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(FEZ] JH 5 FhR [R) B R A e 4 114 2 th ML W AL B 5 e 28 KV, o T T2 AR T (head-
space solid phase microextraction, HS-SPME) £5& S AH @3 - % (gas chromatography-mass spectrometry,
GC-MS) AR AL B J5 45 A & A R R AR fE . SRR, JLUERE I 28 PP A PTERY, 1
TEBEZE 10 P, WESE 4 B B2 5 Bh | MHR2E 6 FhAHALIAL B 3 F, JOhIECRE | BEAEAUEE . p - 4k
Koo K -B - B L o - WU RIS 5 e K I i e AR MR Y o %% ORI b P2 2R
JEHL AL FRZE v, E O i W RN s 2 BRI b PRZE R LB AL BREA b, R BEAEAUEE A o -
TR S R IhN; EBRI A BT PO I AR | K -3 - ORI AR AR SRUBOHL AL R A
il ML AR BRAT AR 80 T - 3 - CARBE AR AERE . &S J{E (odour activity value, OAV) EH], %
FORIBGALPRAE | SROHIBRAL B | 22 BOMLAG A0 2R ZH FRh BRI AL PRE b, R (Tt ) FIEEAERURE (4
) B9 OAV PPN, W8 1 52 e 2K A & AAE T IR
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Effects of Five Crude Enzymes from Aspergillus niger

on Volatiles of Oolong Tea Infusions
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(1. College of Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Key Laboratory of Food Microbiology and Enzyme Engineering of Fujian Province, Xiamen 361021, China)

Abstract: Five different media were used to prepare crude enzymes from Aspergillus niger, which were
submitted to treat olong tea infusion, followed by analyzing the volatile compounds and aroma intensity using
headspace solid phase microextraction ( HS-SPME) combined with gas chromatography-mass spectrometry
(GC-MS) . As a result, 28 volatile compounds, including 10 esters, 4 aldehydes, 5 alcohols, 6 olefins and 3 other
compounds were identified. Among them, hexanal, nerolidol, p-cymene, trans3-ocimene, a-farnesene and in-
dole were the major volatile compounds in oolong tea infusions. The content of hexanal in the czapek’s-crude-
enzymes treated sample and the pectin-crude-enzyme treated sample increased significantly. The content of
phenylethyl alcohol, nerolidol and a-farnesene in the wheat-bran-crude-enzyme treated sample and the pomelo-
peel-crude-enzyme treated sample increased significantly. After the treatment, benzaldehyde, cis-3-hexenol and
nerol were detected in the wheat-bran-crude enzyme treated sample; and cis-3-hexenol and nerol were detected

in the pectin-crude-enzyme treated sample and the pomelo-peel-crude-enzyme treated sample; these compounds
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were not detected in the non-treated sample. The odour activity value (OAV) indicated the OAV of phenylacet-
aldehyde (sweet) and nerolidol (floral) were significantly increased in the treatment of czapek’s-crude-en-
zyme, pectin crude-enzyme, wheat bran crude enzyme and pomelo peel crude enzyme, resulting in the promo-
tion of the sweet and floral notes.

Keywords: Aspergillus niger; crude enzymes; oolong tea; volatile compounds; odour activity value

0 318

MR EEEMATHEY 2 —, R TR b2 2 W B 7 AR R RO AR, 2Rl
6 R s (AEEE), FR (BUERE), B (RER), Bk CERE), 4% (2K
W), B (akE)Y . Hob, SRR ERANRE, ERGMA. RS R
RUBKAL, 0k SRS ) 5 b5 (RFa2E, KA, REH, PWHESE); MM Sk (ZWE . &
=K, RS, AL (HBSJ)Y, BRREZHNEEE, ARRETHRE
R R R E TN X, M@t A T HEHESIE

BRI AT B RS i B AR 2 — ) R IUE R R AR EE R R, A5
IR B - PERORET I . B - D — WAFE T R R G SE, BN Bk B - #ROREH . B-D -
FIHET RSN AL U B SO R AR B M BB U R AR Y A, MG IR R B,
HZ O e 2R G NIRRT A o - LRURETFREAL RS , HLOEOR A SR B LA B B i s AN
B — AW T A B v e A B B B AR

RHNEE (Aspergillus niger) J&TZAREE, #EEEMAMEH)E (food and drugs administration,
FDA) ANE R ERFEMZ—, I EREW BB A = Wik, B R B IR3 L BERe s ™ A
RN A, CRERETEE  JERE . EOEET . BOERFS R, Rl M A AR b 3
BARYG, 2 - CFEWRI RIS R S i RO, HAE A N AR, B IARE AR R EE
B2, R AR ZRGERT LEFFEA ) 15 35 5k o T 1) PR i B B A RO 28 AR A s ), LG A BB A
[Fi) 5% 5% e Tl ) ML S NRRVBRONS 238 I 7 O ek R AR, IR 37 7 P 8 o 4/l B 25 o XA ot B AR B3R
TFkR o ASCUAAR R 6.5 e 28 x4, SR S MORIRIEE IR AL (PDA | 21K, SRME, ZZRA KL )
il 2 SR R M SRR, IS AS [ I XS 2% I 2K VA T O, S e 205l s e R 23 7 A PRt
T M S B T o A2 o KU Bl R B3R B S

