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Abstract: To investigate the effects of exogenous enzymes on the quality of Toona sinensis fermented tea, this study evalu-
ated the sensory attributes, active components, antioxidant activity, and volatile flavor compounds following treatment with
cellulase (CE), flavourzyme (FLA), and polyphenol oxidase (PPO) during fermentation process. Compared with the control
group (CK), the CE, FLA, and PPO groups with exogenous enzymes addition showed significantly higher sensory scores,
active components content, DPPH- scavenging capacity, and total reducing ability. The CE group exhibited the highest
sensory scores and significantly elevated the contents of free amino acids, tea polyphenols, total flavonoids, theaflavins, and
thearubigins increasing by 12.44%, 8.13%, 9.25%, 12.50%, and 9.76% compared with the CK group, respectively. The
majority of active components content in the FLA group was lower than those in the CE group or PPO group. Notably, the
PPO group exhibited a bright red tea liquor and a bright bottom in the leaves, with the highest contents of water extract
(42.63 g/100 g), soluble sugar (5.27 g/100 g), and theabrownins (15.15 g/100 g). Both the CE and PPO groups demon-
strated strong scavenging capacities for DPPH- and -OH, while the FLA group exhibited the highest total reducing ability.
Gas chromatography-mass spectrometry identified 74 volatile compounds across five chemical classes, with 43 common
components accounting for more than 84% of the total relative content in each group. Compared with the CK group, the
CE, FLA, and PPO groups detected more aldehydes, alcohols, and esters. Among these, the PPO group demonstrated the
highest variety and relative content of volatile flavor compounds. Based on odor activity value (OAV) and orthogonal par-
tial least squares-discriminant analysis (OPLS-DA), 15 key volatile flavor compounds (OAV>1) and 17 differential volatile
flavor compounds (variable importance in projection, VIP>1) were identified, respectively. Among these, 6 compounds,
namely phenylacetaldehyde, p-methyl benzaldehyde, f-caryophyllene, a-caryophyllene, eugenol and (E)-S-lonone, were
defined as key differential volatile flavor compounds with both OAV>1 and VIP>1. In conclusion, the PPO group exhib-
ited the best overall quality, characterized by a mellow and fresh tea liquor, bright red color, high level of active compo-

nents, strong antioxidant activity and a rich characteristic flavor profile.
Key words: Toona sinensis fermented tea; exogenous enzymes; active components; volatile flavor compounds; comprehen-

sive evaluation
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’f&@@(Polyphenol Oxidase, PPO), il & & 0 &t & 1
AT A ., (R RTINS S K S
1.2.2 BEEHIE  MEFIFREL 3.00 g 250, i/ 150 mL
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Table 1 Sensory evaluation scoring for Toona sinensis fermented tea
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Table 2 Sensory evaluation analysis of Toona sinensis fermented tea with different exogenous enzymes
25 CK#H CE#H FLAZH PPOZH
oy THE  ACREEE AW, RN FRES AEW, DBE ARES AW, QRN ARRY AN, BEE
Ty 88.5+0.1° 89.6+0.1° 88.8+0.2° 89.1+0.1°
- THE Faig= AP A TR
W4y 90.5+0.3° 91.3+0.1° 89.3+0.2¢ 90.9+0.2°
s PP TR R AN i A, VAR TR ANENR LA, WA B RATEIR AL A, WRABREA TR ANER LG, WA
A P53 89.3+0.2° 90.2+0.1° 91.1£0.2 90.5+0.1°
- PHE W EJRE, i i i JRL i 3 PR, i ik 3 i JRL A €
‘ P53 89.5+0.2¢ 91.240.2 90.5+0.1° 90.9+0.2°
e S 2], w5 A, IS HA], WS A, B2
T e 85.1+0.3¢ 88.1+0.2° 86.6+0.1° 88.9+£0.1°
Ry 89.0+0.2° 90.3+0.3* 89.7+0.2° 90.2+0.1°

TE: CKEAZS I B, CEZH R A INET 4k 3R A4 ; FLAZE i WUSR AR 11 B PPOZH R o8I 22 B e ALt o AN [ Ak B2 i) A 7 2 e Wl 25 PE LU, R4 A1)

