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Abstract: Objective: The changes in the main chemical components
in water extracts of Tibetan tea during the pile fermentation
process were investigated. Methods: Research was done on tea
samples and water extracts from various fermentation stages of
Tibetan tea. Soluble solids, soluble sugars, total polyphenols,
total flavonoids, and in vitro antioxidant activity ( ABTS and
DPPH) were all examined. Additionally, ultra-performance liquid
chromatography ( UPLC) was used to find theophylline,
caffeine, gallic acid (GA), and 8 catechins monomers. By using
amount of theaflavin,

enzyme-linked immunoassay, the

thearubigin, and theabrownin were determined. Results; The
soluble solids in Tibetan tea reduced and then slightly increased
during the fermentation process. The amount of soluble sugar,
total polyphenols, and total flavonoids and the antioxidant
activity decreased gradually. Caffeine showed a fluctuating state
with small changes, the amount of GA and catechin (C)
increased and then slightly decreased. Epicatechin (EC) and
(gallocatechin gallate) GCG concentration increased and then
decreased. Gallocatechin ( GC ), epigallocatechin ( EGC),
epicatechin gallate (ECG), and epigallocatechin gallate (EGCG)
levels all showed a consistent reduction. The EGCG decreased
from 39.69 mg/g in the initial tea to 1.36 mg/g in final product.
The amount of theaflavin first climbed and then slightly dropped,
the amount of thearubigin changed slightly, and the amount of
theabrownin progressively increased (3.12 g/100 g in the original
tea, 7.46 g/100 g in the completed tea). Conclusion: The changes
in main chemical components during the fermentation process of
Tibetan tea were revealed. These results might serve as
guidelines for processing and quality control of Tibetan tea.

Keywords: Tibetan tea; pile fermentation; antioxidant; chemical

components; theabrownin
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KRB TILERERE TRRAER(EGCG) bRl 21 =
98% , L IR R AE MR A FRA A 5

BEFIRGA BB TFIILAZ GO LK E O F
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1.3.1 ASBFEURE 2020 4R 4 & 8 A L7 4 AL AS & Bl
PR 7 AR AR HRBRBR MO, RBHER

MEME BEXBEIEPFEIUCEZRINEL

FEE 1K EIHE 7 d(SD) .58 2 R BIHE 14 d(S2) .55 3 K B4
23 d(S3) .55 4 YWEIHE 31 d(S4) .55 5 W HIHE 45 d(S5), T
S5 J5 B G 6 RS R (S6) . A YR AE A% HE B HE b K AT ERL
BELIRCESHE 12 )2 L ROR)Z I B A BTN 30~50 em 4b
Kb B 3 A A5 200 g IR AY IR — AN BE S BT A R
it B IO R A% R VK S [ S0 =L TR — 80 C kAR
.

1.3.2 FAKIEPHI A HEMZ 60 CHET OB 80
0 FREC— E B R 80 CUk4R 2 h, i I8 48, F5 0 .
1.3.3  FHUAS/K 21 B4 A

(1) AT PEBE & & . 4% I/ GB/T 8305—2013 J5 il
SEOK B YA R OR OB R I T O M
BRI N A 6 mL B R R 7 O B BR R
0.1 g, i 2 100 mL ¥ i, #8 5>, v Bl #8 57, i &
15 min, 57 BPE 7K P2 A 15 min, T 625 nm 40 5E
FEAE L LU A58 & i (mg/ @) R B AL bR TROBAE o P\ A AR 4
AR HERN 2% .y =0.038 12 40.066 1,R*=0.997 8, 1 }li
] 0.81~52.125 mg/g.

(2) M/ & & R AR, 20 L f5 009
A 20 pL A Ak B R VR 50 # 5 min, T A 80 uL
10% Na, COs ¥ i » = L3 6 W 60 min, F 765 nm Ab i
WEFEAE o DAV IR VA B O o R R O A A TR S
NP AR HIAR I R, REFREMRIH RN y=
0.006 6x + 0.057 5, R? =0.999 9, £ ¥ 7ii [ 3.906 ~
500 pg/ml,

