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The Effect of Polyphenol Oxidase on the Pile-fermentation P rocess and

Quality of Pu-erh Tea

FU Ying-xuan, LIU Tong-xun

(College of Light Industry and Food Science, South China University of Technology, Guangzhou 510640, China)

Abstract: The change in the physical and chemical properties and sensory quality of Pu-erh tea was investigated during the
pile-fermentation process, facilitated by the addition of different concentrations of polyphenol oxidase (PPO). The results showed significant
changes in some quality components (p < 0.01) during the pile-fermentation process after treatment with PPO. The average pile-fermentation
temperature was observed to be higher in the treatment group, compared to the control group. In addition, the change rates in polyphenols and
catechins accelerated inthe treatment group, and were negatively comelated with PPO concentration. Theaflavin accumulation was faster during
the early stage of pile-fermentation, and the transformation occurring rapidly during the late stage of pile-fermentation. On the other hand, the
accumulation of theabrownins was observed to be faster during the pile-fermentation process. Pile-fermentation for 18 days with added PPO
conferred good organoleptic properties (associated with sensory qualities) to the Pu-erh tea, including tea stripe, color of tea soup, taste and
aroma, as well as tea leaf. 1.6 U/g and 3.2 U/g PPO groups were observed to attain properties of aged Pu-erh tea, with ared and glow liquor
color, pure and mellow taste, and fulkbodied aroma. This study provides new ideas and methods to reduce the pile-fermentation period and
improve the quality of Pu-erh tea.

Key words: Pu-erh tea; polyphenol oxidase (PPO); pile-fermentation

HE R RE R 0k —, R TRER

HEIF (ST, 854 . PE T IR
B B It TFOEEM, R ANEERIX K]
ZH R AONERY, SRk, fR R
WRAG S5 TP INE R . H R JRHE,  SETE DA
W B2 N B R N, FETRE Y00 WAH Ja A
(ZWe i, |El, RS AR NS
Wi BEA: 2014-06-13
EBEN: RE (1990, &, M+, Meam: RE HESEART
(]
BRMEE: @R (19750, B, L, BEUE, WAE: RE. HES
ERRTE

B OEVERT S TR PR A P TR 7K 20 AR A )
WFEAERS, RAE T RZEBNAN. 4, EAFN
LIRS B, BRSO 70l DAL A7)
ISR G a5 — R IR, e A R A (A
X A KGRI R L. TIERE. R
W S UREE I RE . BIRFCUESE, EHIR B P AR
I PUEACTE. Sl S /oA B 35 Bree

S PRI RS, BRI S I E B, T ID
B B ERORIOTR, E WA # LA R
FUEFEM T L ZEARIR RASRE T 3 B et o
PRIk, B AN 2B A I AN E )5 (AR
BRSO IR R T TR, AL

197



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

JAR N T2, UG 7 RAFRCR . BIH AN IE,
O BT HE fT4EalE. RN, EAl. ZHEEL
Tl g1 77 P 28 2 T S,

AR SCAERTIIOU AL PO K T T SR A P i
(] [ b, St 7NN 2 By A P M) TR AT
XoF S AGZH AN IRAH B AL bR AT Bl b, R
Tt 2 By S MOl X VH of R I e R TS HE it JoR 1 5
W AT DU E A A ) e £ S (B S,
SCAT A AN B A AT W T 25 5 ) A I AT
TSR T B A i

1 MREEE

11 #k5 s

KIFANLMIE TR, mrEMH, 20134; £H
LR, bREBRE /7 845 Uimg, AEHEAYIRIEE
FRAR] HARAB A A at.

ESJ200-4 BT i RF, LR EETAIRA
Fl; UVT52N B Jo T, R R ARA IR A
AR 420 BU=FKAE, &inThE RAERATRA A
DHGO0A HL#E IR B T4, HiF R ERAIRA
Al PEIKAE IR, LT T HAEA IRTTEA 7]
FHR AL 2O BEIR VLRV P 3% 45 PR ) 5
GL-21M T4 R O, KIDIBCE O HLA PR A H .