FRFRZEFARE (P>0.05); AF/ING FHEFRREE 2 5 1.3 (P<0.05) .
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Table 3  Effect of different exogenous enzymes on main active components of Toona sinensis fermented tea
e E (/100 g)

MO ke WEEOERR AR e KL B K H HUK P E s
CK4 40.22+0.12° 11.58£0.11  4.65£0.03°  3.83x0.05"  4.92+0.03°  4.11x0.03°  0.56£0.01" 9.94+0.10° 9.99+0.06°
CE4H  4232+0.06'  13.02+0.15°  4.75:0.02°  2.63:0.05°  5.32+0.06'  4.49+0.04°  0.63+0.01°  10.91x0.09°  14.76+0.03°
FLAZH  40.66+0.29 12.35£0.09°  4.96£0.02°  3.84+0.03"  523+£0.02"  4.46+0.03"  0.56£0.00° 8.72+0.05° 14.7240.10°
PPOZ  42.63+0.18"  11.86x0.09°  527+0.02°  2.48+0.02°  4.94+0.03°  427+0.048°  0.61£0.00'  10.01+0.13"  15.15+0.03"

T RS ING S 30T BE FoR B 2 53 i 3, P<0.05.
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0.05). CE ZHZRFRF B 24512 (13.02 g/100 g) . 2R + AN XN
M (532 g/100 g) . A H T (4.49 /100 g) . 5 # % 2T A J l N\ J ;
(0.63 /100 g) FIZELTZ2(10.91 g/100 ) f 4, R Y Y
5 CK A L4 B4R 5 T 12.44%. 8.13%. 9.25%. CK#l  CE4l  FLA4L  PPOAL
12.50%. 9.76%, iX A] RESZ K S MRLT 4= B IR T B 21r | x4
TG IICEFE I AR BE LS AL, $2 78 T Ast2a gl nd s, L8F gfiﬂzﬂ
e T 2 LA . S B R A IE P o RS DL M 2k 22 1.5+ —— PPOZ
it Ak, $2E T AT AL R iy o2& (B Z )
W o7 i 55 IS T CK 211(P<0.05), ATAESEPA Jy 2T 44k =
ZR I B R A O, (s M S AL R A AR BGRT 06l
Y S EC A B T Y. FLA dEW & BRSSP 03
MEGR 2 B 25 = T CE 4R PPO 4, [SRMIMMEHEFITEL A S
B A1 H A 5 4 4 5 R T CE 418k PPO 411 (P< O e ey
0.05). PPO ZHAHEHIKIE 1) (42.63 /100 g) . 1] B 1 OR[N R R L T A TR
P P 1 (5.27 /100 ) AR # 32 (15.15 g/100 g) Fig.1 Effect of antioxidant activity in Toona sinensis

T, SCK AAHE M AR T 5.99%. 13.33%.
51.65%, {H IR L i S s MK, AT RE SR
AR I JLAS A 2 10 25 IS 2 1y SR AR A VR
TNERARSE . AN, AT A R A
=, FECSH A W S E R, IR AR
Enp AR RIS B SE R iR gE Al R — 3K, B mSN R
Fifg AT DA S 25 i A A R A AT il 4y, EASIRIS MR
Fifg Xt T s 2 T 25 I P I S i LA i SR 22 5, T RE
5 H MR B AR RS IR K .
2.3 ARHNFESXTEELZEIMENEER
ZIZSTVE AW, W AR 2 RIE R
4y, HABGRMNPUEILERE J1, n] A ROE R A
o TR E YL Fe a2 2, FrLABESTRE ST
EALRE 1SS AN EE HUH— A O R TR PO, AR
HINIR T AR A& AR 5 DPPH-F1-OH #8115 BiA
JEHE J1 52 M ULIE 1, DPPH-VE BRAE J1114 1C, fH R/
IR PPO ZH<CE 2H<FLA 2H<CK ZH, %4k
VR BB A2 RE AR B DPPH - AUHE 15k T-25 I X7
REZH, A = PP il 7 SR AR TG 8 35 25 57 (P>0.05)
-OH V5 BREE J1 19 1C, fHAKRIK N CE 41 <PPO ZH<CK
ZH<FLA #H, H. CK #H(15.007 mg/mL) 43512 CE ¢H