(3) W4 i 2R F NaNO,-Al(NO,);-NaOH [,
6,355, 20 pL AR U o A 10wl 25 mg/100 mL
NaNO, Z ¥ 6 min, fIA 10 pL 10% AICL 2 ¥ 5 min,
JMA 30 uL 1 mol/L NaOH, Ffim A 100 pL 288K, T
510 nm A& WL SR L DA TV IR T R MR (pg/ml) Sy
A A TR AE S N A b o 2 o b o I %, 2 T M TR
K y=0.000 8x +0.043 4, R* =10.999, £ I 7 [
0.057~0.387 pg/mlL.,

(4) DPPH [ H ZE 35 B I 5 - 2 IR Sk 9 14 K 32 9
i T8 S [R] ¥ 0 2 i AL SR AR 0.2 mmol/ L ¥y DPPH
VAR, E R E 30 min 5 F 517 nm I 0% %04 . 1%
X (D143 DPPH A 23 B

c:(1—%)x1oo%, 1
0

o

C— HHMEBEHRR, %

A 2 E N4 OD fH;

A —F 4 OD 1A,

(5) ABTS [ #H 535 BRI s O [7] vk B2 66 13 100 15 0
WL N AGE B ABTS B (K, S, Og I F1 ABTS % IR
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AHECH IR AW Ko S, O ¥ BN 2.45 mmol/L, ABTS ¥
By 7 mmol/L, 1B & WK % LT L E 16 h, #
pH 7.0/ PBS i i BE £ 734 nm LW YG{H N 0.7+
0.0245 ) BEYE W 6 min T 734 nm 40 I E WG L 4%
H (DI ABTS [ Hi 2E 3 B3

1.3.4  JLASF S0 S ORGSR R e A
AR R e S T RRE 8 AL K Lk
FIARE il 20 me, 43 5 AT HY VA 0T € 2 2 5 mL AE bR
Y O B A A5 TR 0 8 A [) o 32 60 32 o o 0
PABT R BT Cpeg/ mL) Sy B AR o 06 TG AR O 2 A6 A 2% 11 A
HEM L L R 1 R,
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Table 1 The regression equation and linear range of

theophylline, caffeine and catechins

R4 S [ 177 R AHEE/
(pg» mL™1)
P % y=8.887 8x+4.789 9 0.999 4.9~784.0
W y=28.315 5x+10.105 0.999 6.8~435.5
GA vy=9.261 4x—0.811 8 0.999 4~500
C y=2.059 3x—0.564 3 0.999 6.8~435.5
EC y=2.445 4x+7.795 0.999 4~500
GC y=0.702x+0.066 1 0.999 1.72~450.00
EGC vy=0.646 8x+1.247 5 0.999 6.8~435.5
CG y=05.465 3x+1.822 4 0.999 6.8~217.7
ECG vy=5.051 3x+3.469 5 0.999 5.6~784.0
GCG y=4.712 6x—6.444 4 0.999 4~500
EGCG y=4.769 72 —8.309 2 0.999 4~500
1.3.5 FEEERME M Wang 5707 1007 158k

WF I3 g Znt+ 125 mL 8B, im A 125 mL ¥
K HRED B K IR 10 minOK B $8 0 — 0O » B #8 57
T g GRE A KB IE R H EE . B 50 mL &
T 250 mL 4r W 2k, in A 50 mL Z R Z fiR. =
5 min, M E Y2 R LR R )Z E T 100 mL H 24
Mo B4 mL ZMRZERAERBW. MA 5% ZHEARE
25 mL, 3R W A;25 mL Z R Z EE % BUK T 100 mL J
3, imA25 mL 2.5% Na, CO, i W IR % 30 s # 5 4>
2. B4 mL ZEBRGERZIMA 95% L WEE A £ 25 mL, 15
W C3 ML 2 mL K JZZEHOB . A 2 mL 48 F0 HE R 7
FA 6 mL B4k, 95% LEEE A X 25 mL. S W
D HUEE — ¥ 2008 25 mL F 100 mL 43 <. A
25 mL IE T #2% 3 min, # 5 45)2 . I 2 mL /K JZ8m
A 2 mL AR RRVET . A 6 mL #E4liK,95% & B E %
%25 mL W B, A 1 em @I, 43566 1T 380 nm
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Core =77 X100% , 4
K
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B0

