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Abstract

Background: Sichuan Dark Tea is a popular beverage with hypolipidemic and lifting greasy properties in the minority
neighborhoods of Sichuan and Tibet regions. The theabrownin, an important pigment of dark tea, has been proven for the role of the
hypolipidemic property in Sichuan Dark Tea. The objective of the study investigated the extraction process of theabrownin.
Materials and Methods: Theabrownin was extracted from Sichuan Dark Tea with water and organic solvents. The quadratic
regression orthogonally rotational combinational design experiment was performed to obtain the optimal extraction parameters.
Results: The extraction yield of theabrownin was significantly influenced by both water extraction temperature and solid-liquid ratio,
and the contribution of these factors on theabrownin yield was as follows: water temperature > solid-liquid ratio > organic solvent
temperature. Moreover, the polynomial regression model established could predict the experimental value accurately.

Conclusion: The optimum extraction process of theabrownin from Sichuan Dark Tea was established, which water temperature at
65.69-77.88°C, organic solvent temperature at 13.65-17.48°C and a solid-liquid ratio of 1:43.58-1:50.75(g/mL).
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Introduction

Sichuan Dark Tea (SDT) is a popular beverage and folk medicine for the ethnic groups living in the regions of Sichuan and
Tibet (Li & Li, 2007). It is processed from the rough old leaves of Camellia sinensis, and various kinds of microorganisms have
played an important role in the production (Xu, 2010; Wen et al., 2015). Recently, more and more attentions have been paid on the
physiological functions of dark tea. The hypolipidemic and lifting greasy properties of dark tea have been confirmed (Kuo et al.,
2005; Ling et al., 2010; Selena et al., 2010; Fu et al., 2011). As one of the representatives of Chinese dark tea, SDT is also
considered as a main source of hypolipidemic active substance (Li & Li, 2007; Bian et al., 2015). Jiang (2007) and Xu (2010)
reported that the hypolipidemic property of SDT practically arises from the bioactive component named theabrownin (TB), a kind of
material with high molecular weight and complex composition (Wang et al.,2011;Gong et al., 2012;Tan et al.,2012). TB is an
oxidation product of catechins, and it contributes to the color of tea liquor and dried tea leaves. Theabrownin was firstly named by
Ruan (1983). In black tea liquor, the total content of TB is 4 to 9% (w/w), but in the dark tea liquor this value will be higher (Gong et
al., 2012). Nowadays, a lot of studies have suggested that TB perhaps is the main bioactive component resulting in the significant
blood lipid-lowering effect of dark tea (Gong et al., 2010). The extraction parameters can significantly affect the quality and quantity
of TB. However, few scholars have systematically studied on these parameters so far.

The objectives of this study were: (1) to find out the optimal extraction conditions of TB using a quadratic regression
orthogonally rotational combinational design (Xu, 1997); (2) to evaluate the effects of the extraction temperature of water and

organic solvent, the liquid-solid ratio and their interactions on the extraction yield of theabrownin.
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Materials and Methods
SDT Sample and Regents

Sichuan Dark Tea was purchased from Ya’an tea Co., Ltd. (Ya’an, Sichuan province, People’s Republic of China). Sample
powder was prepared by pulverizing and passing SDT through a 40-mesh sieve. N-butyl alcohol, chloroform and ethyl acetate were
purchased from Kelong Chemical Reagent Co., Ltd. (Chengdu, China) and they were the analytical reagent grade.

Extraction of Theabrownin

The method of quadratic regression orthogonally rotational combinational design was used to find the optimal extraction

parameters of TB. The factors and levels of design were showed in table 1.

Table 1: Factors and levels of quadratic regression orthogonally rotational combinational design

. Temperature 1 Temperature 2 Solid - liquid ratio
coding Level
(X1) °C (X2)°C (X3)g/mL
-1.6818 50 5 1:10
-1 60 9 1:20
0 75 15 1:35
1 90 21 1:50
1.6818 100 25 1:60

Note: temperature 1 was the water extraction temperature; Temperature 2 was the organic solvent extraction temperature.