1.2 R¥F*

121 LHRL BT ik

LI ENERRE (A): Al: 04 Ulg, A2: 0.8 Ulg,
A3: 1.6U/g, Ad: 3.2Ulg
Z I EAERER IO/ mg = ZS TR < 2 Iy SR AL B BE / 22 I S A B Bl T

HERLL 4 kg H—HE, DLASH EE TR 2

BRI, K58 NG 2 M A I /K B 7E 25 4t
HE S KB INE] 45%, %5 (A 4L aling K K B &
FHEEIKEN 45%  WIKIEME 4G, &5 6 d BHHE—IK,
RIEERTEA 18 d, BHME 3 VK, TR IREHMEZ RN ASHER)
O RN ZRAT T BORHE R . BRI 70 9, TR
SEHTIE . 23500 F1. F2. F3RRBEZE. —#l.
. =R

S AT N E] 2014 4F 3 A~5 H , RN 18 C
~28 C.
1.2.2 BB MT

MIBHETF4G, H 100 °C (i RS T AR
5 12:00 B FIMECNRE, BEZRBELAH
1.2.3 BARSHHT T ik

KAy ESEISE: GBIT8304-2002 (Z% 7K E )+

198

ILRELEE: FEERLOE, REMEENE: &
fH GBB8313-2002 (% ZAZMillE); AR (KHER
TF. 4K TR, R TB) illE: RALGRS:
PAR IR
124 EHERE Ao ik

R VR A AT SR AT SR R AT
a5, MWTROPE. B, B, &SR 5
AT APE, R B 2HIVP, &850 b 15,
20. 20. 35. 104}, FFARYESTURAELA T AHRLIPEE,
PEAARIE S DB53/T103-2006.

13 HAEa AT

FH Microsoft excel 2010 AbHE ¥z A i, FH SPSS
HEAT B2 M M RTA G LS 1T

2 ZR5VHE
21 T RWKE %A T E 2k R B A2

IR AL B

60 -
50+
40
&
il 30
= .
2 .
—v—1.6U/g
10 —4—32U/g
00 2 4 6(FI) 8 10 12(F2) 14 16 18(F3)
KR d

&1 RIS B B 25 By B R TR T R A BRI
Fig.1 Pile ttmperature during the fermentation process, with
addition of PPO at diffe rent concentrations

R AT AR VR R B AR ) R IR R
FLFERZIA R ) T o I AR A A B T AR
WA K ST, WA TR RSN RS 29
X} SLHGH A 2 AT S HER AR . I 1 PR,
MINZKIRHETT4G, HEWRIZH T, 52 B0 AL,
SEIGAHR FE ETHIRREEE R, FESE 4 d ZRETH IS F
40 C. SCIRAHMNRIZER 4 d 3] F2, HERFEAYERE
40~55 ‘C i), A AT A K ST RIS o
SCHG2H 1) fo i IR 3 = TR R ZE, SRS I 2 AL
ity T DA i AR A AR A SONE, IR S R A
MTTAR T2 N SR AL A . F2 205, K
WEAT R — R, AERETERRAR, IR EE &
RRERITE



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

22 FRERELZBEMENEHTFLBELE

R 2P XS d:0h A

30
mppe
25k mCK
- 0.4 Ulg
S m0.8 Ulg
iz} B1.6 Ulg
g sk 03.2 Ulg
B
#10r
.%BDd_l
5 -
0 F2 F3

2 NI ERRE S B B EE AR 32 PR SE B Y
T
Fig.2 Changes in the polyphenol content (%) during
pile-fermentati on, with addition of different concentrations of PPO
E: AP ERIK. NEFE5H AT Duncan’s # M £
M (SSR %) £ P=001. P=0.05 K-F Fhy £ 3 LH4, F4&
TR AT EFRE, RXARE (n=3). B 3. 4. 5 &R,