M—25M T %, %

EAxEs Ec .Ep— %W A.B.C.D 7£ 380 nm 4t 1
WG .
1.4 HEiESH

ffi /i SPSS 26. 0 #k F gt 17 & 22 43 #7. Student-
Newman-Keuls (SNK) & #17 £ & [, P<{0.05 F£n 2%
SRR, P<<0.01 /5 2R MEWNREE. R Origin
2021 Bz .
2 IR 55
2] REBEIEREXAIETVAEYRNEL

AWK WAL G T 2K Ok B R R K
Wy BT, HAR NS B Xk WS B R g MEVE .
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WS 5.64%0, 5 S5 B BOAR LA % W BE R R R O
Ko REEGEHJG BA PRS2 TR T 4.1%,
N 1) 7R S B A T A ) 58 385 0 RS v 2 1 R
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F2 EABEBPEETRE. MR ILERSSSHTL

Table 2 Changes of theophylline, caffeine and catechins during fermentation mg/g

S W B BL AR i P GA C EC GC

MC 0.02-£0.01¢ 25.204+0.22% 3.0540.06¢ 0.4340.10" 0.77+0.02¢ 9.81+0.05%

S1 0.09+0.01¢ 23.1441.32 6.5540.28" 0.6940.04* 1.8240.12 1.88+0.09"

S2 0.14+0.03" 24,2840.33% 5.9340.51"¢ 0.59+0.08% 1.7340.08* 2.1240.14"

S3 0.19+0.01% 27.2342.27* 8.08+0.16% 0.4340.04° 1.03+0.16" 1.3540.15¢

S4 0.09-+0.04¢ 23.24+1.22b 5.137+0.25¢ 0.32+0.14¢ 0.63+0.31¢ 0.95+0.404

S5 0.05£0.02¢  22.35+0.52° 4.9240.49¢ 0.2740.02¢ 0.51£0.02¢ 0.67£0.43¢

S6 0.0840.03¢ 22.01+3.20° 8.78+2.30° 0.62+0.16% 0.04+0.03¢ 0.56+0.08¢
R B EGC CG ECG GCG EGCG

MC 22.7040.19* 0.124£0.04¢ 10.34+0.04% 0.7740.02¢ 39.6940.43%

S1 6.92+0.38¢ 0.58+0.02% 3.8040.16" 2.84+0.08% 9.9040.38"

S2 8.000.60" 0.44+0.04" 2.72+0.25¢ 1.8940.18" 6.23+0.63¢

S3 3.81+0.72¢ 0.09+0.10¢ 0.74+0.01¢ 1.46£0.03¢ 4.15+0.12¢

S4 2.66+0.25¢ 0.4240.05° 0.6840.041 0.9440.094 2.544+0.26¢

S5 2.0140.06f 0.394+0.10° 0.63+0.144 0.8240.18% 2.39+0.12¢

S6 2.11£0.56¢ 0.10£0.04¢ 0.12+£0.05¢ 11.0343.60° 1.36£0.42"

T TSR TR AN [ s 22 5 P 3% (P <<0.05)

10+
ORa%
P
8 mzsw % a

=)

40

N=N
H
Content/%

~

MC SI S2 S3 84 S5 S6
KW BE

Fermentation stage
] —$8 07 7 B AN W) 2278 22 79 B 3 (P <C0.05)
B3 ABIRFRERIZELTLSFTWH AN

The change of the Tibetan tea pigment content

Figure 3

during fermentation

R ARB R R BRI, S B T . i
Ty WA B TR R R BRI LS R AR
TR T KR TE AT B LR SR AN T IR 4% » 2 ) A L i
SUH5 LA LR 2R AR 10 2 Wy S 40 T 44l O 408 e » 08 I 288 3
—BEAREGTE MR E R RAR RHR KL RE Hb
Py A R A S R R R

3 &k

Wt 5 25 T 8 8 00 RS /K R 0 P T SRR L B 2
B T AR T SR A A T DR o A
B AN BT ILR R RERTIILRR KRR
TIHERBEBETHRE . RIILAEARBETRESETRE
HORERG BT R TR R LA R A

J

EAFEERIKICHREE TILER REETILERER
TR ILFER BT TILER BB TILERERE TR
i LR R WL TR LR R B E TR RILER,

RS AR R A A T HE TRt e A S A AN TR
A5 2 R R e T2 K B M R € Y PR . 2R X
AR UR M A I e A TR R o EE B 4 BEAT T RO JE Sk
A7 S0 A T ) R R T BCHL T R I I F

2% 30k

(1] B e, HE 4 25 v I 2 9 i AR R (D). R A Sk it iz,
2008(3): 125-129.
CHEN S Q. Ya'an Tebetan tea: A typical representative of Chinese
dark tea[J]. Chinese Culture Forum, 2008(3): 125-129.