The extraction and separation process of TB was as follows: SDT powder was extracted with distilled water 3 times —filtered
under vacuum —concentrated under vacuum at 60°C(rotary evaporator RE-3000B, Shanghai Yarong Biochemistry Instrument Factory,
Shanghai, China)—extracted with n-butyl alcohol —aqueous solution layer —extracted with chloroform 3 times —aqueous solution
layer —extracted with ethyl acetate at the equal volume 3 times —aqueous solution layer —concentrated under vacuum at
60°C—dried to constant weight under vacuumat60°C(VVacuum oven DZF-6050B, Shanghai PUREDU Biochemical Technology Co.,
Ltd., Shanghai, China)—>TB(weighted with Sartorius electronic balanceBSA224S-CW (Sartorius Scientific Instruments (Beijing) Co.,
Ltd., Beijing, China).

The experiments were performed in triplicate. All the data was analyzed using Minitab 15.0(State College, PA, US).

Results
Establishment and Test of the Quadratic Regression Model

The experimental design and results are shown in Table 2 and the results of variance analyses are presented in Table 3.
According to that, a regression model (Eq. (1)) was established by selecting the parameters at a significant level of p<0.05. The testing
lose effectiveness of fit of the regression was not significant F1=3.273 (Foos . 8) =3.69), but the significance test was very significant
F2=27.730 (Fo.1(9,13=4.19) , which indicated that the regression model established was suitable. The tested value was consistent with
the predicted value perfectly. Additionally, the optimized model (Eq. (2)) was obtained by removing the insignificant factors (o= 0.1)
after significance test of the regression coefficient.

Y=8.55743-0.49772X1+0.07695X2+0.89578X3-0.31554X12-0.26958X22+0.09812X32-0.80750X1X2-0.10250X1X3-0.03000X2X3 (1)
Y=8.55743-0.49772X1+0.89578X3-0.31554X1%-0.26958 X22-0.80750X1 X2 (2)

Analysis of the Single Factor Effect
The individual effects of water temperature, organic solvent temperature and solid-liquid ratio on the TB extraction yield were

investigated individually in the condition that the other factors were at zero level. It was found that TB extraction yield was
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significantly influenced by water extraction temperature and solid-liquid ratio (p< 0.0001, Table 3). Fig.1 shows that TB extraction

yield increased with the increasing of water extraction temperature and solid-liquid ratio level. However within the testing range, TB

extraction yield was less affected by the organic solvent extraction temperature.

Figurel: Effect of the factors on TB extraction yield

Table 2: Quadratic regression orthogonally rotational combinational design and experimental results

Experimental scheme

Run X1 X2 X3 v Y
1 1 1 1 7.53 7.61
2 1 1 -1 6.51 6.08
3 1 -1 1 9.53 9.13
4 1 -1 -1 7.45 7.48
5 -1 1 1 10.67 10.42
6 -1 1 -1 8.3 8.48
7 -1 -1 1 8.5 8.71
8 -1 -1 -1 6.95 6.66
9 -1.6818 0 0 8.52 8.50
10 1.6818 0 0 6.5 6.83
11 0 -1.6818 0 7.5 7.67
12 0 1.6818 0 7.78 7.92
13 0 0 -1.6818 7.13 7.33
14 0 0 1.6818 10.23 10.34
15 0 0 0 8.73 8.56
16 0 0 0 8.42 8.56
17 0 0 0 8.13 8.56
18 0 0 0 8.74 8.56
19 0 0 0 8.67 8.56
20 0 0 0 8.66 8.56
21 0 0 0 8.54 8.56
22 0 0 0 8.37 8.56
23 0 0 0 8.81 8.56
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X1. X2. X3 in the table were coded for temperature 1(°C), temperature 2(°C) and solid-liquid ratio (g/mL) respectively; Y was

theabrownin extraction yield measured (%); Y was theabrownin extraction yield predicted(%).
Table 3: Variance analysis of experimental results

Parameter Sum of squares df Mean square F-value P-value
X1 3.3831 1 3.3831 37.33541 0.00004
X2 0.0809 1 0.0809 0.89245 0.36204
X3 10.9586 1 10.9586 120.93823 0.00000
X12 1.5704 1 1.5704 17.33051 0.00111
X22 1.1420 1 1.1420 12.60357 0.00356
X32 0.1658 1 0.1658 1.82949 0.19925

X1 X2 5.2165 1 5.2165 57.56835 0.00000
X1 X3 0.0840 1 0.0840 0.92757 0.35307
X2 X3 0.0072 1 0.0072 0.07946 0.78247
Model 22.6142 9 2.5127 F2=27.730 0.00001
Residual 1.1780 13 0.0906
Lack of fit 0.7912 5 0.1582 F1=3.273 0.03940
Pure error 0.3868 8 0.0484
Total 23.7921 22

Analysis of the Interaction between the Factors

The interaction between the temperature of water and organic solvent extraction had a significant effect on TB extraction yield
((p=0.0000, Table 3). Fig. 2 shows that TB extraction yield increased with water temperature and organic solvent temperature in the
condition of the solid-liquid ratio of 1:35(g/mL). If the temperatures were at a low level, they positively and significantly influenced

the TB extraction yield; but at a high level, they negatively affected the extraction yield.