fermented tea with different exogenous enzymes

¥: A: DPPH-F1-OH & FREEFI MY 1C, 1H; B: Bid IR I1; RE/NG
FRFRINAWNAETE 2 7 3 (P<0.05)
(11.52 mg/mL) Fll PPO £H.(12.01 mg/mL) & 1.30 15
1 1.25 1%, 45 R FZ L4 K B AL SR ) AR R4S I
Br-OH BEJTIxIH . BEE G 0.5 mg/mL 3%
4.0 mg/mL, T & BESTRE & B IR RE ) SR 2 pE 1Y
in, FAR A AN FZH ) SR TR RE B AR R I CK ZH<
CE ZH<PPO £HF1 FLA 2H; 7 0.5~3.0 mg/mL ¥#KJEE
FIPN, PPO 205 FLA 20/ 08 R RE 1 JC i 22 =
(P>0.05). HILA] %N, CE 2571 PPO #H % K DPPH-
F1-OH g J1%58, M FLA 2051 PPO £H 438 JE fE F1
e, AT AEUR T AN R NG BRE#E R s T ig e al o2
A EENES, WS A FPUEALTEN IR N ALE
PLERA G, AT oT R, 250 rh i PR B PP 2S48
Z, TEAS P B i AH TAE FHANSZ IR T, DA 8 BN [F]
PUAEAIE TN FE PR L2577, SAHFFT 45 SR —3
24 A RINFESEE LZBEA PIEFRE XD

AR SR BT A2 W2 Th 3E A AH OGP 43 A an
2= 4 s, WneER & S AR AR B AAE DG, JUI
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Table 4 Correlation analysis of various indexes in Toona sinensis fermented tea with different exogenous enzymes

Gt RREIH KR KB WEs 2R IIHERL SEEE AR 25 R AR M E DPPHIEERAE S -OHIBRREE S MIEIE S

EE TN 1

KB 0.890 1

AREW 0.590  0.167 1

T R 0.765  0.423  0.953" 1

UILIZT —0.834 —0.988" —0.089 —0.368 1

=N L] 0.750 0371 0.938 0915  -0262 1

AR 0423 0576 —0237 —0.164 —0.492 0.113 1

WHR 0.883 0932 0328 0595  —0951" 0.417  0.243 1

FSA% 3 0.448 0587 0.081 0346  —0.692 —0.015 —0.259 0800 1

AR 0.881 0727 0538 0610  —0.611 0791 0.679 0581 —0.019 1
DPPH-VBREETT  0.871 0.828 0339 0459  —0.730 0.629 0.797 0.643 0.059 0.971" 1

-OHVSBREES  0.785 0.931  0.123 0415 —0.972" 0219 0278 0977 0.840 0.467 -0.575 1

SRR 0.514 0317 0403 0328  —0.165 0.669 0.718 0.080 —0.532 0.856 0.795 -0.035 1
T *FRIRAE0.05 7K OB ) I i 4
KRR, SR AR OH TR R | it
FUE(P<0.05) . BRUMMER A LS, K Er VP At Ak i ol e
& S H A e bR 2 IEAESG . DPPH-IHEREE 2wl S:;zi
AR R AL W TEAASE(P<0.05) , -OH T BRAE 15 = ol o
HEHEH L G IEAR S (P<0.05)., i DPPH-i i Bl
F1-OH 5 BRAE N E A, RBiB R 1 2 5554 ol I iskbiaki e ki
R ATV RE . R BT AT MR S A2 DPPH - IE R AE .
JIEITEARDE, H 5 -OH 1EBRAE ST S ARG . ARG CK#  CEH  FLA4  PPOA
SYBTEE AR, Fobe R T AR5y R AL B 25T ——
BRE A, HprEA LR IR BT . Ss Rk 20tk - AR
Y S SSTR P TG S TR, T T LR 2 -t
F S 3 ATHURR S 2 ] B AR, ] =00 =L
RAEHAALZON T, ik, DPPH-ISIRAE /1 . -OH £ 1ot -
IHERAEST . BIE L RE I S5 A [RIPT A AL TH PEPP FE R = | L i
GRSy Z Al A I S R 25 5 L] Z 10
2.5 T ESMNEEBALIEE #E L B2 HS-SPME-GC-MS OTokat et FLa4l ppodl
il C FLAZ PPOZH

