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Effects of Exogenous Enzyme Treatment on Quality and Main Components of

Summer Green Tea
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Abstract: [Objective] This study aims to investigate the effect of exogenous enzyme treatment on the quality of
summer green tea and optimize the enzyme treatment conditions. [Method] Sensory evaluation was employed to
evaluate and screen the tea samples treated with six exogenous enzymes. The effects of cellulase, tannase, and
treatment conditions on the sensory quality, bitter/astringent taste attributes, and main biochemical components of
summer green tea were studied by electronic tongue and chemometrics methods. The optimal treatment conditions
of cellulase and tannase were comprehensively evaluated by hierarchical cluster analysis, correlation analysis, and
principal component analysis (PCA). [Result] Sensory evaluation revealed that cellulase and tannase significantly
improved the flavor quality of tea samples. Electronic tongue and biochemical component analysis indicated that
both enzyme treatments significantly reduced the predicted mass concentrations of bitterness/astringency as well as
the mass fractions of tea polyphenols and ester-type catechins (ETC) while increasing the levels of soluble sugars,
non-ester-type catechins (NEC), and gallic acid (GA). Moreover, tannase demonstrated a superior effect compared
with cellulase. Hierarchical cluster analysis and PCA showed significant difference between exogenous
enzyme-treated tea samples and control tea samples. Predicted mass concentrations of astringency and sensory score

were identified as key factors affecting the overall quality of tea samples. The optimal treatment conditions of
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cellulase and tannase were enzyme concentration of 30 U/mL, solid-to-liquid ratio of 1 kg:20 mL, and treatment

time of 40 min. [Conclusion] The results of this study can provide theoretical support for improving the taste

quality of summer green tea with exogenous enzymes and the utilization of fresh summer tea leaves.

Keywords: exogenous enzyme; summer green tea; quality component; electronic tongue
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Table 1 Results of sensory evaluation of tea samples treated with six exogenous enzymes
T A AW nth HR AU I aa
o PR B o s B B g By
o 5 ix 5 o
CK 4 4k 89.0 LW 88.0 .5 87.0 BREIE.VKEE  85.0 LWL 89.0 864
L it 4 i 90.0 k& Wl 91.0 HE HHE 90.0 FE K 90.0 L 87.0  90.0
W 2H i 5 85.0 k&I Wz 84.0 WEF.H 84.0 WKk 80.0 HRHLE 840 823
pIEIBEE AL sk 88.0 4t WL 89.0 JHE K 88.0 B 86.0 LWL 89.0 873
fEWi A R4 E4a RIE 85.0 LS 85.0 JHE HRERE K 90.0 EEE.HK 88.0 UL AE 85.0 88.1
HARA RHG T 84.0 LW 87.0 i 86.0 HHE 85.0 HLE.5E 86.0 85.6
2R R AL bt NG| 83.0 Wz 90.0 b 91.0 K 91.0 LK 850 90.2
#=2 BETHLETRHNREFRITER
Table 2 Results of sensory evaluation of tea samples treated with tannase
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TC24 W&t B 87.0  IREEWISE  89.0 A K 89.0 M 89.0  HELE.WIZL  88.0 889
TC34l %4 90.0 EEEHSE 91.0 EH AR 90.0  EEH 90.0 B4k 87.0  90.0
TCAM  BURG VREENG  89.0 REGLWIR 88.0 IRE.HK 88.0 ¥ 87.0  HLE.WIE  87.0 87.6
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TTI4H  BEE 87.0 k&% 86.0 HE.5 86.0 BRI 82.0 LS 88.0 844
TT2H Bt 87.0 LB 85.0 HEFH 88.0  EELAl 84.0 L 86.0 85.8
TT34H  BEHE 87.0 IREALEUR 85.0 FEF 88.0  FEAI 84.0 L5 86.0 85.8
TT44l B4 87.0 k% 84.0 IFE.BIK 89.0  FEEAI 84.0  THLESL 86.0  86.0
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Table 3 Results of sensory evaluation of tea samples treated with celluase
a5 T A TRE) HFA Wk T JEE oy
PG "5 Vi B35y PRI 35315 PEiE "5 15 PEIE /oyisy

