased from Ocean Chemical

(Qingdao, China). Standards of EGCG and EGCG300Me

were prepared according to our reported methods (Zhang

et al. 2013). Pepsin, pancreatin, bile salt, penicillin and

streptomycin were purchased from Sigma Co. (St. Louis,

MO, USA). Fructo-oligosaccharides (FOS, [ 90%) were

purchased from Qibang Biological Co. (Shanghai, China).

All other chemicals and reagents were analytical grade.

Preparation of GTP, OTP and BTP

Green tea, oolong tea and black tea were purchased from a

local tea plantation in Ningbo, China. GTP, OTP and BTP

were prepared according to our reported method (Zhang

et al. 2013). Briefly, 100 g of tea powder was extracted

with 1600 mL of distilled water at 96 �C for 40 min. The

supernatants were concentrated and purified by a poly-

amide column. As results, the fractions containing tea

polyphenols were concentrated and lyophilized.

HPLC analysis and characterization of tea catechins

and their metabolites

The contents of tea catechins were determined by HPLC

(Agilent, CA, USA). The separation was achieved on a

TSKgel ODS-100Z column (4.6 9 150 mm, 5 lm, Tosoh,

Tokyo, Japan) (Zhang et al. 2014). The molecular weight

of the metabolites of tea catechins after anaerobic fer-

mentation was analyzed by ESI-MS/MS, which was per-

formed by TSQ Quantum Ultra triple quadrupole mass

spectrometer (Thermo Scientific) in positive mode (Zhang

et al. 2013).

Determination of the antioxidant activity

The DPPH and ABTS free radical scavenging activity was

determined according to the reported method (Stratil et al.

2006; Zhang et al. 2012), and it was expressed by IC50

value which is the concentration of samples required to

decrease the absorbance at 517, 734 nm by 50%,

respectively. The ability to reduce ferric ions was measured

by our previous reported method (Zhang et al. 2014).

In vitro cytotoxicity assay

Caco-2 cells were cultured in DMEM maintained in a

humidified incubator at 37 �C with 5% CO2. Cell viability

was measured by MTT assay with slightly modifications

(Zhang et al. 2014). Caco-2 cells were pipetted into 96-well

flat-bottom plate, after 12 h, non-adherent cells were

removed by washing with serum free culture medium.

Then fresh medium (100 lL/well, control group) or sam-

ples (100 lL/well, GTP, OTP and BTP at a final concen-

tration of 25, 50, 100 and 200 lg/mL) were added to each

well, and incubated for 24, 48 and 72 h, respectively. After

the incubation, the cell viability was measured by the MTT

assay and expressed by CTC50 values.

For the transport experiment, Caco-2 cells were seeded

on transwell polycarbonate insert filters in 12-well plates.

After seeding, cells were fed with culture medium in the

apical (AP) and basolateral sides (BL) (Willenberg et al.

2015). Firstly, PSPAs and PSPAs-PC samples at a final

concentration of PSPAs at 50 lg/mL was added to AP and

HBSS was added to BL. Then 20 lL of solution from BL

were withdrawn at 30, 60, 90, 120 min, respectively. For

the efflux study, both samples at the same concentration as

mentioned above were added to BL, which acted as the

donating side, while AP filled with HBSS worked as the

receiver chamber. The operation was opposite with the

above mentioned absorption procedure. The apparent per-

meability coefficient (Papp) was calculated according to:

Papp ¼
DC � V

Dt � C0 � A

where DC is the concentration (lg/mL) in the receiver

chamber, V is the volume of the receiver chamber (mL), Dt
is the duration of the transport experiment (s), C0 is the

initial concentration in the donor chamber (lg/mL), and A

is the surface area of filter (cm2), which is 4.67 cm2 in our

study. The drug was measured from AP ? BL and

BL ? AP, respectively. The efflux ratio (ER) was calcu-

lated according to:

ER ¼ Papp BL ! APð Þ
Papp AP ! BLð Þ

In vitro fermentation of tea polyphenols

Fecal samples were obtained from 6 healthy volunteers (3

females and 3 males, age 25–30) without antibiotic treat-

ment over the preceding 6 months and without gastroin-

testinal disorders. The fecal slurries were prepared by

mixing fresh fecal samples with autoclaved phosphate-
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buffered saline (PBS, 0.1 M, pH 7.2) to yield 10% (w/v)

suspensions. GTP, OTP, BTP and FOS (positive control)

were mixed with autoclaved nutrient basal growth medium

at a final concentration of 1% (w/v). Fermentation was

initiated by adding 150 lL of fecal slurry to 1350 lL of

culture medium with a manual homogenizer in an anaer-

obic atmosphere of 10% H2, 10% CO2 and 80% N2 at

37 �C (Zhang et al. 2013).