2.5.1 ¥ERVERRYIB T B SRPE B K
F R BRI R 2 —, fH 2R R M R T i e
ASTR] AR W23 SRR T EAS [) 4 5 A A A P
HAE S e IR ) ST AR AL IR B e SURRE, A1 HS-
SPME-GC-MS X P44 5 19 345 & 1 RUBR 42 B3 Fp 2%
e Er BT TS E, G5 L 0L 5 MRl 2. DURh AR
K BEAPE LA E Y 74 PR R XK R, 24
FEEIE 7 BESS SRR RS S AP MESE 11 Fh
JR2E 38 FhANHAE 8 Fl . CK ZHFE ¥ H 59 Fh
YE LA R 5, AR A 18.295 ng/g, AR ds
(13.89%) . }525(54.88% ) FIHANZ:(10.91% ) 24 )5
M. CE HFEME R 55 P L M XK BT, #H
X 19.181 pg/g, LS (20.41%) | 2
(16.25%) . $575(48.48% ) FIHANZE(10.15% ) 24 5
SNFE. FLA dERS S H 56 M Lk XUsk i o, AH
T 19.050 pe/g, DL E a2 (17.70%) . TR &

K2 GC-MS DU RIS b B A WA 1Y
PR R ) Jit

Fig.2 Volatile flavor compounds of Toona sinensis fermented
tea with different exogenous enzymes detected by GC-MS

T A FRISBCEHERLAL; B AT BEMERLAL; C 5 RAL.

(11.84%) . FES5(12.03%) . J225(41.47%) FnH AL S
(15.09%) & Bk 3=, PPO ZHAE SRS HY 61 FhE
KM R B T, AR X S BN 22,163 ug/g, LIRSS
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Table 5 Volatile flavor compounds in Toona sinensis fermented tea with different exogenous enzymes