CK 4l A B 88.0 LWL 87.0 4iiE 83.0 R R 82.0 LB 89.0 835
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CC24 & B 89.0  EIZ.WsE  88.0 A 90.0 [T 89.0 B4 .EIE 840 89.0
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CR24 B4 KH 82.0  RUZK.WIE 88.0 A 90.0 M. ALK 88.0  HELEISE 88.0 884
CR34 4. BH 86.0  EUG Wiz 87.0 RE.EUK 88.0 i 85.0 B4 WIsE  87.0 864
CR44  m&ZKIH 81.0 &k 86.0 FEF .k 86.0 Ly 84.0 I G L 86.0  84.9
CRSZ  #E4.H 81.0  HE W5z 87.0 HE.4LIE 86.0 TR HEE 82.0  BEARWISE 89.0  84.2
CTI4 %% 89.0  EGHst  86.0 JEE.HY 85.0 LEEAUS 82.0  IELEIASL 89.0 842
CT240 &5 88.0  4E.WIFE 90.0 FE. KA 89.0 [ 88.0  IELE.WISEL 88.0  88.6
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B1 FRESREGAEEHETRE TR EAER
Fig. 1 Bitter and astringent taste properties of tea sample treated with different exogenous enzymes
T4 BTHBULEBETEHPTERTER
Table 4 Main biochemical components of tea samples treated with tannase HAT:g/100 g
ESES 4153 KBRS B IR RS I EREREE VR CAF Jii & /3 51

CK 4 37.57+1.85° 2.14£0.07° 2.94+0.07" 20.25+0.08" 3.77+0.08°

TC141 37.2541.73" 2.43+0.10° 2.13+0.20% 17.47+0.69° 4.54+0.12°

TC2 4 37.37+0.29* 2.44+0.05" 2.22+0.02° 17.33+1.47° 4.15+0.31%
ity e i \

TC3 4 39.10+1.98° 2.46+0.04" 1.94£0.18% 16.91+0.89° 4.14+0.53*

TC4 4 39.05+1.08° 2.45+0.04" 1.85+0.02¢ 17.52+0.30° 4.15+0.44™

TCS 4 38.86+4.14° 2.46+0.04" 1.77+0.05¢ 18.33+1.14™ 4.05+0.12*

cK 4 37.57+1.85 2.14+0.07° 2.94+0.07° 20.25+0.08" 3.77+0.08"

TT14 42.08+1.54 2.76+0.18" 1.94+0.02¢ 19.13+0.58 3.63+0.13"

TT24 43.22+1.74 2.92+0.05° 2.21+0.09° 19.08+0.10 3.78+0.11°
b [

TT34 44.27+1.76" 2.94+0.02° 2.37+0.04° 19.26+0.35® 3.79+0.09"

TT44 41.51+0.70" 2.96+0.03" 2.21+0.07° 19.40+0.24 3.82+0.15

TTS 4 41.63+2.61™ 2.82+0.08" 1.94+0.11¢ 18.09+1.21° 3.72+0.11°

CK 4 37.57+1.85 2.14+0.07° 2.94+0.07° 20.25+0.08" 3.77+0.08"

TR1 41 43.81+4.49" 2.01+0.06* 1.89+0.16" 17.91+0.62° 3.46+0.38"
. TR2 41 42.40+0.87% 2.15+0.15 1.85+0.09° 19.53+0.26™ 3.60+0.25"
Rk TR3 41 44.51+1.92° 2.08+0.10° 2.13+0.15° 18.54+1.03% 3.54+0.30"

TR4 4 43.67+0.99" 2.23+0.10° 1.93+0.05" 19.34+0.23" 3.45+0.17"

TR5 41 41.41+1.45" 2.08+0.07° 1.85+0.10° 19.19+0.72% 3.37+0.03"

AN FVNE FEARAE R — B — 48 45 T 22 57 B 3% (P<0.05).

%ﬁﬂ%ﬁ%ﬁ%%ﬁ%ﬂuﬁ%a 1ig 1 2% 2 Wy

B BB AR o B T B AL B R AN - T
@ﬁ W B 10~40 U/mL. Kb ¥ 1 kg: 10 mL 8%
1 kg:30 mL. 4b 3 [7] 20~80 min.

