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Exogenous Enzymes Improve the Aroma Quality of Wuyi Rock Tea
XIE Li-ling, XUE Wan-ru, LI Dan-yang, ZHOU Hui-yuan, MENG Chun, HONG Jing"

(College of Biological Science and Engineering, Fuzhou University, Fuzhou 350000, Fujian, China)
Abstract: The effect of exogenous enzymes on the volatile components of aged Wuyi rock tea was studied by gas
chromatography—mass spectrometry (GC-MS ), sensory evaluation, and odor activity value (OAV ) method. The
GC—MS results showed that cellulase, pectinase, laccase, and B—glucosidase at the ratio of 2 : 1 : 2 : 3 were
beneficial to the release of aroma substances, especially alcohols, esters, and ketones. The sensory evaluation
and OAV results showed that the addition of enzymes significantly improved the floral, sweet, and woody
aromas of Wuyi rock tea, and the complex enzymes showed the best performance, followed by B—glucosidase.
The addition of the complex enzymes reduced the content of hexanal, 2-hexenal, and (E,FE )-2,4-hexadienal
and decreased the OAV. The above results demonstrated that the addition of cellulase, pectinase, laccase, B—
glucosidase and their combinations could significantly improve the aroma quality of aged Wuyi rock tea.

Key words: cellulase; pectinase; laccase; B—glucosidase; gas chromatography—mass spectrometry; odor ac—

tivity value; Wuyi rock tea
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1 #Rl5H*
1.1 MRS
1.1.1 ARG

MRAE IR 5 2% T s 1 4 2 (50 Ulg) L e il
(500 U/g) AR#F(120 Ulg) B 4H 17 EH (100 Ulg): I
TR AR R A PR 7] a2 ZLBE T F(9 000 Ulg) -
R RS A Y H ARG PR 7] 52— BE(10 me/L) : BT 7
TG R ) A BR 2 B SR A (T4l )  JEK & B
(fa kel ) . 258 b 2200 A BR A A 5 5 R mE I 3-
CUREE RO 2,5- bk X —a— 5% 24l
(X1 R o540 ) : Sigma—Aldrich 23
112 AU SH&

7890B T AH A 3 — it 1% 156 A . Agilent HP-IN-
NOWAX 5P A L4045 4 (30 mx0.25 mm, 0.25 pm ) :
3 [E A BHE 2 7] 5 Supleco [F]HH 190 AE BUKE B (50/
30 pm DVB/CAR/PDMS) : 5[5 Supelco 23 7] ;98-T-B
P, U8 T FE A« DR T 28 R AR AT B A 7] s SHA -
C TE IR 45 - B A R ) AR il A PR 7] s DF -
1018 FERE IR ARG 740 H1d - IS TR AT
FR DAL A 524/29 UK Z8 SRR &« U1 &3 (4

IR BRTHEAF],
1.2 Wk
121 REARFIW AL

KK 28 AR B IE S U AE R S R &R
Yot , BRI 5 5 g RICAZSMA RN E AT 100 mlL &
aliK AR R, IS SRR S0 C R 2 h J5 , i
TTKZE 78, 25 5 e ORI
122 SERAEREH W AR

T2 [ AL ZE B (headspace solid phase microex
traction, HS—SPME ) A IR i - U 1.2.1 v 438 1 AT
i 6 mL, fITA 10 pL 2—=FEE(10 mg/L) 1 2.0 g FALH .
60 CARVAE M 15 min J5 , 4l A C BRI ZE IR, T %S
WZFF 45 min J5 38 1 AR % - B B (gas chromato—
graphy—mass spectrometry , GC-MS ) {4 , 250 C 444
TA#ENL 5 min.