X B (ng/g)
EA f2Ea CAS PR EFEBRIRT
CK#4 CE4 FLA% PPO4]
LS 2.541+0.147°  3.912£0.265°  3.372+0.203"  2.014+0.199°
GRS C,H¢S 75-18-3 0.833+0.074"  0.842+0.034°  0.814+0.087"  0.699+0.038" 521/521
2,3-5(-5- 1 BLwgwy CsHgS 4610-02-0 0.068+0.005 - - - 789/~
3,4-Z P JLwgw; C¢HgS 632-15-5 0.831£0.057*  0.241+0.048"  0.447£0.074°  0.333+0.062" 873/881
1-Z B -2-F - 1- N I CeH),S 27482-14-0  0.622+0.081°  2.615+0.159*°  1.866+0.055°  0.739+0.098° 952/—
2-IEW} I C,H,08 98-03-3 0.048+0.003°  0.158+0.046*  0.177+0.002°  0.174+0.037* 1000/1008
(EE)-—-1-P9 1 ik CeH,0S, 23838-23-5  0.085+0.006 - - - 1116/1129
() -HE gy g B CsH,,S 72445422 0.054£0.006°  0.056+0.001°  0.068+0.011*°  0.069+0.007° 1747/1743
EES 0.331£0.023°  0.403+0.015®  0.356£0.012%  0.515+0.033"
R C,HO 100-51-6 - - - 0.085+0.005 1032/1033
T-AEFARE CsH,0 5937-11-1 - 0.057+0.004° - 0.069+0.008" 1648/1648
T-HR =23 C,sH,0 19912-62-0  0.105£0.005°  0.114+0.005*  0.112£0.011°  0.127+0.016° 1662/1660
PR CsH,0 4602-84-0  0.186£0.013°  0.194£0.007°  0.244+£0.007°  0.234+0.009" 1725/1721
R CyoHyO 150-86-7 0.040£0.001*  0.038+0.001° - - 2115/2115
IS 1.736£0.114°  0.515+0.018°  2255+0.102°  1.974+0.081°
IR T T CeH},0, 123-86-4 0.054+0.008 - - - 816/812
(E.B)-&A W BE L IR G C,7H,0, 4128-17-0  1.073+0.132° - 1.590+0.072"  1.509+0.054° 1844/1844
TR 1R 1 i C,;H;,0, 112-39-0 0.473£0.020°  0.416+0.013°  0.501+0.006*  0.392+0.017° 1924/1924
SR Y TR C,oH;,0, 112-63-0 0.072+0.009*  0.049+0.007°  0.088+0.004 - 2097/2098
P RRAR Y iR CoH3,0, 301-00-8 0.064+0.007*  0.050+0.006*  0.076+0.003*  0.073+0.003" 2104/2105
T 1.650+£0.058°  3.115£0.265°  2.29240.108"  2.391+0.246"
3-HIE TR CH,,0 590-86-3 0.193+0.009"  0.192£0.017°  0.204+0.025"  0.168+0.017° 650/649
2-HIE TR CH,,0 96-17-3 - 0.1830.003* - 0.086+0.008" 657/656
(E)-2-J i CH0 1576-87-0 - 0.10240.013°  0.162+0.007*  0.058+0.007° 750/754
(E)-2-C it CeH,,0 6728-26-3  0.223£0.020°  0.296+0.023"  0.292+0.019"  0.283+0.012° 848/850
K CH0 122-78-1 0.744+0.057°  1.63620.104°  0.855+0.018°  0.998+0.015" 1039/1039
X PP R C4HO 104-87-0 0.137£0.005°  0.289+£0.019*  0.233+0.037*  0.339+0.059" 1063/1072
Tl CoH,;0 124-19-6 0.221+0.012°  0.1460.017°  0.212£0.036"  0.177+0.015® 1105/1105
JRELAEIE C,H,,0 116-26-7 0.038+£0.008°  0.047£0.002*  0.049£0.006"  0.051£0.004" 1206/1206
ZEE C oH,0 112-31-2 - - 0.0430.006 - 1220/1220
o- WL IR C,oH,,0 4411-89-6  0.094+0.005°  0.172£0.011°  0.184+0.016"  0.179£0.004 1274/1274
2,3- (- 1H-M5|We-4- I C,oH,00 51932-70-8 - 0.052£0.006"  0.058+0.003"  0.052:0.004" 1321/~
(oS 10.041£0.963®  9.291+0.843°  7.900+£0.661°  12.634+0.728"
I-HE-3-(1-FE ) IO CHyg 13828-31-4  0.099+0.007°  0.111£0.013"  0.181+0.015*  0.148+0.006" 1192/-
8-FIFE-Lke C,gHag 13287-23-5 - - - 0.0890.004 1281/-
=k C,3Hag 629-50-5 - - 0.0610.002 - 1299/1300
SHiE M C,sHy, 20307-84-0  0.130£0.037*  0.124+0.016°  0.139+0.007"  0.204+0.004° 1339/1339
o-EE VIR CysH,, 17699-14-8  0.104£0.002°  0.098+0.009"  0.114+0.003*  0.140+0.003" 1351/1351
o LI CysH,, 3856-25-5  0.118+0.017°  0.070£0.007°  0.084+£0.004°  0.136+0.018" 13771377
PRI C,sHy, 515-13-9 0.584+0.026™  0.445+£0.024"°  0.436£0.019°  0.776+0.021" 1394/1394
(-5 T M CysHy, 118-65-0 0.140£0.016*  0.070+0.001°  0.084+0.009°  0.098+0.007* 1409/1408
P TH CysH,, 87-44-5 1.285+0.086®  1.55240.050°  0.796£0.013°  1.521+0.082° 1421/1421
Bt A CysHy, 18252-44-3  0.071+0.002° - - 0.089+0.002° 1431/1430
y- B CysHy, 20873-99-2  0.066+0.001°  0.076£0.003®  0.056+0.009°  0.104+0.007° 1435/1435
- BIAK CsH,, 3691-12-1 0.102:0.011 - - - 1440/1440
(+)-F s CysHy, 489-39-4 - 0.080+0.003°  0.078+0.007°  0.150£0.007° 1441/1440
6,9-FBIA "I Cy5Hy, 36577-33-0  0.096+0.008"  0.065£0.007°  0.067+0.006"  0.120£0.017° 1445/1450
I -FEE 8)-3,5 — M Cy5Hy, 1000365-95-4  0.061£0.009°  0.047+0.001°  0.061£0.004  0.088+0.002° 1448/—
oA CsHy, 5951-67-7  0.057+0.007" - - 0.067+0.008" 1451/1469
a- A PTi% CsHy, 6753-98-6  0.558+0.016" - - 0.525+0.011° 1456/1456
(E)-B-1LWelf C5H,, 18794-84-8 - 0.405+0.005°  0.475+0.005° - 1457/1457