BH 2 5 AT, 75 2F 2 2% I i oK FE AR Ak i 58
5 CK 2 A b, o Ath 241 1 T v M 0 5 A o B B
T+ (P<0.05) , JifF 25 28 5 1R o & A 2% 2 W i & 4
Ko PR . Bl 2 4 3 T AL B TR R G, K
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15 L )RR R T R > BT R T U RS A
i a8 B RIRE A m &%, 7k 2 B M CAF i
B BFR S BRAR . KR A CAF i & 4
K LE b R 1E) A 40 min At 5% 43 78 Ab BRI ] N
20 min i} , 5 CK 41 A & # 2 55 (P<0.05) . fE4f
e R MR LRI, 5 CK A A EE , JLAh 4
(1) 7K 32 tH ) F0 AT s PR B T & 4 P =, CAF i &=

BE305H1 2025 8 A | RRE5EYEARFER

I3 HUBEAR s U AR 4E R IR L N 1 kgt 10 mL i,
KEHEY) ATEMERE R 28 CAF R E S
CK H A b & 35 2 H (P<0.05) , CAF Jii & 7 3 #e
BRI EE N 1 kgt 50 mL B I8 B AR {E - 25 b, b
B Ab 3w T AW R N T RT I b
I3 B, FRAR T 3 TR R KT, HEWI X AT fE X 25
YR B A SCE A .

RS AUZHBULETEHEPEITERSTER
Table 5 Main biochemical components of tea samples treated with celluase HAT:g/100 g
ESES R KBV RSB TAMERERE S AR AR 7% % Wy o B CAF Jii #4351

CK 41 37.57+1.85° 2.14+0.07° 2.94+0.07" 19.06:£0.42° 3.73+0.26°

CCl14l 43.23+1.37" 3.21£0.16™ 2.07+0.06" 16.72+1.14° 4.12+0.18°

e cc2d 42.04+6.00° 3.21£0.09" 1.96+0.01° 16.27+0.74° 3.61+0.07"
kL CC341L 40.01+6.53° 3.35+0.14° 1.92+0.20° 15.44+0.58° 3.86+0.05%
CC44l 42.63+1.81° 3.01£0.10° 2.1240.13" 16.32+0.51° 3.36+0.09°

CC5 4 44.14%0.26" 3.03+0.11° 2.21+0.03° 18.79+0.30° 3.86+0.20™

CK 4l 37.57+3.39¢ 2.14+0.07¢ 2.94+0.07" 19.06+0.42° 3.73+0.26"

CT14 43.1242.40% 2.78+0.07° 2.18+0.12° 17.73+0.56" 3.57+0.20°

. CT24 43.64+1.79" 2.92+0.12% 2.80+0.08" 17.36+0.45" 3.35+0.09*
CT3 41 46.22+4.13° 2.9940.02° 2.91£0.07" 17.06£0.42° 3.35+0.35%

CT44 42.79+1.96° 2.99+0.06° 2.85+0.18" 16.73+0.77° 3.33+0.13%

CTS 4 44.77+2.97% 3.05+0.09" 2.90+0.03" 16.62+0.43° 3.08+0.16°

CK 41 37.57+1.85° 2.14£0.07° 2.94+0.07" 19.06+0.42° 3.73+0.26"

CR141L 43.44+0.46" 3.02+0.03° 2.90+0.04" 16.27+0.49° 3.35+0.08°

. CR241 39.46+2.42% 2.93+0.09° 2.80+0.19" 18.44+0.62° 3.42+0.10°
Pt CR3 4 41.78+2.26" 2.97+0.04* 2.77+0.02" 18.19+0.97° 3.31+0.03°
CR4 41 42.99+0.64" 3.06£0.04° 2.74+0.03" 19.48+0.55" 3.25+0.05°

CRS 4 42.96+1.59° 3.05+0.02° 2.74+0.06" 19.14+0.17° 3.21+0.24°

AN FVNE F EACRAE R — I ] — 48 45 F 22 57 B 3 (P<0.05).