GC-MS 434 25 - 1% HE 4 HP-INNOWAX 544
A (30 mx0.25 mm,0.25 um ) ; FERE LR 7
H 250 °Cs THR AL : W ARAE IR 40 °C, PR FF 5 min,
5 °C/min F+Z 240 °C,A45F 5 min, JFIEFTHE] 5 min; iF
FEOT A AT

J i 25 - L 7 Ok FL -2 o L S U (electronic
ionization, E1), L T-BEt~ 70 eV, B TR N 230 °C,
ARG FEN m/z 35 amu~450 amu,

FEPERE AT B GC-MS KT A T 5 NIST. 11
library AHUCHC , DT & #4551 1023 o A IR 5 7Y
B (2 B )W T AR A LU AT T B3 A5 i b 43 M I
SR ERS o+ 8

DA BRZE S A2 AW e M
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1.23.1 AR5 ik

2T 4 2 T I R i kg Bt 20l 52 L AN [ 1) 42
A Tt it ip X R 2 (R AP D2 2 mg) . BAK
BRI E  a X HR 4] (control check,ck ), AN ;b
PRSP+ 21 i SR -+ R B+ BT A B I s ¢ 2T 2 3R Tl +
TR Tl o2 FURH AT il 5 d 27 2 R b+ SR I+ T il s e
2T A5 3R G+ R I T+ — 6 A W I 5 £ 2T 4 3K 1l + SR
it + % T+ o — 2 FLWH 1 I8 5 g 2T 248 2% T+ R I Tt + 145 Tl +
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Table 1 Factors and levels
S
K ALFYEEEY B RIKEY  CHERY D p-HiAiNE
(Ulg) (Ulg) (Ulg) FE/(Ulg)
1 0.30 1.5 0.36 0.3
2 0.45 3.0 0.72 0.6
3 0.60 4.5 1.08 0.9
1.2.4 JEEEM
27 FHOCSCHR[17-20], 3£ U By AL ORTF

At AR 5 R E SR M E PN bR . BL—
FEVRFTCIK Z BB bR e 43 IR R A 1.5.9 43X i
e B, I 8 30 R S AR TR A o HAAR bR i
UL 2, BEHL 12 Z BB PR AL 61 (20 %/ ~40 %, G046
8 LN 4 24 Y3 ME ) Xt Je 19 25 A 16 (25+2) CIY
R PIE TEE P . o 1 RN AR
16,5 D FRTFRIE R E 9 D FR T RIER R
x2 REEFDETEMTE

Table 2 The sensory evaluation standards of Wuyi rock tea

pe/L
HFRRME AR LW SAPUREE 9 U
& pagiai 10.0 50.0 90.0
A IR 3L A7 70.0 350.0 630.0
ik K 4.0 20.0 36.0
W 2,5- =L 20.0 100.0 180.0
A R oY 0.4 2.0 3.6

1.2.5 FSWETEE (odor activity value, OAV Nlicpan:}

OAV AR R B 5 HOE i 1 (R 1) LU AL
A HARSCSCHR18, 21 RS B {8, FFAR I 2 B 45 R 5
OAV {8, HHHEARXIT .

-G
OAV= oT

K BRI, wg/L; OT, A% E K
B BIE , pe/Lo
1.2.6 gt

PRI 3 UK, i [T SPSS statistics 18.0 4t it
MR EA T SR 2R 5 255307, AL Mini—tab 17 #£47
1EZETT 223 A MR 22 538, R SIMCA 14.1 Rt 4 7

TR fH ] R 4.05 FEAT RIS 08T . e ah
SRR p<0.05,

2 ERG5S
2.1 AT B IA A R L B RN
TN EEIE FRAT 2RI R B0, 3 vl RE AL LR
FRCE AR RLE R TR . HA LR i
W 7 R A AL BB o, i S A 5 0
AR GRS BRI A 2
e i e b 2R K R R TR Y , E A IR
BT LA 5k S A S MRl R (2 R 2 A AR R 52 3
IR Y IO | MR Gl 128 285 1407 Ay ™
AN [V 5 T S R A R 2R A GC-MS 73 H 4
FAnE 1 PR,

120~ — Iy 8000
105 = E YRR A 7000
AB 3
90| g B B AB d6000
75 B A y 5000 ~
L 5 i Z
= ¢ i
& oo C H4000 &2
sEp ) -3 000 ‘*§
30 “2000
Rz
15 -1 000
0 0

a b ¢ d e f g

a X RREEL 5 b AT+ T AE 3R T+ SRR+ B AT M 10 5 o 2T 4 3R+ R

P+ U ; L ZT2 2R - R+ R ; e 2T A M-SR+ B

TP TV s LT R B R R+ B+ o T UV 1B o TR 2R
JRe g+ R B+ B- A A I . AR FREOR 2257 3 p<0.05.
E1 AREABLENREAFESWRESEMIEHHIM
Fig.1 Effect of different complex enzymes treatment on the