FEM CysHy, 41929-05-9 - - 0.071£0.006°  0.109+0.008" 1463/~




- 40 &8 Tl B 2026 4 8 H
RS
- ABXTE i (pg/g) - .
EA 2 CAS PR B HEBRI/RT
CK41 CE4l FLAZ PPOZL

JFTC-FE H-4(14) 5 4 CysH,, 157477-72-0  0.079+0.001° - 0.069£0.004>  0.108+0.009* 1465/1467
PRI CysHyy 30021-74-0  0.449£0.024®  0.303+0.003°  0.271+0.015*  0.569+0.019° 1478/1477
KMEHED CysHy, 23986-74-5  1.314+0.036"  1.506£0.011®  0.840+0.007°  1.922+0.052° 1483/1483
oI T CsH,, 473-13-2  0.758+0.017°  0.522+0.018°  0.491£0.018"°  1.016+0.029" 1498/1498
oW CysHyy 502-61-4 1.233+£0.026"  1.523+0.023*  1.432+0.004"  1.507+0.021" 1509/1509
PR CysHy, 39029-41-9  0.316x0.013®  0.239+0.016°  0.289+0.003®  0.414+0.013° 1517/1517
HER-3,7(11)-— 4 CysH,, 6813-21-4  0.061%0.009" - 0.089+0.002*  0.082+0.003° 1522/1532
FEHER Cy5Hy, 483-77-2  0.847+0.013®  0.917+0.017°  0.636+0.014°  1.024=0.118" 1527/1529
BRI AR CysHy, 29837-12-5  0.068+0.001° - - 0.081+0.001° 1537/1537
RN CysH,, 24406-05-1  0.218+0.002°  0.180£0.008"  0.165+0.016°  0.301£0.016" 1541/1544
o- KA E CysHyo 21391-99-1  0.407+0.017®°  0.277+0.007°  0.325£0.011®  0.420+0.012° 1549/1550
KRFHB CsHy, 15423-57-1  0.208+£0.019"  0.152+0.009°  0.173£0.002°  0.250+0.016" 1564/1564
P-REEHR CysHyo 50277-34-4  0.093£0.001°  0.075£0.002°  0.085£0.004*  0.106+0.002" 1569/1563
RS CHs, 544-76-3 0.079+0.002°  0.13120.009" - - 1599/1600
o- KA ET A CysHyo 20129-39-9 - - 0.083£0.003°  0.105+0.005" 1629/1630
1,6- W B-4-F 2R CsHg 483-78-3 0.069+0.008"  0.045+£0.005°  0.050£0.001°  0.0650.004* 1681/1683
piogell R CisHyg 489-84-9 0.099+0.006*  0.084+0.009°  0.095+0.005°  0.091%0.006" 1784/1790
B % CyoHsg 504-96-1 0.068+0.003°  0.066£0.007°  0.104+0.006"  0.074+0.006 1841/1840

9,10- it A S -4 CysHy, 1000151-67-1  0.204£0.005°  0.128+0.009" - 0.135+0.007° 1927/-

HoAt 1.996+0.029"  1.945+0.075"  2.875+0.021*  2.635+0.029"

2- g g CHO 534-22-5 0.507+0.001°  0.597+£0.011°  1.388+0.012"  0.852+0.013" 600/599
2-Z Rk C4H,NO 1072-83-9 - 0.053+0.005 - - 1060/1060
J2 -1 7 A C,oH,,0 4180-23-8  0.057£0.007°  0.046=0.007° - - 1284/1285

1,2,3,4- P44 -2- HT HEmE bk CoH 5N 1780-19-4  0.121£0.002®  0.113£0.002®  0.166£0.016*  0.098+0.002° 1295/-
T & C,oH,,0, 97-53-0 0.397+0.012°  0.583+0.004®  0.631+0.025"  0.674+0.009" 1357/1358
LR C3H,,0 3796-70-1 - - 0.087+0.005 - 1454/1455
(E)-p-5£% > 1 C5H,00 79-77-6 0.914+£0.037*  0.553+0.046"  0.603£0.014®  0.907+0.019° 1487/1487
2,4-RUT FOR R C,,H,,0 96-76-4 - - - 0.104+0.008 1511/1513

T =7 SRR A SOICEAH; R TA R T RER AR 22 57 13 (P<0.05) s #3R R WA RIA, *FR ) iS5 NISTE J5 i h (IR ME .

