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Chun Mee tea is a kind of green tea produced in China mainly for export purposes. Foam

quantity is usually used as an index for evaluating the quality of Chun Mee tea. In the

current study, we compared the concentrations of total saponin and flavonoids between

foamy and low-foam Chun Mee tea. Our research confirmed that the total saponin and O-

glycosylated flavonoid concentrations were related to the foam quantity of Chun Mee teas.

We also studied the short-term safety effects of extract supplementation with foamy and

low-foam Chun Mee tea in rats by routine blood tests and analysis of liver and kidney

function, and blood lipids. Our results showed that both types of tea extract supplemen-

tations did not cause any observable adverse effects or impair either liver or kidney

function. Additionally, this study confirmed the beneficial effects of Chun Mee tea extract

supplementation on the decrease of total plasma cholesterol.

Copyright © 2014, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC.  
Open access under CC BY-NC-ND license.
1. Introduction

Tea [Camellia sinensis (L.) O. Kuntze] is an important com-

mercial produce consumed worldwide, primarily as a

beverage, which ismade from processed leaves. ChunMee tea

has uniquely shaped leaves, with each leaf shaped like an

eyebrow (the term “Chun Mee” means eyebrow in Chinese).

Today, Chun Mee tea is one of the widely exported Chinese

green teas, mainly transported to Africa and the Middle East.

Chun Mee tea is known for its sweetness and smoothness.
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The foam quality (the quantity and size of foam) is used as a

parameter for evaluating the quality of this tea. In West Af-

rican countries, including Senegal, Gambia, and Mauritania,

Chun Mee tea is boiled with mint leaves and sugar. The boiled

tea water is then poured back and forth from a glass to a

teapot several times, because of which the tea becomes

foamy. A thicker foam indicates better quality tea. For

example, the market price of 41022 (high-foam Chun Mee tea,

US dollars 4.17/kg in China) is 47.35% higher than that of 9371

(low-foam Chun Mee tea, US dollars 2.83/kg).
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Tea flavonoids, especially epigallocatechin gallate, are the

main functional components and constitute over 10%of thedry

weight of green tea [1]. Laboratory studies demonstrated inhi-

bition of tumorigenesis in different animal models by tea and

tea polyphenols [2,3]. Some epidemiological studies have sug-

gested that consumption of black or green tea has a potentially

protective effect against cancers of the lung [4,5], breast [6],

gastric tract [7], and prostate [8] in humans. In addition, sapo-

nins constitute an important group of glycosides mainly func-

tioning as surface-active and foaming agents inplants [9].Many

pharmacological activities have been attributed to saponins,

including hypotensive [10] and antibiotic [11] effects. However,

ingestion of high concentrations of saponins can cause cyto-

toxicity and hemolysis [12]. It is necessary to determine the

potential effects of drinking foamy Chun Mee tea.