aroma substances content and peak number of Wuyi rock tea
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MR 25 L, I bR S RIS AT U Rl R
ity AR T B 4 W
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Fig.2 Effects of different concentration of cellulase on volatile

components and characteristic aroma of Wuyi rock tea
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RSB RIS S A SR W A . A AT
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20 B AN PR A AR 2R $ T 2 A e A L DA
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e, AR — KA R, FRYTEA
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RS HERFFERE I 55 BB S e 2R I R B, R
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Fig.3 Effects of different concentration of pectinase on volatile

components and characteristic aroma of Wuyi rock tea
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Fig4 Effects of different concentration of laccase on volatile

components and characteristic aroma of Wuyi rock tea
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Table 3  Results of orthogonal test of complex enzymes ratio

D B-TiA AR

AL4EZE BRI C B

5 W) EUR) (Ul ﬁfgf?’ (fﬁ’)
1 1(0.30) 1(1.5) 1(0.36) 1(0.3) 4 674.52
2 1 2(3.0) 2(0.72) 2(0.6) 5 753.57
3 1 3(4.5) 3(1.08) 3(0.9) 5 805.99
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Continue table 3  Results of orthogonal test of complex

enzymes ratio

D B4 AW

AR B CHEEH . .
TS5 u) WU (U %Sf?/ (Ej/)

4 2(0.45) 1 2 3 6 455.96
5 2 3 1 532031
6 3 1 2 5 185.62
7 3(0.60) 1 3 2 4577.67
8 3 2 1 3 4 800.13
9 3 3 2 1 5051.26
ki 5411 5236 4 887 5015
ks 5 654 5291 5754 5172
ks 4810 5348 5235 5 687

W2 R 844 112 867 672

wi S A, B (3 D;

FWIT C>A>D>B

& 3 AT, S A A I e ) R 2R R R
5 C>ASD>B, A,B,CoD; 445 S F R Fedd:
TR BT 2250 L 4.
x4 BEOFRMBEFEMM

Table 4  Analysis of variance of total aroma substances

JrZERUR SFJTRISS HEEE B MMS FH p{E BEME
A 2267 358 1133679 941 0006  *
B 37 350 18675 0.16 0.859
C 2283 487 1141 744 948 0.006  *
D 1 483 009 741504  6.16 0.021  *
TR 1084108 120 456

O NN NN

e FoR2E 5 WA p<0.05,

H2 4 AT A (SR ) CORRE) D(B-H 4]
B )X &R R R A B AR (p<0.05), B
JRE T ) A6 B i A ) TR R I BB (p>0.05)
HARH S A LA 6,

2224 i 2%
8000 - -
. L S i
3 7000 £
T 6000 . e J 11
%224

%22
R 2229 5558 9554
Yoo o5 gl 9%

= 5000F I

= X -

& 4000 v i 7 B O o
%224 Rz
i

S so0of Z L
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% 1000

0

ck#81 2 3 4 5 6 7 8 9

6 ESEAEIRLEZTREER

Fig.6  Orthogonal test results of the complex enzymes ratio
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43%F EE
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8 000

~ - »
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2 6000F
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8= 3000}
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e H e = = H B e
B ERE OB mR B
B
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90 HAb Bt
80 Ll [ES
70 N [

W e

e fil/9%
3

llIEZ

[oN]
(=]
1 1 1 1 1 1 1 1 1 1
lI
b
b

ck 2E Az Bz CZ

D, AB,C,Ds

AFRRAEYI TR )51 s BAERNEWSTER 53 LU0 5 ok X IREH 5
A.0.45 Ulg 214 Z il 3 B,.3.0 Ulg I 5 C,.0.72 Ulg il 5
D,.0.6 U/g B—%%*ﬁﬁ%§AzB|C2D3 SR ET Y 2R il SR il
R MA T A=2:123(F i ) . ARV/ING FRERR
25t p<0.05,

B7 SAERKFHELZEMREAS SE RG]