Figure 2: Interaction of the temperature of water extraction and organic solvent extraction on TB extraction yield in the condition of
solid - liquid ratio of 1:35 (g/mL)

The Importance of the Factors
The importance of the factors was analyzed with the method of contribution rate: The mean square ratio of the significant test

of regression coefficient was set as F ),F gj and F ),
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Setting
5=

-1 i Es1
F

The contribution rate of factors could be established in accordance with Xu(1997) as:

18 .
Aj:51+§;5ij+5” (j=12,---,m)
oy
According to the mean square ratio F presented in Table 3, the contribution rate of water extraction temperature, organic solvent
extraction temperature and solid-liquid ratio on TB extraction yield were A1=2.406829, A>= 1.411972, A3=1.445131. It was evident

that the influence of the factors on the extraction yield was: water temperature > solid-liquid ratio > organic solvent temperature.
Optimization and Validation of the Extraction Factors

The optimal parameters were obtained using the frequency analysis method. The interval of [-1.6818, 1.6818] was divided into 5
parts, length frequency was set as 0.8409, the programs contained 5°=125 combinations, in which, the TB extraction yield of 53
groups were over 8.27%. The result of frequency analysis of Eq. (1) is presented inTable4.

In the 95% confidence interval, the program that extraction yield over 8.27 % was water extraction temperature of 65.69-77.88°C,
organic solvent extraction temperature of 13.65-17.48°C and solid-liquid ratio of 1:43.58-1:50.75(g/mL). The mean value of the
parameters (X1=-0.316, X»=0.095, X3=0.816, which mean water temperature at 70.29°C, organic solvent temperature at 15.57°C and a
solid-liquid ratio of 1:47.16(g/mL) were used to verify the optimal result. Consequently, the extraction yield measured was 9.62%,
higher than 8.27%. The value is much closer to the theory value of 9.54%. It was evident that the regression model established had
good fitness.

Table 4: The probability distribution of Xiin the combined application

Level of factors X X2 xS
times frequency times frequency times frequency
-1.6818 13 0.2453 8 0.1509 1 0.0189
-1.0000 13 0.2453 11 0.2075 4 0.0755
0.0000 13 0.2453 12 0.2264 12 0.2264
1.0000 8 0.1509 1 0.2075 17 0.3208
1.6818 6 0.1132 1 0.2075 19 0.3585
X -0.3160 0.0950 0.8160
s X 0.1570 0.1640 0.1230
95%confidence interval (-0.625, -0.008) (-0.226, 0.416) (0.576, 1.057)
Extraction parameter (65.69, 77.88) (13.65, 17.48) (43.58, 50.75)

Discussion

In this study, TB extraction yield increased with the extraction temperature of water and solid-liquid ratio. The results are
consistence with those found in Pu-er Tea (Fang et al., 2012). However, it is considered that the high temperature may result in the
inactivation of theabrownin (Wang et al., 2014). In this work, the optimum water extraction temperature obtained was 65.69-77.88°C,
which is much lower than the temperature employed in TB extraction of Liubao Tea and Pu-er Tea (Yi et al., 2010; He et al., 2012;
Fang et al., 2012). Additionally, our results showed that the optimum organic solvent temperature was 13.65-17.48°C. The extraction
yield of TB reached the max when the organic solvent temperature was 15°C. Therefore, it is suggested that low temperature of

organic solvent extraction within a certain range can improve the yield of TB.
195



10.

11.

12.

13.

14.

15.

16.

17.

Zou et al., Afr J Tradit Complement Altern Med. (2016) 13(3):191-196

http://dx.doi.org/10.4314/ajtcam.v13i3.22

Acknowledgements

This work was supported by National Key R &D Program for the Ministry of Science & Technology the People’s Republic of

China (2009GJF00047), the Science & Technology Department Project of Sichuan Province (2012-12CGZHZX0579, 152A0017).
References

18.

19.
20.

196

Bian, J.L., Guo, J.L., Li, PW., Du, X. (2015). Inhibition of lipase activity by Ya’an Tibetan tea. Food Sci.,36:23-30.