Previously, we used the liquid chromatographyemass

spectrometry method to determine the concentrations of

catechins, flavonols, and phenolic acids in tea leaves [13]. The

present study focuses on analyzing the quantitative compo-

sition of flavonoids and the total saponin concentration in

Chun Mee teas, and particularly the differences in these as-

pects between foamy and low-foam tea. The precise short-

term effects of exposure to different Chun Mee teas, as

measured by routine blood tests and analysis of liver and

kidney function, have, to our knowledge, not been previously

examined. The results of this study will be useful for further

elucidating the chemical composition of the foam of Chun

Mee tea and for quantitatively estimating the risk of drinking

foamy Chun Mee tea.
2. Materials and methods

2.1. Materials and standard chemicals

Foamy Chun Mee tea (41022) and low-foam Chun Mee tea

(9371) were obtained from Shitai Rixing Tea Co. (Shitai, Anhui,

China). Compounds such as (þ)-catechin, (þ)-gallocatechin,

(�)-epicatechin, (�)-epigallocatechin, (�)-epicatechin 3-O-

gallate, (�)-epigallocatechin 3-O-gallate, gallic acid, and b-

glucogallin were obtained from Shanghai RongHe Pharma-

ceutical Co. (Shanghai, China). Myricetin 3-O-glucoside,

quercetin 3-O-glucoside, and kaempferol were purchased

from Sigma Chemicals Co. (St Louis, MO, USA). High-

performance liquid chromatography (HPLC)-grade methanol,

acetonitrile, and formic acid were purchased from Shanghai

GuoMei Pharmaceutical Co. (Shanghai, China). HPLC-grade

water was prepared from distilled water using a Milli-Q sys-

tem (Millipore Laboratory, Bedford, MA, USA).

2.2. Analysis of catechins, flavonols, phenolic acids, and
saponins in Chun Mee tea

Chun Mee tea samples were ground to a fine powder in liquid

nitrogen. Thepowdered samples (1 g)were extractedwith5mL

methanol by sonication at r oom temperature for 10 minutes,

followed by centrifugation at 4000g for 15 minutes. The resi-

dues were extracted twice by this method. The supernatants

were then filtered through a 0.22 mm membrane. Catechins,

flavonols, and phenolic acids were analyzed by HPLC.
All samples were separated on a Phenomenex Synergi 4u

Fusion-RP80 column (5 mm, 250 � 4.6 mm2) with detection at

280 nm and 345 nm using an HPLC-UV detector (Waters 2478;

Waters Instruments, Minneapolis, USA). The mobile phase

consisted of 1% acetic acid in water (A) and 100% acetonitrile

(B). The gradient increased linearly from 0% B to 10% B (v/v) at

10minutes, 13% B at 30minutes, 16% B at 65minutes, 33% B at

81minutes, and 90% B at 85minutes, and stayed at 90% B at 90

minutes. Peaks were identified andmeasured according to the

method of Wang et al [13]. All samples were run in triplicate

for both quantitation andmultivariate statistical analysis. The

concentration of total saponins was determined according to

the spectrophotometry method of vanillinesulfuric acid [14].

Saponin amounts were determined by measuring absorbance

at 430 nm, based on the color reactions with anisaldehyde,

sulfuric acid, and ethyl acetate.
2.3. Animals and treatment

The tea samples (1 kg) were extracted with 5 L of water by

sonication at 80�C for 1 hour. The extracts were then filtered

with a quantitative filter paper. Spray-dried powders were

prepared using a BUCHI spray dryer (Buchi Co., Oldham, UK).

Solutions of dry powders (1 g/L) were prepared for intragastric

administration to rats.

SpragueeDawley male (190e240 g) and female (170e220 g)

rats were obtained from the Center of Laboratory Animals of

Anhui province, China (Grade II, SCXK: 2011-002). Rats were

given normal chow diet andwater ad libitum, andwere housed

under standard conditions of 12 h/light:12 h/dark. Four rats

were housed per cage for the chronic toxicity study. All pro-

tocols were approved by the committee for care and use of

laboratory animals at AnhuiMedical University, Anhui, China.

After an acclimatization period, the rats were randomly

assigned to the control group, low-foam tea group, and foamy

tea group (8 animals, 4 female and 4 male, in each group). The

rats in the tea groups were orally administered spray powders

of low-foam tea and foamy tea at a dose of 50 mg/kg body

weight, once per day, 6 days per week, for 13 weeks. The rats

in the control group were administered water in the same

quantities. The rats were weighed prior to the initiation of

treatment, and then weekly for the next 13 weeks.