To investigate the structural changes of tea catechins

during the anaerobic fermentation in vitro, fermentation

was also initiated by adding 150 lL of fecal slurry to

1350 lL of culture medium containing EGCG and

EGCG300Me and incubated at 37 �C. Samples were taken

from the inoculum at 36 h for the identification of the

corresponding metabolites.

Enumeration of bacteria by fluorescent in situ

hybridization (FISH)

Briefly, culture samples (50 lL) were taken at 0, 12, 24 and
36 h, added to 150 lL of a filtered paraformaldehyde solu-

tion (4%, w/v), and fixed overnight at 4 �C. Hybridization
was performed using 16S rRNA-targeted oligonucleotide

probes labeled with cyanine dye-3 (Cy3) fluorescent dye to

enumerate specific bacterial groups (Zhang et al. 2013). An

Axio Imager A1 epifluorescence microscope was used to

count bacterial cells, which were expressed as log10 cells per

milliliter ± standard deviation (SD).

Determination of SCFA content

The content of SCFA was analyzed by an Agilent 1100

series HPLC system with a Beckman Ultrasphere column

(4.6 9 250 mm, 5 lm, Beckman Instruments Inc., Brea,

CA, USA) according to reported method (Li et al. 2015).

The concentrations of SCFA were calculated according to

calibration curves of respective authentic compounds,

including formic, acetic, propionic and butyric acids.

Statistical analysis

Data were analyzed by SPSS and expressed as mean ±

standard deviation (SD) for at least three replicates.

Significance was determined at P\ 0.05 by ANOVA

followed by Duncan’s multiple-comparison tests.

Results and discussion

Preparation of GTP, OTP and BTP

In the present study, GTP, OTP and BTP were prepared by

column chromatography according to our reported method.

As shown in Fig. 1, peaks 1–13 in the HPLC chro-

matogram of oolong tea infusion were identified. In addi-

tion, it was found that Ningbo oolong tea contained relative

high content of EGCG300Me, which amounted to

10.42 ± 0.47 mg/g (Table 1), while it was not detected in

green tea and black tea.

Antioxidant activity of GTP, OTP and BTP

At the range from 0.2 to 0.8 mg/mL, the scavenging

activity increased rapidly with the concentration, and GTP

showed the highest free radical scavenging activity with an

IC50 of 0.35 mg/mL, followed by OTP and BTP. The

antioxidant abilities determined by the ABTS method and

ferric ion reducing activities of GTP, OTP and BTP were

similar to the above results, GTP exhibited highest

antioxidant activity, and OTP exhibited considerably

higher activity than BTP. In our previous study, the

antioxidant activity of EGCG300Me is weaker than EGCG

in vitro, which may be related to the substitution of 3-OH

by methoxy group in D ring (Zhang et al. 2014). The

antioxidant capacity of tested tea is green tea[ oolong

tea[ black tea, which was consistent with the previous

study (Richelle et al. 2001). Unfermented tea showed the

best antioxidant capacity, while semi-fermented tea was

relatively better than fermented tea, which indicated that

the anti-oxidative property of tea is affected by the pro-

cessing technology.

Tea polyphenols accounted for more than one third of

the dry weight of tea. Tea catechins were the most bio-

logically active part of tea polyphenols, during the fer-

mentation, they were oxidized to quinones, and then

bisflavanol, thearubigen, theaflavin and other high molec-

ular substances were formed (Higdon and Frei 2003). With

the deepening of fermentation degree, the content of tea

catechins decreased rapidly. In this experiment, the

antioxidant capacity of tea and phenolic compounds were

significantly correlated, which consistent with previous

reports, indicating that the higher the degree of fermenta-

tion, the lower antioxidant capacity.

Transepithelial transport study

The intestinal absorption of each tea polyphenols was

investigated individually by Caco-2 transwell system. The

cytotoxicity of each sample was studied by in vitro cyto-

toxicity assay, the CTC50 value of GTP, OTP and BTP was

173, 164 and 166 lg/mL for 72 h, respectively, which

showed tea polyphenols we prepared had no cytotoxicity

for Caco-2 cell line in this study.