232 SMREER M AP ETC W%k
ETC # ) EGCG.ECG M1 GCG & & & K XX 1%
HE TR (1 32 B DT RR A BRI L T = Bkt e
KGR BA EEAEH . A F SR HE X 4
FEHETC B2 OL I 2. Bl 25 B 7 I 94 2 16 T
B, 2 FE R EGCG.GCG 1 TE Jii & 43 3034 W & [#
iK:ECG i & 70 # B5e T 5 AR ) #a 35, 72 5 T
ity I 9 B =40 U/mL B} 5 CK H A7 75 & & % 57 (P<
0.05) . TE 7~ [A] B 7 il Ak 35 ) ) 0 B T iR O LE 4%
K, 25 ¥ h EGCG.ECG M TE Jit & 2 % 47 48 [%
ik, H¥ 5 CK A /£ 1E &8 3 2 7 (P<0.05) ; i DRE
DU I B 5 Tl T A 5 R0 Ak I D) F 88 KRR L F Ok
NERFGT

2R 2 K BT ETC 2 e /s T 57 i, Bl o 21 4
F GBI 3K, 2B % ETC A TE Jii &= 43 $ b

Z VA%, HoAE 25 4E 25 B 5 7k B2 08 10~40 U/mL B 5
CK HAFAE 3 72 5 (P<0.05) . 42T 4t & g 4b ) [A]
53929 60,6020 min i, 5 H1 4 B2 EGCGLECG
HITE i &5 U # K T CK41(P<0.05) . fE4F4E %
FERIE LA 1 kgl 10 mL I, Z5#E %% ETC A1 TE Jii &
S CKAFHEWN R ZES . 54, DRETEL4ER
il 5 7 5 4 40 U/mL. 40 B2 1] 24 120 min BHE H
1 kg:50 mL B 43 Ak B i . 48 b, 5 CKA
FH G, 2 A1 U5 g Ak B 35 e A2 — s F2 B B BRIKETC
J & Sy #0321 DRE, B B RUCR AR T 47 4k 2 i
X—Z R AR T T AR 5 T i ETC K
AR NEC 5 GA BT 8.
233 SNREEA A AE P NEC 89 % vh

ETC nJ i@ i i #4824 1) 16 1F F %% 16 29 NEC,
NEC %Wk Z2 M HAa A B H o AN [R) A1 6 i Ak 22 56t
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Fig. 2 Effects of different exogenous enzyme treatments on ETC in tea samples
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Fig.3 Effects of different exogenous enzyme treatments on NEC in tea samples
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Fig. 4 Effects of different exogenous enzyme treatments on GA in tea samples

24 REBADHER
RANKHHRAREE I ERNES. HRKIK

PR 9 15.0 8, 16 NS AEFT 3R O 2 K36, CK

ESBSE A BRI/ S GEE NP o NN ) | B

AN AL B B AR S CK 4L R AP R K ZE 7
RK R &N 1000, SRR 4 A 2 MWK, X
T o 4k KB A AL, -a 0 28N AN [R] £ 4 2 B B I
JE b HE2H , T1-b 3 2Kh AN [ £F 4 25 i A 3 1 () L R)

157



158

Journal of Food Science and Biotechnology

5 10 15 20 25

0
cT2 -

CT3 ]

CT4 :
ors
CR3 '
CR5 :]

CR4 ] § :
CR2 : 1-b
CRI ;
CTI

CC3 -
CcC2 ; —

cCs

ccl : ; ;

CK : . L3
(a) 214 Kl

Il-a;

BE305H1 2025 FE 8 A | RmEEYRAFR

20 25

(=)
W
1=
-

TT2
TT3
TT4
TT5
TR2
TR3
TC2
TC3
TC4
TC5
TR4
TRS
TR1
TTI1
TCI
CK

11;b

HL

1,

I

1I-a.

(b) F

BS5 FRSRIBAEEHGZEARESITE

Fig. 5 Results of hierarchical cluster analysis of tea samples treated with different exogenous enzymes
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Fig. 6 Results of correlations among mainly parameters
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Table 6 Eigenvalues, variance contribution rates, and

cumulative variance contribution rates of principal

component
TR AR T ETHRE Y BRI ZTTERE /%
PC1 11.030 52.524 52.524
PC2 3.385 16.119 68.643
PC3 2.760 13.142 81.786
PC4 1.104 5.257 87.043