For the final administration, food was removed overnight

from the rats. The animals were anesthetized with 10%

chloral hydrate (3.0 mL/kg) and killed by bleeding, and the

bloodwas collected for subsequent routine tests. An aliquot of

the blood was also used for hematological examination. The

remainder of the bloodwas allowed to clot, and the serumwas

collected. The following parameters were analyzed: white

blood cell count, red blood cell count, hemoglobin, hematocrit,

mean corpuscular volume, mean corpuscular hemoglobin

concentration, differential blood count, alkaline phosphatase,

alanine aminotransferase, aspartate aminotransferase,

glucose, chloride, calcium, sodium, potassium, blood pH,

blood urea nitrogen, creatinine, total proteins, albumin,

globulin, triglycerides, and cholesterol. At necropsy, weights

of the testes, ovaries, kidneys, liver, heart, lung, adrenals,

brain, spleen, and thymus were determined. The relative

organ weight (weight per 100 g body weight) was calculated.

http://dx.doi.org/10.1016/j.jfda.2014.07.008
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2.4. Statistical analysis

Statistical differences were analyzed using one-way analysis

of variance. Student t test was used to determine significant

differences between the groups. Results are expressed as the

mean ± standard error of the mean; differences were

considered statistically significant at a value of p < 0.05.
3. Results and discussion

3.1. Analyses of flavonoid and saponin concentrations in
Chun Mee teas

The shapes and total amounts of foam were notably different

between the two tea samples. As shown in Fig. 1A, 41022 had a

thicker foam than 9371. Results showed that the concentra-

tion of total saponins was notably higher in 41022 than in

9371, with the former having 10.26% more saponins than the

latter (Table 1). HPLC methods were applied to determine the

flavonoid compounds in the tea leaves (Fig. 1B). Peak identi-

fication was based on comparison with standards and pub-

lished data [13]. As shown in Table 1, Chun Mee tea had the

highest amount of flavan-3-ols (catechins), accounting for 19%

of the dry weight. However, there was no significant differ-

ence in catechins and phenolic acids between 41022 and 9371

(p ¼ 0.514 and p ¼ 0.202, respectively). As with saponin, the

concentration of O-glycosylated flavonoid was higher in 41022

(by 15.93%) than in 9371. Chemical evaluation studies of lico-

rice roots involving quantitative analyses of saponin and O-

glycosylated flavonoid constituents also showed that these

constituents were affected simultaneously [15]. Glycosylation
Fig. 1 e Comparison of the shape, foam amount, and HPLC chro

amount of Chun Mee tea. (B and C) Representative HPLC chrom

HPLC ¼ high-performance liquid chromatography.
of flavonoids reduced the 1,1-diphenyl-2-picrylhydrazyl

radical 2,2-diphenyl-1-(2,4,6-trinitrophenyl) hydrazyl (DPPH)

free radical scavenging potential [16]. However, glycosylation

can decrease the inhibitory potential against inflammation,

renal failure, aging, and especially antidiabetes [17]. Wang

et al [18] illustrated the glycosylation of flavonoids can

significantly reduce the binding constants for bovine serum

albumin (BSA).

3.2. Effect of Chun Mee tea on body weight and relative
organ weights

In the present study, the administered dose of tea was

approximately similar to the estimated mean daily intake of

catechins in the UK [19]. There was no treatment-related

mortality in this study, and body weight was measured

weekly. The results did not show any biologically or toxico-

logically significant differences in the mean body weights

between the control and the treated animals of the same sex

at any time point (data not shown). Further, there were no

significant differences in the relative organ weights of testes,

ovaries, kidneys, liver, heart, lung, adrenals, brain, spleen, and

thymus between the treatment and the control groups (Table

2).

3.3. Effect of Chun Mee tea extract on routine blood and
electrolytes indexes in rats

The rats were treated orally with low-foam tea and foamy tea

at doses of 50 mg/kg once per day for a period of 13 weeks.