(10.80%) . $£25(57.09% ) FIIH AL (11.91%) SE) 5T
hE. 5 CK AEWERIFELHLL, CE A & im2sfn
FEESEAT T S BN, FLA 4 Parimds . BESSAns
ZEAR R B B BN, PPO 4 P B IS g 5
Wom . Stk G W3 TR (P<0.05) . CE 201
FLA b &2 dy s, vl G2 P > 4 v & 6
A B SN =428, 2T 4k 2R AXUSR 2R B
T T E A AR A A P AR S A % . CE 4.
FLA ZHF1 PPO ZH Hr ) )i i & 1 i (P<0.05) , 4
P2 S R I G N AT RE R AR AN I VE T,
B2 ) o A A I T B82S o Supriyadi £8P WF5Y 44
RSN Tl R b ashn p-1 21 i, vl i
EIN AR A R, 5 R 432 B st Ak Sk 2
i, SAFIE A R—E

= RUE B AR dr-h R BN TR R 422 &t XUk 4
JRAE SN, FHIE 2C AT, CK 41, CE 4. FLA 4.
PPO HFEM A BEA P IR Y 43 P # & HXL
R, R 21 55 AR e A543 A PR X UBR
W) 5 SR LB 43501 R 85.09% . 93.10% . 84.49%
84.19%, " CE 4 5 b & 2 & T HAfth =4 (P<
0.05), CK 21 . FLA ZHfl PPO ZH4H [a] JCHH B 252 5

CK 41 . CE 41 . FLA 4 . PPO £ 43 5l %5 H 4 Fir |
1 A, 3 R, 3 Fhas H AT R R XU BT, LA
5 A BN 1.69%. 0.28%. 1.00%. 1.25%. 5
CK ZHAHLL, #hnsMNERERY CE 4. FLA 2051 PPO 41
A KRS AN R T 2 A GER IR, T-FEA
Bs) . 4 FPEESS (- FL T, (B) -2-P/amsE . 2308 .
2,3- " A -1H-"|Be-4-F ) | 6 RIS (8- B L
e, =kt () -FE . (B)-p-1kWeaE . 25
TREIEENE) AN 3 R HABE (2-Z W3k | F
PSR . 2,4- SR T SE2KRED), W T T Bt KA R
A A AEA A 10 XUARRFE AN 5 AR
FrRZ R,

%% |, HS-SPME-GC-MS il 45 52681, 5 CK
ZHAA LY, CE 2H. FLA 2H . PPO 2H 35 & 45 Fh A
B Z IS B BRSBTS S MR AL
RIS TR R R RURY) 0L, BT TRES T & R
R ACAT G RRARFES . Horp PPO 2H 5l & BEAS S
02 A M XU ) S A SIS FIAE X d A e iy, B
TIPS e UK T B 60 L R S i 24 & 909
TR, S R AT AU B A
2.5.2 OAV it MOCHHE R PERRYTT  FER IR

NNo
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R B DTRR I NI 15 i, 1 5534 2 P AUk
YR SBRBUEAA . OAV 55 T &= AR{EmE 1
HERE, FHLA B T8 A XU 4 JoR X 38 A A XU 14 BT
BRFR LR, BN, st 5 Pk XU ) 0T B4R 75 B3R
15, (H T ISR BIE R, OAV BHIK, EEXTAE &
PR AEAA XU SE MBS /I TR G4 R e XU ) o E SR 2
SR, A PR AR B EAR LN, OAV 35 Er, MAITTAT
FEAR PR = A 4 25 BTk . ASIFSE R OAV IR T
U TE B RIS T R R XY, 2 OAV =
LB, 323 R B 43 XA i XU AT BTRK, H OAV i
[ UBE A2y N