120 )
Aa O 5

o~ 100 Bb Bb Ce BCK
Y m0.4 U/g
é 80 F Dd m(.8 Ufg
U]]TI;E 1 @l.6Ug
o 60r 03.2 Ulg
%
¥ 40t
—
™ Aa

20 b Be Be

Cd
0= F F3

B 3 RN ELKE % By (LBGIEHE A B3 i2 h) LR T
(mg/g)
Fig.3 Changes in the catechin content (mg/g) during

pile-fermentati on, with addition of different concentrations of PPO
TR 2 MR 2 AT A HEAR, AR L
KR mEE. RN R, MRSELEY, BA
BORHNEIR, WS, AR T AR
HIEEWIR, RKHEEE. B s, wie
e VH 25 255 22 T ) AR A P IE 238 EAS PR O UR A
HEEH . B2 775, BN ARVRE 2 ARG
HEARARR HER B A, R 2B S B A A FRRE
(b 2 FREE3 (p<0.01), {H AL, A2 Z B2 5+
PEREZE (p>0.05). F1ATF2 R REEGE, MRS
F3, XHRALAI AL, A2, A3, A4 ZIyELLEEA A2
FEALER S N 68.2% . 69.4% . 70.3%. 75.4%. 79.0%.

BN 22 Wy AL RS DR EE 2R VR HE A R

fEZ 2 R, HARZMmN RS RINE
T S AR FROAC 2 T O

LR ERFENZ BRI, HE 3%, L%
F I G R M EHE R ) KR, SR 2
A AR — 2. WEMEFF LIRS FL, XTHRA LS
ROENEFARE, UM 123%, £ FL)E,
LR RS ERNIE T ZHAER MmN ESEIRH )L
R IR I, Horh 3.2 Ulg 22 By ALl ) LAt =541k
RIEFLI OIS 35.8%, =5, XFIRLLA AL, A2,
A3, A4 ZTHEMNERLHS ) LA B 508 76.4% .
83.0%. 86.4%-. 85.8%. 90.8%. [ F1 Hfi AL 4h,
Z W E GBS R B AE ) LR R SR CK Z 7315
IR MK (P<0.0D), HP A4 5 AL, A2, A3
PBNARIN B R . HIRR S WA B3 (et 2
My R fRAaAL, Itk 75 E o KRB, (1R
FIRFEAS,  HILZR B 5 N2 By A Al i
WRE BIEAHG . LR AR AR R B R ITER A
HEERE L.

23 F FEIWRE % B A Ao B a3 B Ok K BT AR

FREZRNUHT N

0.14r _
Ok
0.12 Aa mCK
m0.4 U/g
x 010 m0.8 Ulg
ig 0.08f ol1.6 U/g
4 0.06 03.2U/g
{'_hg\' X -
3 AabAabAa
Lhe 1Aaby
¥ 0.04 ._;’A_‘m [
0.02 .
0.00 ' ; |
F1 F2 F3

4 RN EIREZHENEERETREPERETK (W
Fig.4 Changes in the theaflavin content (%6) during
pile-fermentation, using diffe rent concentrations of PPO
TERHE R BELAET, ZBRYIBHER. BEY
TER N R AR R (e AL, BT LR E,
HERERRER, Hit PR EL BRI RAR,
FALFIR AT SR O 2tz . e 2%
AN B L S . AR AMIUOE s, 50
TG ISEE, WS i “BoE a7, B BRI
UL PUm. PO MR IE B AR 5 2 554 B
PEUL, B 4 TTH, ARMERBETTAAE] FL, X R4
Al. A2, A3. A4 LIl 2R s a & 2 n
B, RJLRRFEACHE e T 2R R B AR R A
FABREEE, SO0 AR T AL, Horb A4

199



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

FEA R S EMER 0.320 1% 0.109%, ZFH4H
N 0.076%, A4 FERTE RS I CKIA RN 52 7
(P<0.01), I8V N2 Moy U1 B 1555 25 3R 7E IR
WIKEMER, LRI RO R LR, TEREERT
WITRIUCR TR, ML 3R HOE 38 R A3 AR )
B 1M FLIG, AR SR, FINHE mE A
B SR AN K T R ZE R (P>0.05). ZEyELL
B AT NN A S B0 2H 2538 20 R AR TR B