Routine blood examinations were performed after the final

treatment day. Results from the routine blood tests showed
matogram of different Chun Mee teas. (A) Shape and foam

atograms registered at 280 nm and 345 nm, respectively.
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Table 1 e Concentrations of flavonoids and saponins in Chun Mee tea.a

Compoundb 9371 (low-foam tea) 41022 (foamy tea)

Saponins* (p < 0.005) 15.279 ± 0.205 16.847 ± 0.082

Flavan-3-ols (p ¼ 0.514)

Gallocatechin (4) 2.337 ± 0.417 2.536 ± 2.149

Epigallocatechin (5) 63.244 ± 8.004 62.680 ± 4.645

Catechin (6) 0.220 ± 0.112 0.163 ± 0.057

Epicatechin (7) 5.152 ± 0.825 4.893 ± 0.386

Epigallocatechin gallate (9) 44.769 ± 8.086 46.210 ± 3.812

Epicatechin gallate (10) 11.863 ± 2.141 11.765 ± 1.421

Total 187.034 ± 19.064 188.193 ± 12.328

Phenolic acids (p ¼ 0.202)

b-Glucogallin (1) 0.639 ± 0.089 0.606 ± 0.770

Galloyl acid (2) 0.941 ± 0.258 0.838 ± 0.131

Galloylquinic acid* (3) 0.993 ± 0.100 1.339 ± 0.153

p-Coumaroylquinic acid (8) 0.752 ± 0.164 0.622 ± 0.732

Total 4.866 ± 0.515 4.986 ± 0.138

O-glycosylated flavonols* (p < 0.005)

Myricetin 3-O-galactoside or glucoside (11) 2.079 ± 0.294 2.195 ± 0.155

Myricetin 3-O-galactoside or glucoside (12) 1.641 ± 0.276 1.812 ± 0.139

Quercetin 3-O-glucosylrutinoside or galactosylrutinoside* (13) 1.198 ± 0.153 1.347 ± 0.088

Quercetin 3-O-glucosylrutinoside or galactosylrutinoside (14) 4.376 ± 0.590 4.738 ± 0.457

Quercetin 3-O-dirhamnosylglucoside or kaempferol 3-O-galactosylrutinoside* (15) 2.933 ± 0.438 3.509 ± 0.254

Quercetin 3-O-dirhamnosylglucoside or kaempferol 3-O-galactosylrutinoside* (16) 0.557 ± 0.101 0.966 ± 0.141

Kaempferol 3-O-galactoside or glucoside (17) 3.535 ± 0.452 3.811 ± 0.790

6,8-C-Diglucosylapigenin or kaempferol 3-O-rhamnosylgalactoside* (18) 1.007 ± 0.009 1.464 ± 0.055

Quercetin 3-O-rhamnoside or kaempferol* (19) 0.643 ± 0.112 0.893 ± 0.059

Total 17.969 ± 1.470 20.735 ± 1.702

* Significant correlation (p < 0.05).

DW ¼ dry weight; SEM ¼ standard error of the mean.
a mg/g DW, means ± SEM of duplicate assays.
b The number of every compound corresponds to the peak number in Fig. 1.
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that the hemoglobin concentration was significantly

increased in both the foamy tea and low-foam tea groups

(p < 0.01). It has been reported that tea drinking reduces iron

absorption from the gut in healthy adults [20,21] and in pa-

tients with thalassemia [22]. By contrast, our results showed

that consumption of both types of tea extracts led to a sig-

nificant increase in hemoglobin concentration. Disler et al [21]

inferred that drinking tea with meals may contribute to the

pathogenesis of iron deficiency if the diet consists largely of

vegetable products. In the present study, both the Chun Mee
Table 2 e Effect of Chun Mee tea extract on the relative
organ weight in rats.

Organ (g) Control 9371
(little foam tea)

41022
(foam tea)

Heart 0.293 ± 0.032 0.283 ± 0.035 0.305 ± 0.034

Liver 2.653 ± 0.369 2.564 ± 0.282 2.547 ± 0.273

Spleen 0.274 ± 0.051 0.227 ± 0.041 0.220 ± 0.051

Lung 0.500 ± 0.089 0.451 ± 0.080 0.849 ± 0.885

Kidney 0.248 ± 0.044 0.259 ± 0.021 0.267 ± 0.027

Adrenal 0.012 ± 0.006 0.009 ± 0.004 0.011 ± 0.002

Thymus 0.091 ± 0.019 0.089 ± 0.031 0.080 ± 0.034

Brain 0.360 ± 0.075 0.384 ± 0.072 0.389 ± 0.068

Ovary (female) 0.034 ± 0.003 0.032 ± 0.007 0.039 ± 0.004

Testis (male) 0.387 ± 0.011 0.284 ± 0.103 0.384 ± 0.029

Data are presented as mean ± SEM; for ovary and testis, n ¼ 4; for

the other organs, n ¼ 8.