SR T G T ARG e IR ) S o s A 1
ZRE AR XU 1) TR S, 2B 3] T 28 kM
IR 5T 1 AR B, 75 2 I A5 4 R M XU ) ot
OAV N 6 i, CK 4. CE 4. FLA Z1F1 PPO 41
T OAV =1 WHEEMERXBRYI BT 435048 11 P 10 Ff .
12 Ff 12 B, Horp — W JLmi i . 3-FH 3L T . (E)-2-
OV IR XTI R T -k, T
FW . (E)-B-5£% 2400 9 Fl OAV =1 M5 & 1 XUk

#6

Y FAEVULEAE S P A . (BE)-—-1-N@ Sk

i, 1k A Ay 75 A XU (14 32 22 ST R Y, J& CK ZH

OAV F i R MR 5T (B)-B-28 27 =41 (55 %

2AEFT) & CE 4H. FLA 201 PPO 21 OAV i1
IR BT o BN S MG 4 =2 ity A S A

BN EWERE (B 22 AL ) | 2-FF BT (i 2R

WRFNGEIT ) - 22 IR A ARG )« Ak BE PR

(AEFANRT )4 Tl OAV =1 R MERRY) T .

AT, FHNS MR AT LA, 2 SR TR A TR T XU

FRAE, A FOXR S In =6 | HRAR

2.5.3 OPLS-DA /¥ IExZfmfe/ N_"3&453 1 (orthog-
onal partial least squares discriminant analysis, OPLS-
DA) J&— A B n R oA gei 240k, il x5

AR R TRELEAL IR, T F A, S A8

AT RAL . FI] A3 A AT A3 AR L SR T A3 AT ASTE]

HNIEBEAL PR R A HE A M E X UR A BT = [R) 1 22 53¢,

A OCHEP AL G N T FE A IS IR 1 TR, 442

PERR YT & A Y AE 52 iEFT OPLS-DA #H45
AR QB E G E(R) . ARG IR EL

AN ISR RERAL PG A IR 2R A5 A AR it OAV B KA i

Table 6 OAYV and flavor description of volatile flavor compounds in Toona sinensis fermented tea with different

€X0genous enzymes

X OAV ‘
5 [zt E2 AU A (pg/kg) oK R LA p——— KA AR

1 A Lk 0.3 2776.67 2806.67 2713.33 2330.00 VAL RINEOK . BEERER
2 3,4- HI SLwEmy 5000 0.17 0.05 0.09 0.07 15 TR R

3 2-WERY H 5000 0.01 0.03 0.04 0.03 I, M A

4 (E,E)--1-T9 4 ik 0.0034 25000.00 AR | B AR
5 AR 620 0.14 KA W TR

6 PR 200 0.93 0.97 1.22 1.17 B RBORALTE . I
7 TEE 640 0.06 0.06 Ry R

8 LR TR 66 0.82 P

9 Tyl Y i 2000 0.24 0.21 0.25 0.20 BRI

10 3-FHLTRE 12 160.83 160.00 170.00 140.00 g5 ik Nl
11 2-FRE T 3 61.00 28.67 Wi SR R T
12 (B)-2-1RJisms 310 0.33 0.52 0.19 HHEAE

13 (B)-2-C i 17 13.12 17.41 17.18 16.65 HHEE

14 B 4 186.00 409.00 213.75 249.50 REF . BORAET
15 Xof PP PRV 12 114.17 240.83 194.17 282.50 PR AR

16 T-WE 1 221.00 146.00 212.00 177.00 Pty . RATHYIG &
17 ZEEE 0.1 430.00 BRI MG

18 B-EATIE 150 8.57 10.35 531 10.14 MU A

19 St L 140 0.51 0.64 AE.RLEFE
20 (+)-Fte ) 340 0.24 0.23 0.44 HHE . AR
21 oA TTHE 160 3.49 3.28 PN
22 2-FP Ik ey 3500 0.14 0.17 0.40 0.24 WA | 4 SR
23 2-Z TN 170000 0.0003 R RF | SEHAR
24 S - 151 i 73 0.78 0.63 By H A A
25 THEm 2.5 158.80 233.20 252.40 269.60 THAE
26 A PR 60 1.45 B R
27 (E)-p-4£% 1 0.07 13057.14 7900.00 8614.29 12957.14 B E
28 2,4-RUT FEFERY 500 0.21 [N

T B EAE BRI T (A WIS BB ) o XU HIA 22255 T M3 hitp: //www.flavornet.org/flavornet.html,
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