[2] Jfif i, R SC, B e Bk, S5 22 HUAS /K B2 0 1 e B 0 A BF 5T
[77. s E R, 2018, 44(2): 62-66.
TANG H D, YAN T W, LUO X L, et al. Lipid-lowering activity of
water extract from Ya'an Tibetan tea[J]. China Measurement and
Test, 2018, 44(2): 62-66.

[3] B et K L, IMY, 55 GBS BRAEVE T i AR BE e (0] &
MG 5 K, 2017, 38(4): 168-171.
LU X H, XU J Y, SUN R, et al. Human trial of health effects of
tibetan tea[J]. Food Reasearch and Development, 2017, 38 (4):
168-171.

[4] E 3%, HEIEMS, X fhAe, 45 30 B G B K KUK B BULER[T]. 4%
A2, 1991, 11D : 1-9.
WANG Z S, SHI Z P, LIUZ H, et al. Discussion on the mechanism
of quality and flavour formation of dark green tea[J]. Journal Tea
Science, 1991, 11(S1D): 1-9.

(5] W . PR 8 3fE (9 B WF 7S (9], 28 3l 3R, 1966(4): 27-29.



F&M | Vol.39, No.9
YANG L W. Theoretical Research of dark tea during pile

fermentation[J]. Journal of Tea Communication, 1966(4): 27-29.

6] FIR A MZE L&, e N RSL AN E 25 90 —F8(S]. dbat: hE B
5B AU, 2020: 195-196.

National Pharmacopoeia Commission. Pharmacopoeia of the
people’s republic of China: A book [S]. Beijing: China Medical
Science and Technology Press, 2020: 195-196.

7] ] & 53, E K. Folin-Ciocalteu Ht {6 35 I 5 M v 22 B & & 110
5T 1. M7= Ak 5 Tolk, 2006, 26(4): 15-18.

HE Z Y, XIAW S. Study on determination of polyphenol content in
Canarium album (Lour) rauesch by folin-ciocalteu colorimetry[J].
Chemistry and Industry of Forest Products, 2006, 26(4): 15-18.

[8] XIA C, YANG K J, ZHU Y Q, et al. Distribution of free and bound
phenolic compounds, S-glucan, and araboxylan in fractions of
milled hulless barley[J]. LWT-Food Science and Technology, 2022,
169: 113935.

[91 T i, XN, B, 5. £ BB 3T 75 B R RDE 25 22 B 4R

T A A PR B2 IR 0], £ S LB, 2021, 37(3): 36-40.
HE Y H, LIU G, XIA C, et al. Effect of extrusion process on
different forms of phenolic compounds and antioxidant activities of
hulless barley[J]. Food & Machinery, 2021, 37(3): 36-40.

[10] SRAHT, BB, 2R, 45, DU i1 A4S 22 1 o e e 2 A R L
PR AL PR3 B 0] & S LK, 2021, 37(8): 25-32.

ZHU B Y, XIA C, LUO K B, et al. Active components, antioxidant
capacity and quality evaluation of Sichuan dark tea[J]. Food &
Machinery, 2021, 37(8): 25-32.

[11] WANG Q P, PENG C X, GONG J S. Effects of enzymatic action
on the formation of theabrownin during solid state fermentation of
Pu-erh tea[J]. Journal of the Science of Food and Agriculture,
2011, 91C13): 2 412-2 418.

[121 PENG C X, JIAN L, LIU H R, et al. Influence of different
fermentation raw materials on pyrolyzates of Pu-erh tea

theabrownin by Curie-point pyrolysis-gas chromatography-mass

[ J ] International

Macromolecules, 2012, 54(1): 197-203.
[13] WANG Q P, BELSCAK-CVITANOVIC A, DURGO K, et al.

spectroscopy Journal of Biological

Physicochemical properties and biological activities of a high-
theabrownins instant Pu-erh tea produced using Aspergillus
tubingensis[J]. LWT-Food Science Technology, 2018, 90: 598-605.