B 5 I 5 9 FE AH 9% F8 bR (CAF VKR W) KR
1543 s PC3 3 22 e B VR Wk 5 i ok it Joid (5% 22 Ty A
AU PERE) s PC4 F B4 & GCG M AH X5 B . K
B 5 a E MR GCG A 2 Wy 2 A% 3 %
(P<0.01), W 11 B8 55 /K02 H ) 5 4 2 35 1E A O
(P<0.05) , 7 Bk T 07 29K £ 5 CAF 2 1) & 3 M
KM (P<0.01) o J& T X L& 45 bR [A] (1 58 0% BX M4,

PC3 Al PC4 7] LA PC2 A3, IR I K IR B 15 70 1
N PC2 AR ERARHT -

Xof A0 U g AL BE 0 2 FE T R R U VBl
A I A0 HE AR B B 2 AT R B, B — (A I 4 AT O YA
TCVE B 58 2 T A1 U5 T 1) o AL B 0% A IR G R N
PWREAT G . ok, REEE SRR, I E
BEALEEZSREI M S5 CKA ZE R K. M4 R
fiig B W £ SN 10, 20, 50 U/mL, ® 7 b N
1kg:10 mL.1 kg:20 mL.1 kg:30 mL, &b B i i8] g
20,40 min I, T 73 28 FF 00 722 5 B0 4 5 2 R T g
ity 3¢ 4 102040 U/mL, B L 4 1 kg 10 mL
1 kg:20 mL.1 kg:40 mL, &b ¥ i [6] & 20,40 min
WL ARMER R ESAR. HX XSS
PCA 45 JL3R BV Wk Y000 J 525 9k B RS 7 43 40 % 2%
P i T 5 K, 3 T R R X 2 A 48 B 7E A
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Table 7 Factor loading of quality variables of tea samples

o [ 7~ 8 A
i 3 R A
PCI PC2 PC3 PC4
DRE 0.962 0.076 0.134 -0.184
PRN 0.946 0.134 0.053 0.243
TNE 0.944 0.226 -0.003 0.208
GA 0.928 -0.133 0.213 0.017
GA A ji s £ 0.928 -0.170 0.202 0.026
EC 0.924 0.182 -0.135 0.082
EGCG -0.923 0.023 -0.177 0.207
TE -0.918 0.094 -0.222 0.230
EGC 0.910 0.317 0.051 0.189
i B R -0.763 0.154 0.446 0.232
ECG -0.751 0.352 -0.410 0.262
C 0.728 0.188 -0.177 0.303
GC 0.702  —-0.540 0.010 0.270
o WA T O A -0.696 -0.070 0.529 0.106
V7 WA TN T A -0.695 -0.119 0.507 0.088
RGAER -0.093 -0.774 0.058 0.423
AL 0.027 0.750 0.403 -0.153
K 0.228 -0.690 0.452 0.051
GCG -0.015 0.658 0.403 0.539
CAF 0.137 0.402 -0.813 0.077
RE ) -0.052 -0.628 -0.650 0.143

R A FE A% 1 R 0 78 Ak AR B X 2 B A IR 1)
b B2 ) N BRI 30 U/mLBHB HE 1 kgi20 mL.
A FR I 8] 40 min.
3 &

B RGRUER B 2, 5B R
Y8 F) F 2 I, 31X — 1) K T BE A 25 7 ol g R R
J& o TE S RO S OTE B AT, B R L
S P ey S5 e o R0 S )2, H 2w BT A A R A
X 22, oG Ab B 2% A I AR A A s — B AT .
TEFHWRI T AN N B = R IR B0 A E %
B IR . g5 R B, £F 4k 3 R B A
i e G R PRI R U R TN R R R FE 6
MERDUREEHERR. hFitEEEZ
JLYETE o B AR B, &4 IR A H S 1) E F 4
Zm RS CKH % R8O, R FE /KR B AT i
PERE NEC FI GA Jit 5 73 50 5 35 T &, Ui 28 S 2k 1R
BOE A Z R ETC & B & AL, T
BRI T2/, Rk, R TR0 E 2+

BE305H1 2025 8 A | RRE5EYEARFER

or R AT AL B, B R T2 A A O I T L PR
I B R B, AT O AR R R . 4 S A SR
T, B 2 58 2 B A1 IR I IR AL 3R 5% 1 38 Dl B KR FE
30 U/mL+ B EE 1 kg:20 mL. 4 F i 8] 40 min.
2 AT ] Dyl A A U B O R R AR 5T
N H 7R A% YR A R A PR B R K BE S
F =il
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