SEM ¼ standard error of the mean.
teas were administered (intragastric administration) at

9:00e10:00 AM, without affecting iron absorption. The mech-

anisms of how the ChunMee teas contribute to the increase in

hemoglobin concentration remain unknown.

Tables 3 and 4 show that no significant abnormality was

observed in other routine blood parameters (including white

blood cell count, red blood cell count, and platelets) and

electrolyte parameters (including potassium, sodium, chlo-

ride, and calcium) in treated rats compared with the control

group.
3.4. Effects of Chun Mee tea extract on liver and kidney
function and blood lipid in rats

Liver function, as assessed by the alanine aminotransferase

and aspartate aminotransferase levels, total protein, albumin,

and total bilirubin, of rats treated with foamy and low-foam

tea extracts did not differ from the levels observed for con-

trol rats (Table 5). Kidney function was assessed bymeasuring

the urea nitrogen and creatinine levels. The results showed

that there was no significant difference in creatinine levels

between the treated and control groups. However, both types

of tea resulted in a significant increase of urea nitrogen,

although the increase was within normal levels [23].

Our results, similar to other studies [24], showed that both

low-foam tea and foamy tea induced a significant decrease of

plasma total cholesterol in rats. An epidemiological study

revealed that compared to no tea consumption, habitual green

http://dx.doi.org/10.1016/j.jfda.2014.07.008
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Table 3 e Effect of Chun Mee tea extract on routine blood indexes in rats.

Parameters Control 9371 (little foam tea) 41022 (foam tea)

WBC (109/L) 8.36 ± 2.54 6.98 ± 1.98 7.88 ± 1.21

Lymphocytes (109/L) 4.24 ± 1.18 3.90 ± 1.45 3.83 ± 0.89

Monocytes (109/L) 0.41 ± 0.16 0.34 ± 0.19 0.34 ± 0.11

Lymphocytes (%) 52.38 ± 9.96 55.73 ± 8.10 48.29 ± 8.46

Monocytes (%) 4.99 ± 0.86 4.71 ± 1.73 4.90 ± 0.65

RBC (1012/L) 12.60 ± 1.42 12.44 ± 1.76 14.09 ± 1.51

MCV (fL) 54.93 ± 2.94 57.48 ± 2.14 53.90 ± 1.86

Hematocrit (L/L) 69.19 ± 9.02 71.48 ± 10.72 75.90 ± 7.83

Hemoglobin (g/L) 139.88 ± 9.06 160.50 ± 15.63* 162.75 ± 13.20*

Platelets (109/L) 279.00 ± 175.49 143.25 ± 59.72 251.63 ± 135.90

Mean platelets volume (fL) 8.21 ± 0.99 8.39 ± 0.94 9.36 ± 1.56

Data are presented as mean ± SEM; n ¼ 8.

*p < 0.01, compared with the control group.

MCV ¼ mean corpuscular volume; RBC ¼ red blood cell count; SEM ¼ standard error of the mean; WBC ¼ white blood cell count.

Table 4 e Effect of Chun Mee tea extract on electrolytes in
rats.