[14] MA W J, ZHU Y, SHI J, et al. Insight into the volatile profiles of
four types of dark teas obtained from the same dark raw tea
material[J]. Food Chemistry, 2021, 346: 128906.

[15] RICE-EVANS C A, MILLER N J, PAGANGA G. Structure-
antioxidant activity relationships of flavonoids and phenolic acids
[J]. Free Radical Biology and Medicine, 1996, 20(7): 933-956.

[16] SCALBERT A, JOHNSON I T, SALTMARSH M. Polyphenols:
Antioxidants and beyond[J]. The American Journal of Clinical
Nutrition, 2005, 81(1): 215S-217S.

[17] #o5 . WM op g v ) A 2 LR R MR R
BoM: # K2, 20120 1-2.

I (1 A 5% [D].

MEME BEXBEIEPFEIUCEZRINEL

DONG Z B. Preparation of Catechins and theanine by adsorption
seperation from tea extracts[D]. Hangzhou: Zhejiang University,
2012: 1-2.

(18] TR &R, 5 & 3C, M/ RBE T ILA R BB T RRER A KR
BB BR ST BT ST HE R (0], BRAC IR 24 104, 2006, 22(16): 2 471
2 472.

XU Z Q, YI Z W, HE X J. Research progress of epigallocatechin
gallate in the treatment of renal failure in rats[J]. Modern Medicine
and Hygiene, 2006, 22(16): 2 471-2 472.

[19] ZRUAR 2 Be. 2 AE A4 M. 2 Bt dE mt: dbat gl s iat,
1994: 1-2.

Anhui Agricultural College. Biochemistry of tea [M]. 2nd ed.
Beijing: Beijing Agricultural Press, 1994: 1-2.

[20] FE 43¢, SR A Fe, B, 55, %R 2% JL 2 5 A HLIR 19 41 73
Hr{1. 50, 2002, 28(1): 22-24.

TU Y Y, LIANG H L, CHEN X, et al. Analysis of catechins and
organic acids in compressed teas[J]. Journal of Tea, 2002, 28(1):
22-24.

[21] DONOVAN L, BROOKER D. Effects of hydrolysable and
cindensed tannins on growth, morphology and metabolism of
Streptococcus gallolyticus (S. caprinus) and Streptococcis bovis
[J]. Microbiology, 2001, 147: 1 025-1 033.

[22] it IR MG . 2% Jn 2 (M. dEat: s E ol th Ad, 1997: 2-3.
SHI Z P. Tea processing science[M]. Beijing: China Agriculture
Press, 1997: 2-3.

(23] WRBLAH. PO 1 8 2% 4l 5
2011: 5-6.

% BT 7S (D] e 2 P9 IR K,

CHEN Y J. Study on the quality formation of Sichuan brick tea[D].
Ya'an: Sichuan agriculture University, 2011: 5-6.

[24] BRI, 2475, FR AN, 25 3 0 25 2 48 3R 0 i AR i e K B i,

g AR W .+ R AR 224, 2011, 11CD: 20-27.
CHEN T, PENG C X, GONG J X, et al. Effect of theabrownin
extracted from Pu-erh tea on the metabolism of blood lipid in
hyperlipidmia rats[J]. Journal of Chinese Institute of Food Science
and Technology, 2011, 11(1): 20-27.

[25] DONG W M, TAN C, GONG J S. Factors influencing the effects of
theabrownin in Pu-erh tea on scavenging DPPH radicals [J].
Agricultural Science and Technology, 2013, 14(2): 317-323.

[26] 5 J3 4. R 0 5 A b 6L B 14T LB ). oh [ 2k, 1994,
16(1): 2-3.

XIAO L Z. Formation mechanism of color of dark tea during
processing[J]. Chinese Tea, 1994, 16(1): 2-3.

[27] fHi A, FFRAR. SRRV HEAE DT et g 5 2 )

n, 2007(4): 6-8.

It AR

FU R H, QI G N. Research progress and prospect ofpile
fermentation of dark tea[J]. Fujian Tea, 2007(4): 6-8.

(28] 5K K, £ 1. BRI AR S R (0] [ 2% i, 2002,
24(5): 6-8.
ZHANG D C, WANG D L. Research progress of dark tea during
pile fermentation process[J]. Chinese Tea, 2002, 24(5): 6-8.

31