10

a Jﬁ*\*"‘l Aa Aa

BCK AmAB +
0.4 Ulg Be

0.8 Ulg
@1.6 Ulg

03.2 Ulg

o
T

Aa Aa

Bh Bb Bb

Aa Aa

FMETE %
I T A )

F1 F2 F3

5 RIAEIREZEBE B RESIRPRERTN (W
Fig.5 Changes in the theabrownin content (%) during
pile-fermentation with different concentrations of PPO
FARF T RO 2R i B L R 3R, B K

W EIRE G, ZRA RS RIRW & s, &A%
My 2R AE F3 I IABIARK, S0 ZH 38 Il 52 BA 2 i % R
A, I 2 By B SRR T o B A TA B VR 35 7
5t (P<0.05), SEERZRFEN], KWEIERE b isin 2 m
g, AR TIntRZ By A I & RN i
BER TR VAL DL R R R AR R, REH R E
i oA A EEAEH]

24 AR
%1 BUURIHEXR M EE M

Table 1Correlation coefficients between indices and significance

analysis
78 %% L R KB SEmAL
B F3 * *  BRRE
58 1
LEE 0.899™ 1
%%E 0136  0.286 1
% 08547 -098" -0337 1
§£§; -0.147 -0.163 0.063 0.168 1

i MBXEF (P<005) **4aXMEF (P<0.01).

Z W e g — M E R R L, S 5EME
R R B SN, AR NS R AR AL,
X 255 I it J A SO R B ER . O 1 it

200

02 By S AL RS L VE 2R BT A RE IR, AN RIS 22 By
AN A U R R HE AR R R A S i AT 22 1y
GBS IR AT ARG PR R Ve i, R WA 2.
RZEALIR R AR AR, MR RE0N
0.899; KR SRLZIYLAR BN ZF T, MK
FAHN-0.854, -0.986. LEYFEAMHKES RZH. L
KR RERABRLEIMR, MERERIZILE
ARG, WA IN 2 By AL B IR sy, R
JUZRE S PR PRI, MR R S EAA i,
M, 2 By S A Bl PN B S A Hh A4 R AR A
L, e A T o

25 RELZELMN
< 2 RN ELR E % B R EE AR R R E 24T
Table 2 Sensory assessment of pile-fermented teas containing

different concentrations of PPO
SN 15% 4 & 20% A A, 20% 7k 35% »t & 10%

e N
FiEE FERY A R ES
ARATuR 2 XA E A TR S A i AR LA

CcK 61
12 11 12 20 6
B E LR RABR A LABRAR
0.4 Ulg 70
14 13 14 22 7
e LR TRA T B2 R EH LnAB Ak
0.8Ulg 75
14 14 15 24 8
B E LRAG FRALLIE B BARE 4048 F4K
1.6 U/g 79
14 16 16 25 8
B E LR TRASLIE B2 R 404B Ak
3.2U/g 81
14 16 16 27 8

G350 kS R 2 AN SO0 21 AR HEA T R VR
APEE IR 2 FioR. Rz . &S A
JRS R Ik VN 22 Ty S A i PR U 3 R IR J R AR T B R AR
tho SN AR, &S0 0K
JAH, ST, I AT R
Fetil IS A A B AN R, AR E AN i AR S
AEH, R R A SN L . S FHAE
R 18 d Jami AR K4, e SeiHE k% 18 d
J&i o APURETAE RAEHT 0, 18 B S5 BT (4 W 5
MR, ML, RS, Bk, R
s, o, 0.8 Ulg 2 My S L B2 NIk 31 i &
M, iR . 1.6 Ulg f13.2 Ulg ZBya clgse
B0 AH AR RT DB LUPRAEATR, AERRREE, TTE
BFE, LR, KB, GamE, WAHTLREX .