Electrolytes Control 9371
(little foam tea)

41022
(foam tea)

Potassium

(mmol/L)

1.50 ± 0.43 1.43 ± 0.46 1.54 ± 0.59

Sodium

(mmol/L)

137.15 ± 1.30 138.94 ± 3.21 138.10 ± 3.64

Chloride

(mmol/L)

104.69 ± 2.11 107.05 ± 3.16 106.98 ± 2.33

Calcium

(mmol/L)

0.95 ± 0.09 0.98 ± 0.10 0.87 ± 0.24

Data are presented as mean ± standard error; n ¼ 8.
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tea consumption was associated with a lower risk of death

from cardiovascular disease [25]. The beneficial effects of

green tea on cardiovascular health may be due to the high

concentration of green tea catechins, which have been proved

to modulate the plasma lipid profile favorably. In animal ex-

periments, catechins with gallate esters were shown to in-

fluence the biliary micelle system in the intestine by forming

insoluble coprecipitates of cholesterol and increasing the fecal

excretion of cholesterol [26]. In addition, Singh et al [27]
Table 5 e Effect of Chun Mee tea extract on liver and kidney fu

Parameters Control

ALT (U/L) 33.25 ± 8.38

AST (U/L) 99.25 ± 22.83

Total proteins (g/L) 70.09 ± 3.32

Albumin (g/L) 33.30 ± 2.56

Total bilirubin (%) 24.46 ± 0.18

Alkaline phosphatase (U/L) 6.63 ± 3.07

Glucose (mmol/L) 8.06 ± 0.75

Urea nitrogen (mmol/L) 5.26 ± 0.54

Creatinine (mmol/L) 2174.50 ± 17.02

Total cholesterol (mg/dL) 1.34 ± 0.22

Triglyceride (mmol/L) 1.04 ± 0.21

Data are presented as mean ± standard error of the mean; n ¼ 8.

*p < 0.05.

**p < 0.01, compared with the control group.

ALT ¼ alanine aminotransferase; AST ¼ aspartate aminotransferase.
further demonstrated that green and black tea extracts are

potent and selective inhibitors of HMG-CoA reductase, which

is likely a rate-limiting enzyme in cholesterol biosynthesis.

Studies on healthy humans have shown that green tea

supplementation does not have significant effects on plasma

glucose and urea nitrogen [28]; however, our results showed

that low-foam Chun Mee tea significantly increased plasma

glucose levels such that they fell within the normal range.

Further, both low-foam and foamy tea extracts significantly

increased the plasma urea nitrogen concentration within the

normal range. We confirmed that daily consumption of green

tea does not affect plasma glucose and urea nitrogen in

healthy people. However, further study is required to examine

the effects of daily consumption of Chun Mee tea on plasma

glucose and urea nitrogen in diabetics and nephrotics.
4. Conclusion

We have analyzed the quantitative composition of flavonoids

and the total saponin concentration in Chun Mee teas. Our

research confirmed that the saponins and O-glycosylated fla-

vonoids were related to the foam quantity of Chun Mee teas.

Concentrations of total saponins and O-glycosylated flavonols
nction and blood lipid in rats.

9371 (little foam tea) 41022 (foam tea)

30.63 ± 5.95 28.38 ± 3.54

87.63 ± 23.00 85.88 ± 16.53

72.43 ± 4.02 69.80 ± 5.94

34.96 ± 3.70 34.34 ± 4.77

24.26 ± 0.24 24.76 ± 0.36

7.50 ± 5.15 7.38 ± 6.67

9.59 ± 1.53* 9.04 ± 1.37

6.71 ± 0.83** 6.26 ± 1.13*

2171.25 ± 22.80 2185.13 ± 18.18

1.06 ± 0.11** 1.03 ± 0.20*

1.01 ± 0.23 1.22 ± 0.41
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in 41022were higher than those in 9371, by 10.26% and 15.93%,

respectively.We further studied the subchronic effects of low-

foam tea and foamy Chun Mee tea extracts on hematologic

parameters in rats. The results showed that both types of tea

extract supplementations did not cause adverse effects or

impair liver andkidney function in rats. The studyalso showed

the beneficial effects of ChunMee tea extract supplementation

such as decreasing plasma total cholesterol, which contrib-

uted to a reduction in cardiovascular risk factors.
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