Fu,D.H., Ryan, E.P., Huang, J.N., Liu, Z.H., Weir, T.L., Snook, R.L., Ryane, T.P. (2011). Fermented Camellia sinensis Fuzhuan
tea regulates hyperlipidemia and transcription factors involved in lipid catabolism. Food Res. Int., 44:2999-3005.

Fang, X. K., Chen, J., Jiang, J., Zhang, C.Z. (2012). Preparation of theabrowmins by fast fermentation. J. Dalian Polytech. Univ.,
31:103-108.

He, Y.Z., Lu, Z.Q., Chen, Y.F,, Liu, Y.N., Huang, X.Y., Zheng, W.Z. (2012). Extraction technology of thea browine from Liubao
tea and its antioxidant activity research. J. Anhui Agri. Sci., 40(35):17301-17303.

Gong, J.S., Peng, C.X., Chen, T., Gao, B., Zhou, H.J.(2010).Effects of thea brownin from Pu-erh Tea on the Metabolism of
serum lipids in rats: mechanism of action. J. Food Sci., 6:182-189.

Gong, J.S., Zhang, Q., Peng, C.X., Fan, J.P., Dong, W.M. (2012). Curie-point pyrolysis—gas chromatography—mass
spectroscopic analysis of theabrownins from fermented Zijuan tea. J. Anal. Appl. Pyrolysis , 97:171-180.

Jiang, B. (2007). Study on inhibitory effects of Sichuan brick tea on fatty acid synthase. Master thesis: Sichuan Agric.Univ..
Kuo, K.L., Weng, M.S., Chang, C.T., Tsai, Y.J., Lin-Shiau, S. VY., Lin, J.K. (2005). Comparative studies on the hypolipidemic
and growth suppressive effects of oolong, black, Pu-erh, and green tea leaves in rats. J. Agric. Food Chem., 53: 480-489.

Li, C.G, Li, G. D. (2007).Tibetan Tea. Chengdu, Sichuan Nationalities Publishing House, 1-5.

Ling, T.J., Wan, X.C., Ling W.W. (2010).Triterpenoids and other constituents from a special microbial-fermented tea: Fuzhuan
brick tea. J. Agric. Food Chem., 58: 4945-4950.

Ruan, Y.C., Cheng, Q.K. (1983). Report on tea research 1982, 1st ed. Tea research institute of Chinese agricultural academy,
Hangzhou, China.68-70.

Selena, A., Unachukwu, U., Stepp, J.R., Peters, C.M., Long, C.L., Kennelly, E. (2010). Pu-erh tea tasting in Yunnan, China:
Correlation of drinkers’ perceptions to phytochemistry. J. Ethnopharmacol., 132:176-185.

Tan, C., Peng, C.X., Gao, B., Gong, J.S.(2012). Spectroscopic and structural characteristics of the main components of thea
brownin in Pu-erh tea. Spectrosc. Spectral Anal., 4:1051-1056. Notcitedinthetext

Wen, J.Z., Wan, X.C., Bao, GH. (2015). Brick dark tea: a review of the manufacture, chemical constituents and bioconversion
of the major chemical components during fermentation. Phytochem. Rev., 14:499-523.

Wang, Q., Peng, C., Gong, J.S.(2011). Effects of enzymatic action on the formation of theabrownin during solid state
fermentation of Pu-erh tea. J. Sci. Food Agric., 13: 2412-2418. Notcitedinthetext

Wang, Q. P., Gong, J.S., Chisti, Y., Sirisansaneeyakul, S. (2014). Bioconversion of tea polyphenols to bioactive thea brownins
by Aspergillus fumigatus. Biotechnol Lett , 36:2515-2522.

Xu, T. (2010). Studies on the hypoglycemic activity and optimum extraction of theabrownine from Sichuan brick tea. Master
thesis: Sichuan Agric. Univ.

Xu, W. (2010). Identification of fungal colonization of Sichuan Kangzhuan tea during pile-fermentation. Master thesis: Sichuan
Agric.Univ..

Xu, Z.G. (1997). Regression analysis and test design, Beijing, China Agriculture Press, 234-271.

Yi, N., Yang, X.H., Yang, VY., Huang, J. A., Wang, K.B., Liu, Z.H. (2010). Study on extraction of polyphenols and theabrownins
of Pu-er tea. Sci. technol. food ind., 7:220-223.