As shown in Table 2, the absorption (Papp (AP ? BL))

and excretion (Papp (BL ? AP)) of OTP and BTP were
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Fig. 1 Representative elution

profiles of tea catechins, gallic

acid, caffeine, theobromine and

theophylline from green tea (a),
oolong tea (b), black tea (c) (1
gallic acid, 2 (-)-gallocatechin

(GC), 3 theobromine, 4 EGC, 5

(-)-catechin (C), 6

theophylline, 7 EGCG, 8

caffeine, 9 EC, 10 (-)-

gallocatechin-3-gallate (GCG),

11 EGCG300Me, 12 ECG, 13

(-)-catechin gallate (CG))
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relatively higher than GTP. As the low efflux ratios would

result in high bioavailability, it revealed that of GTP was

relatively lower. Compounds which are completely absor-

bed in human intestine typically exhibit Papp values of

[ 70 9 10-6 cm/s in Caco-2 transwell system. Therefore

it could be concluded that tea polyphenols will unlikely to

be absorbed from human intestinal epithelium after dietary

intake. Several studies have been attempted to assess the

bioavailability of polyphenols, including the specific sites

where it exerts biological actions (Singh et al. 2011). The

low transport rate for tea polyphenols was confirmed in our

study, might be due to their instability at near neutral or

slightly alkaline conditions during intestinal digestion (Xie

et al. 2013). Moreover, catechins undergo metabolism by

phase II enzymes during the absorption across intestinal

epithelial cells, these derivatives are likely to show higher

biological activity in vivo (Huo et al. 2010). In our study,

although OTP and BTP showed relatively low antioxidant

activity, their bioavailability was relatively higher. For the

health effects of tea polyphenols, this crucial issue

encompasses dissolution, absorption, distribution and

disposition in target tissues, and numerous factors may

contribute to the variation of the metabolism of tea

polyphenols (Duda-Chodak et al. 2015).

Effect of GTP, OTP and BTP on bacterial

populations

The bacterial populations present during the fermentation

of different tea polyphenols were determined by FISH. As

shown in Table 3, the numbers of Bifidobacterium in broth

containing GTP, OTP and BTP gradually increased during

the fermentation, which was maintained for 36 h. Each tea

polyphenols samples exerted proliferative effects on Bifi-

dobacterium spp., moreover, OTP and BTP showed better

effects than GTP during the fermentation, and OTP showed

the best effect when cultivated for 24 and 36 h, followed

by BTP. For Lactobacillus/Enterococcus spp., tea

polyphenols samples also positively affect their

proliferation.

As shown in Table 3, Bacteroides–Prevotella and

Clostridium histolyticum in the cultures containing GTP,

OTP and BTP were lower than that of the control. FOS

showed the best inhibitory effect at each time point, but

there was no significant difference between different tea

polyphenols during the fermentation (P[ 0.05). When

cultivated for 36 h, tea polyphenols showed similar inhi-

bitory effects, which indicated that GTP, OTP and BTP can

effectively inhibit the proliferation of Bacteroides–Pre-

votella and Clostridium histolyticum in the gut.

Prebiotics can alter the composition of microbiota in

human gut, and protect against obesity-induced inflam-

mation (Chang et al. 2015). Dietary consumption of non-

digestible FOS has been confirmed to exert a positive

impact on bifidobacteria, and phenolic compounds in tea

may affect the relative abundance of different human

intestinal bacteria, including repressing potential patho-

gens, whereas selective promoting the growth of probiotics

(Kemperman et al. 2010; Tuohy et al. 2012). In our pre-

vious studies, the modulatory effect of EGCG300Me on

human intestinal microbiota in vivo was investigated by

high-throughput sequencing: the decrease in the Firmi-

cutes/Bacteroidetes ratio, which may be considered as a

representative parameter of health status, contributing to

the prevention of gut dysbiosis (Cheng et al. 2017).

Therefore, different strains of intestinal bacteria may have

varying degrees of sensitivity to tea polyphenols and their

metabolites, and tea polyphenols may exert modulatory

effects on intestinal environment by acting as metabolic

prebiotics.

