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Dynamic changes of main enzyme activities during processing
of Jiangxi Gougunao black tea
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Abstract: [Objective] To investigate the trends in enzyme activity and structural changes during black tea processing, and to analyze the
functional expression of polyphenol oxidase (PPO), peroxidase (POD), /8 -glucosidase (3 -GC), and protease, aiming to optimize the
processing technology of Gougunao black tea. [ Methods] Using one bud and one leaf of the Gougunao population as raw materials,
Gougunao black tea was prepared by traditional processing technology. The relative browning degree and tea polyphenol content during
processing were measured. The activity and structural changes of PPO, POD, 3-GC, and protease were analyzed, and the enzyme functional
expression mechanisms were explored. [ Results] The relative browning degree increased during black tea processing, reaching a maximum
of 503.21% during the first drying stage. Tea polyphenol content decreased to 15.4%, with the largest decline occurring after fermentation.
Activities of PPO, POD, and £-GC showed a decreasing trend, whereas protease activity exhibited an increase-decrease-increase pattern.
UV-visible and Fourier transform infrared (FTIR) spectra revealed significant conformational changes in PPO during fresh leaves, withering,
and rolling. POD's enzyme structure changed during fermentation, first drying, and final drying, with a marked decrease in activity during

fermentation. Beta-GC exhibited distinct absorption peaks during withering, rolling, and drying, with a continuous decrease in activity.
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Protease showed characteristic absorption peaks throughout processing, with activity decreasing during withering and increasing during first

drying. X-ray diffraction (XRD) spectra indicated that PPO, #-GC, and protease were amorphous polymers, while POD's three-dimensional

conformation changed. [ Conclusion] Significant changes occurred in the enzyme activities and structures of PPO, POD, 3-GC, and

protease during Gougunao black tea processing.
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Figure 1 Colors of tea samples and tea soup during
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Figure 2 Changes in relative browning degree during

Gougunao black tea processing
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Figure 3 Changes in content of tea polyphenol during

Gougunao black tea processing
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Figure 4

Dynamic changes of PPO, POD, B-GC, and protease enzyme activities during Gougunao black tea processing
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Figure 5 UV-Vis spectrum of PPO, POD, f-GC, and protease during Gougunao black tea processing



F&M | Vol.41, No.12

rhde I 1 A8 Ak R 3 LU B R v PPO IR AR fR AR .

Hi &l 6 (b) W] 1, POD ) 4 fiE W Wi U 24 43 T 3 420,
1650,1050,512 cm™ "&b, 3 420 cm ™' 4058 17 9 114 06 XoF 7
O—H Wy Hi ik 3, 2 W POD " 17 78 48 22 A 2 0 s (H 4R 42
2 T By 6 I8 5 Ml T M He AR A 4 4%, il B 2
FE S A B AR T A EESG PE . 1 650 em Ak B A U e
POD N #B 1y BUHE it 45 Iz 2l 52 = &7 51, g A P
1200~1 500 cm ' 4b H B 1A 22 W Wi U, — iR A ) TR
S IR 4 R B AN S iR Bl . 500 em ! T HY B Y A 0
5 C—H M 45 ¥z 3h A7 5, 7 M ik £ i ol 25 R4S
P18 W52 AT g 2652 55, AR ) R I B, | T LS R AR
FIA TR b5 B0 pH A B8, (0 E PR B 3E R R 5T
A ST BIE ST A Y A . DI, POD Y 4 45 A% 5
ZT2R N TR L 1% Y 52 ) 3 2645 AL g 1% -5 3 POD 3 4
7 A5 G A R s A v 22 I 2 T e AL LR
Wiy A% I 1 A= 4K B TR AR RN R 7E R T B R A5 B
KA,

i 1 7 Co) T, DA 3R B, 2-GC R AIE W 1 0 43 531
fif T3 420.7,1 610.1,5102 cm "&b, FESFE T ¥ i,
B-GC 7E 3 420.7 om™ ' RbFF 78 3R A9 6 0, £ 510.2 cm ™' &b AF
R RSP B-GC IS MR H Al i T T v s T4
o B-GC WYL 5 $2 1% 7 AR RE e v, ot (R0 R T

61241 612.5 {! 6148
¥ \

30.0 2341833 416013 4300

059.0 =1059Q 049.6 4 051.9

L Il Il Il Il Il Il Il Il J
4000 3600 3200 2800 2400 2000 1600 1200 800 400

iz
Wave number/cm™
(a) PPO
TR, - S =g
Bk r

34207\ "7

2
4
LI e T NS

P

L L L L L L L L L J
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number/cm™

(¢) B-GC

BRERS IEMARMAFMISREPXBEEEISEALIN

L KT JP B LA G35 W T A8 28, 7T iR 2 3-GC 52 Bl F 3k
Gy FISE A W] AR SR OF A5 PR32 B5E 0, DAT A R K
AR AL, B FESRER AT A5 oA AT 8-GC K i A N
EON A R R e T AR SN A0E T 5 e 4T 4%

i1 6 (d) AT A, &5 B 7E 29 3 423,11 635, 1 044,
514 cm ™' Ab Y BUERAE W ic i . S EEMEA LE L, 3 423 em ' Ab
FE P T 0 VI S 06 7 25 R B R B, AR AR AR AT W AR 58 fE R
T B AT AR A% | B T W TR 2 2B AR K, T 2% B HE R 0
FUAE (Y R RS FE LD SR RN T TR R & Ak
AR JUHAEZE I ) b AR A YR M s . RS LT
J 48 SUIX I 2 A W W I BAE TR 25 5, X S 8 g Y
R 45 4R Sh R T S AR B A 06T I, 2R A
FELAIN T i % BB AE H, 7F 25 e 3 A i L R O
JB AN 22 R K Sk o A5 T T AR A0 T N B, R T AR T

2L K TR e A T 2 ) R 1) HE AR 2R, 15 28 I 9 o B
WHA NTERR &

2.6 X-THEIE S

XS AT S G338 2ok 3 BT A S 45 S AT AR A AR 2 A
{58 WY B 4 M i £ 8 F B, i 7(a) Al
PPO 7EAF g g 208 , fif it ZEJH B AR TR TP h &
I T W T AE PR AR R R B T R R I RN, XS

L Il Il Il Il Il Il Il Il
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wave number/cm™
(b) POD
LE RN P S S gt}
\\S _pdhin PR \5, S Y P
P T

L L L L L L L L L J
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wave number/em”

(d) HEAH

B{6 H4Emmisdm T4+ PPO.POD . S-GC Fo & & B 094 2 vt 41 4 k3%
Figure 6 FT-IR spectra of PPO, POD, f-GC, and protease during Gougunao black tea processing
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Figure 7 XRD spectra of PPO, POD, f-GC, and protease during Gougunao black tea processing
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