Fig.7  Volatile substance component content and ratio at optimal

enzymatic hydrolysis level

H1I&E1 7A FIRD, BA—BEFNE 5 Y BEW] 2 4 = Bk
FRFVARF RS, TR R B
Jef i MRIEE RO UL, S A M0 A O A s TS
Yy & A SR A B R R, AT
(AB,CDs) MRS T A A 8OCR - S A IRZ TE 12
& 25 (p>0.05), Supriyadi P 25 SR B B4 45
PR IACRT LRI A S A S, T 22 2K HY
A G e A SR R R, T LA T 2 A ) o 11
AT RERAERERIAE IR , B2 o A e A R s % T
Wk, X IR AH L, B — i X S A AL B RE
BER A& (p<0.05) , (HIZ A INEFLH 2 7] JC .35
Z5(p>0.05).
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Fig.8 Heatmap analysis of major volatile components for the optimal enzymatic hydrolysis level
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RS . B R EHAINSEEE O R RERR M A
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FLnREE h FRERAA YR IEATE 5 Ak
fi | PE— A AR | X — B R AE LA 0 R B BT
Sk LB

S5 DU AR A A TR IR g 2T 3
3,5- HIFENEE R HEE S -3-C R 2-H T
FRTE AR A SR PR 2 T, 3k ) S 7 4o B
AT Co(BR A A b & eIk, Hoh, B 5 A I
W TETE A (LY Z I ) 4l & e i s A SR G
ARAEW A I ER H B AE CoORBE ) 4P & i3
I, 7F BoCRIEHE ) A D, (B 4 0 11 i ) 2 v & 4
1o 5 LA A6 SR A 1) 78 I 2 P I A X R A v 0 G
F|, MAE D, (B % b 11 1§ ) Fl A,B,C.Ds (& & )4
S R B T AL
2.5 BRI R R I A AT Y OAV MU
WA B 5

R4k GC—MS AN 1 A4 22 100 T AR VRE DG Sk
FRAE AR B, T 1 OAV i, B
KF 1 ABEEBI ARSI 5w, e O 43
J& OAVERTF 1 IR MR 3L 15 4> 4513 5,

M 5 T LLE H FELF 4R R (A,) R (B,)
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Table 5 Odor activity value for different enzymes treatments (OAV>1)

¥ EAS B/ (pg/L) SRR ck A, B, C, D, AsB,CaDs
1 iz 10.0 & & 39.02 57.52 66.21 71.59 76.98 97.21
2 B-5% 8.4 i 32.31 49.93 55.93 57.81 61.77 67.10
3 iy 75 WAL I 23.34 38.73 50.75 47.13 54.83 64.99
4 iy 10.0 N 8.73 14.32 17.24 21.81 17.92 14.52
5 ESL/NIT 0.5 N 223.75 346.23 356.70 308.52 409.11 469.60
6 LGS 40.0 e 1.94 295 3.13 4.08 3.82 3.70
7 CLE 45 REHE 10.98 16.41 16.76 8.64 7.30 481
8 B-IRFrEE 5.0 R 7.07 12.05 12.26 13.00 12.36 11.92
9 KR i 40.0 WA 2R 1.12 1.83 2.01 2.18 2.06 221
10 T 1.1 HHRA SR 20.10 25.09 17.16 16.34 18.07 23.62
11 F keSS 15.0 B R 0.73 1.19 143 ND 0.81 ND
12 2-CU T 17.0 A SR 1.02 1.58 1.50 0.95 0.78 0.92
13 T 13.0 AT 0.43 0.64 0.87 0.40 0.70 1.54
14 (E,E)-2,4-C0 MM 10.0 A 1.20 1.34 0.82 1.04 0.98 ND
15 At I 60.0 T 2.14 2.36 2.10 2.76 2.88 2.14
OAV EMH 373.89 572.18 604.86 556.26 670.39 764.28

L ND FORAA .

GEG(C,) B- A BE TG (D,) &2 A (ALB,C.Dy) I FE
FHF , RAFER T A Z5H OVA SH M 373.89 439l &
572.18.604.86.556.26 .670.39.764.28 , Hor , sk i K
S G T, HOE - A b H T

P 9 Sy AN [l A BR A 0SB PO B A A

HiP 9 Rl AL ] 4R i 1 R AR AE A |
Bt AT MU T A T REAIG, s 75 vl RER HAT B 2R
TR E W E . Zhang SFRIRTFE KB, B4 W
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Fig.9 Radar map of different enzymes treatments
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7
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AEZ G SRR NG B- AN TR BT L 201
2 3 IR T AR AR, BLI A S =l
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