HPLC chromatograms of changes of EGCG (A),

EGCG300Me (B) and their metabolites during the fermen-

tation was shown in Fig. 2. It can be seen that after 36 h of

anaerobic fermentation in vitro, the ester bonds of tea

Table 1 Contents of tea catechins, gallic acid, caffeine, theobromine

and theophylline in green tea, oolong tea and black tea

Components Green tea Oolong tea Black tea

Gallic acid 0.01 ± 0.00a 0.02 ± 0.00b 0.02 ± 0.00b

GC 3.46 ± 0.24c 2.55 ± 0.21a 3.08 ± 0.16b

Theobromine 0.35 ± 0.02c 0.23 ± 0.02a 0.28 ± 0.01b

EGC 19.01 ± 0.87c 16.62 ± 0.57a 17.61 ± 0.66b

C 0.54 ± 0.03c 0.35 ± 0.02a 0.47 ± 0.02b

Theophylline 0.01 ± 0.00a 0.01 ± 0.00a 0.01 ± 0.00a

EGCG 51.08 ± 3.27c 48.71 ± 2.64b 43.25 ± 3.03a

Caffeine 45.96 ± 3.36c 43.29 ± 4.06b 38.64 ± 2.65a

EC – 3.17 ± 0.24a 4.02 ± 0.22b

GCG 2.25 ± 0.16a 2.44 ± 0.18b 3.62 ± 0.23c

EGCG300Me – 10.42 ± 0.47a –

ECG 12.89 ± 0.86b 13.03 ± 0.97b 8.73 ± 0.65a

CG – 0.77 ± 0.38a –

Different lowercase letters indicate significant differences (P\ 0.05)

for each tea sample

Table 2 The bilateral Papp values of GTP, OTP and BTP and their

efflux ratios

Sample Papp (AP ? BL)

(910-6 cm/s)

Papp (BL ? AP)

(910-6 cm/s)

Efflux

ratio

GTP 0.31 ± 0.02a 0.86 ± 0.06a 2.77

OTP 0.46 ± 0.02b 0.94 ± 0.04b 2.04

BTP 0.47 ± 0.03b 0.97 ± 0.04b 2.06

Different lowercase letters indicate significant differences (P\ 0.05)

among different samples
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catechins were hydrolyzed by intestinal microbiota. The

corresponding metabolites of gallic acid and EGC were

produced from EGCG, while EGCG300Me was metabolized

to EGC and unknown compound X. Positive-mode MS

gave molecular ion signals at m/z 182.97 for [M ? H]?,

which indicated its molecular weight is 184, corresponding

to that of 3-O-Me gallic acid.

The bioconversion capacity of polyphenols has been

reported to be associated with Clostridia and Actinobac-

teria including Bifidobacterium and Eggertella spp., and

their degradation degree is significantly influenced by

individual variations in the composition of intestinal

microbiota (Selma et al. 2009; Velzen et al. 2014). Certain

intestinal bacteria can metabolize tea polyphenols to dif-

ferent aromatic metabolites, the majority of which have

shown the features to inhibit pathogens and promote the

growth of commensal anaerobes and probiotics, and those

released from one bacterial species would be freely avail-

able to be substrate for other bacterial species and further

metabolized (Kutschera et al. 2011). The microbiota in

human gut has extensive hydrolytic activities which can

increase the bioavailability of polyphenols when they reach

the colon, and breaks down them into smaller phenolic

acids. For the microbe-derived phenolic metabolites

excreted represented the largest part of intake, it indicated

that the amount of non-absorbable polyphenols reached the

colon is rather high (Monagas et al. 2010). Therefore,

attentions should be paid to colonic ring-fission products

and their contribution to the bioavailability of dietary

phytochemicals.

Effect of GTP, OTP and BTP on the production

of SCFA

As shown in Table 4, the production of SCFA was sig-

nificantly influenced by the presence of GTP, OTP and

BTP during the fermentation. The SCFA concentrations in

cultures containing tea polyphenols were significantly

increased and relatively higher than the control (P\ 0.05)

at each time. For FOS, it produced most abundant of formic

acid, acetic acid and butyric acid, however, the propionic

acid produced was the least.

The production of SCFA is influenced by diet and

intestinal microbiota dramatically (Zhang et al. 2016). It

has been reported that dietary polyphenols may cause the

variation in specific microorganism populations, whereas

microbial conversion of polyphenols affects other colonic

pathways and processes, such as SCFA production (Zhu

Table 3 Numbers (log10 cell/

mL) of Bifidobacterium and

Lactobacillus/Enterococcus

spp. and Bacteroides–Prevotella

and Clostridium histolyticum

groups in anaerobic

fermentation broth containing

GTP, OTP, BTP and FOS at 0,

12, 24 and 36 h

Probe type Sample Anaerobic fermentation time (h)