3 &
3.1 Z Ry B o 4 NI ) 778 o 21 Rk gk



M EmBHL

Modern Food Science and Technology

2015, Vol.31, No.3

ITIRHE R, TT LMD i R, ek R 2
2R A L 2 B B B R IR R
BPR T EE R TR . NN R EgE, SK
GRS TR, REW. LRR. &
BRI EME, XEMALERTEERE
E B (P<00D), FERMBEER T ELEREK
FE 2 Wy S AL /KSR 50t I8 41 22 5 0k 3 BB 3 KT
(P<0.05), ZKERIEA—MRINGEHD AR M. B
ZiR S AT, R 28 S AR i
FEH AT IR, Fa iR ) (B AN T2 = 01 2
QECIR LS A S AR 31 25 I GRS v N
WEERZH. LR EWEE ML, MRS
Al 4-0.854. -0.986, ZEYAMMEKE SHZ M. LA
. RERBENMKR, MERERE MK, @it/
HIFN SRR, ZEEULERI IS & T EE A
i, AEEERII A R, 18 BAAS S AU,
Ik H A, b 16 Ulg. 3.2 Ulg 2y L4
WA T LR B, AR R 2R, 3
LRI, WEPRRE R, RIS AL M5 AT -
3.2 MEEAER. B, T—REs. ANEREHIFIE
WHZ R EERRIR A, AP HRIEAR RS, 4akdn T
B[R], RIS R B, T8 RS R 2% 5 ot
A FTH AR AR 457 o

AH Ik

[1] 58 R, B AR A ) R o T O B R A o AN
AUy B[] BUAC R i A, 2013,29(9):2199-2205
LIU Tong-xun, LING Meng-le. Effect of different amino
acids on the flavour and volatile aroma components of
ripe pu-erh tea [J]. Modern Food Science and Technology,
2013, 29(9): 2199-2205

[2] Hou Y, Shao W F, Xiao R, et al. Pu-erh tea aqueous
extracts lower atherosclerotic risk factors in a rat

hyperlipidemia model [J]. Experimental Gerontology,

(3]

(4]

(5]

(6]

(7]

(8]

(9]

2009, 44(6): 434-439

Ahmed S, Unachuwu U, Stepp J R, et al. Pu-erh tea
tasting in Yunnan, China: Correlation of drinkers’

perceptions to phytochemistry  [J].

Ethnopharmacology, 2010, 132(1): 176-185
ETOREE R BUHTAK Al HORTE 2% R T o g R
WFFR[3]. 8 Tk, 2000,3(6):18-22

WANG Yuan-feng, WANG Deng-liang, WEI Xin-lin.
Study on the application of enzymatic technology to the

Journal  of

further processing of tea [J]. Beverage Industry, 2000,
3(6): 18-22

2 il X3 T o S A WX R i T VRS i
BT[] IR £ fiFHH,2007,23(7):29-32

LI Zhong-hao, LIU Tong-xun. Effects of peroxidase

U5

concentrations on the quality of puer tea [J]. Modern Food
Science and Technology, 2007, 23(7): 29-32

Liang Y R, LuJ L, Zhang L Y, et al. Estimation of black
tea quality by analysis of chemical composition and
colour difference of tea infusions [J]. Food Chemistry,
2003, 80(2): 283-290

Yoshino K, Hara Y, Sano M, et al. Antioxidative effects of
black tea theaflavins and thearubigin on lipid peroxidation
of ‘rat liver homogenates induced by tert-butyl
hydroperoxide [J]. Biological & Pharmaceutical Bulletin,
1994, 17(1): 146-149

Dreger H, Lorenz M, Kehrer A, et al. Characterisics of
catechin and theaflavin mediated cardioprotection [J].
Experimental 2008, 233(4):
427-433

IR, JA i, SR IEAL. 2% B 3K B DO REWS PR AT 7T fE [9]. £
R}2#,2013,34(11):383-391

LIU Wei, ZHOU Jie, GONG Zheng-li. Research progress
in functional activity of theaflavins [J]. Food Science,

2013, 34(11): 383-391

Biology and Medicine,

201