0 12 24 36

Bif 164 Control 8.03 ± 0.02A 8.17 ± 0.02a,B 8.22 ± 0.02a,C 8.25 ± 0.02a,D

FOS 8.46 ± 0.03d,B 8.58 ± 0.03e,C 8.71 ± 0.02e,D

GTP 8.23 ± 0.03b,B 8.40 ± 0.03b,C 8.46 ± 0.03b,D

OTP 8.28 ± 0.02c,B 8.47 ± 0.02d,C 8.55 ± 0.02d,D

BTP 8.27 ± 0.02c,B 8.44 ± 0.01c,C 8.52 ± 0.02c,D

Lab 158 Control 7.91 ± 0.02A 8.02 ± 0.03a,B 8.13 ± 0.02a,C 8.18 ± 0.03a,C

FOS 8.26 ± 0.02c,B 8.44 ± 0.01e,C 8.68 ± 0.02e,D

GTP 8.18 ± 0.02b,B 8.27 ± 0.01b,C 8.43 ± 0.03b,D

OTP 8.19 ± 0.02b,B 8.39 ± 0.02d,C 8.56 ± 0.03d,D

BTP 8.19 ± 0.01b,B 8.35 ± 0.03c,C 8.50 ± 0.02c,D

Bac 303 Control 7.43 ± 0.02A 7.84 ± 0.02a,B 8.02 ± 0.02a,C 8.19 ± 0.02a,D

FOS 7.62 ± 0.02c,B 7.71 ± 0.03c,C 7.76 ± 0.02e,D

GTP 7.67 ± 0.03b,B 7.79 ± 0.03b,C 7.88 ± 0.03e,C

OTP 7.68 ± 0.02b,B 7.79 ± 0.03b,C 7.88 ± 0.03e,C

BTP 7.67 ± 0.02b,B 7.77 ± 0.03b,C 7.87 ± 0.03e,C

His 150 Control 7.31 ± 0.02A 7.53 ± 0.02a,A 7.72 ± 0.02a,A 7.98 ± 0.03a,C

FOS 7.38 ± 0.03c,B 7.46 ± 0.02c,C 7.51 ± 0.02c,D

GTP 7.43 ± 0.03b,B 7.53 ± 0.02b,B 7.65 ± 0.03b,B

OTP 7.44 ± 0.02b,B 7.55 ± 0.03b,B 7.66 ± 0.02b,B

BTP 7.44 ± 0.02b,B 7.55 ± 0.02b,B 7.65 ± 0.02b,B

Different lowercase letters indicate significant differences (P\ 0.05) in the total number of bacteria (i.e.,

within column) among different compounds. Different capital letters indicate significant differences

(P\ 0.05) in the total number of bacteria (i.e., within line) among different time points
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et al. 2013). The concentrations of formic and propionic

acids increased significantly in cultures containing GTP,

OTP and BTP. Formic acid is the end product of the

reaction in which pyruvate is converted to formic acid, and

high concentration of propionate in the colon has great

potential for hypocholesterolemia prevention (Kang et al.

2000). In addition, Bacteroides–Prevotella is a dominant

group of intestinal microbial communities and is the known

producer of propionic acid (Gullón et al. 2014), and the

results were consistent with our results about the variation

of intestinal microbiota population. In our experiment,

acetic acid was in the greatest proportion for all treatment.

Some SCFA including acetic acid could stimulate the

secretion of mucin, and transported to other body sites for

further utilization (Wong et al. 2006). The high level of

acetic acid may be correlated with metabolic activities of

Bifidobacterium and Lactobacillus (Sanz et al. 2005a, b),

which was also consistent with the results of intestinal

microbiota. The production of butyric acid was correlated

with the transformation of other bacterial metabolites

(Dominika et al. 2011). It has been reported acetic and

butyric acids were produced by almost all intestinal bac-

teria, acetic acid was considered typical fermentation end-

products of the bifidus pathway, whereas butyric acid was a

major product of Clostridia and Eubacteria (Sanz et al.

2005a, b). Increased production of SCFA in the gut is

considered desirable as acidifying the colonic environment

can promote absorption of minerals and protect against

pathogenic bacteria; therefore, tea polyphenols might be

beneficial for gut ecosystems.

Conclusion

The present study indicated that tea polyphenols including

GTP, OTP and BTP could significantly increase the Bifi-

dobacterium and Lactobacillus–Enterococcus spp. and

SCFA production, while restrained the proliferation of

Bacteroides–Prevotella and Clostridium histolyticum

groups. Therefore, the consumption of tea rich in

polyphenols may be beneficial for intestinal microecology

and contribute to host health. The bioavailability and

effects of polyphenols greatly depend on their transfor-

mation in the gut, and the modulatory effect of tea

polyphenols on intestinal microbiota was also explored to

understand the two-way interaction. In particular, the

Fig. 2 HPLC chromatograms showing changes of EGCG (a), EGCG300Me (b) and their metabolites during the fermentation
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health benefits of tea polyphenols may be attributed to their

bioactive metabolites and the modulatory effect of human

intestinal microbiota.
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