1 MBE5RE
1.1 #R5iKH

BIMERENR (G5 41034) T b E DAL GCE D AP O L (CICC) 5 ZERM S5 T
JEI 14T A5 AR pOBr Al f M R R et 40 B, S R 15 T T ME R i R A BR
Al BKEEPILE e A T E T S T BB (G ~Cy) FIFRCEIA T Sigma-Aldrich (HE)
ocnly ECEE, RHEE . AR, SRR, M8 . RO ER 2351018 T35 [ Sigma-Aldrich (H
) A HSEE Alfa Aesar (FE) AR HaaGr s, WT Bl A RA A,
1.2 UBH5EH

NSRRI AL, IR B RHUMA R A F ;. SW - CJ - 2FD BURUA LI F i TAE S, 75
MFARF AR AR ATUWOG0EETE, Bl U m{Es A R R ; HQ45B fHiREIK, 1 EFR
B DURHEALER T JKOPZ B R 5 5548, [IBERIFERYT AR HH -4 BB iR KEm, EiE
AR A PRl QP — 2010 Plus “AH A% — BUik ki, H AR EA A Rx - 5MS B 418 @54
(60 m x0.32 mm x0.25 wm), 3 E Restek A7) ; HH - 157330 — U F 3 SPME #FFEZS . 50/30 pum
CAR/PDMS #H3k, 2&E Supelco A H],
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1.3 A%
1.3.1 7R &

PRECZE e 3200 ¢, IMAZY 1 LKW 20 min, M2 AIERE S, 76 DS B b on AR
20 g, MKERZET L, MABUR 18 g, MPAEMEE S mL A, 121 CREZEIKE 20 min ]
FRNARGIREE, A RIMEE T 30 CEFRM PRI FE 3 ~4 d, HRNSGET", ZERARRS
$00. 75% B TC IR FACERIE IR BENAE T, JFEIAGT A JCE B ER R, PRI BT 824342 0. 75%
M TCHH FBALENIA BRI S), TR Ay = 2.0 (FIFWREZ N 1 x10°4/mL) , BIA AT RER
1.3.2 PR A A B 1 il 25

Wi FRIBEF BN LUT 5 FhEs g 5h IR b AT 3%

1) DM IR (LUF IR PDA) « FRECK K2 B85 200 ¢ U1/, FINas f/K 2
20 min, VRS, WA 20 ¢ WA, WAEMKE 1 L, EH30 mL fil 5 4 ry s aR A
Gr#E] 250 mL ERH, 121 CRIEZRIRKE 20 min, RHIEHEFD 2 mL filF8W (1 x10°4/mL),
#E33180 r/min, 30 CHEFE6 d.

2) WMWK FRIE (LUFRIMRER) . SR MR RER ", MR E R 3.00 ¢,
BEMRE 41 1.00 g, SALHR0.50 g, BRI 0.01 g, BRFREEO.50 g, HEME30.00 g, MIKERZEL L,
T 30 mL A ARG AR IS4 2 250 mL BRI, 121 CREZERKE 20 min, R HGHEFN 2 mL
TR (1 x10%/mL), %553 180 r/min, 30 CHiFE6 d,

3) BICHAREEFRIE (LN RIFREEE) . 5% Thakur 2513 R B A 77 SIS BEROBC T, MERRFR B4k
B0.50 g, LAKEBMMREE0.10 g, FFER =M _IKEY 1.00 g, TTKIFER 1.00 g, EEEEZHY)
1.00 g, THEEZEKMP1.00 g, R 10.00 g, MAKEZEEI1 L, 1 mol/L i HCl i pH =4.0, HH
25 mL 432465 250 mL AFEIRT, 121 °C B RZE7K T 20 min, WHIEHER 2 mL fFER (1 x10°4/mL) ,
B3 180 r/min, 30 CHiFE4 d,

4) FERFEARREFEIE (LUTFRIFRZSR) . 2% Kumar 551 %K 7 5 fh 5 S0 I il R0 27 48 2% 0 7
HEMIPR R BRIR L 1. 00 g, BRFREES. 00 g, LI/KABERWAK0.005 g, WEIR A #15.00 g, T 1 L4l
K, IR pH =4.8, B ICHLERES R, MERRRI 2. 10 g 225Kk 1.40 g Ml Fi16. 5 mL HLER W
3463 250 mL BHEIE I, BEFEIAT, 121 °C B EZEIR K 20 min, R HFEZM 2 mL 8 FER
(1 x10%4/mL), 30 CHiFAEhEE IR 6 d,

5) MR BRI (DU IR ) . S ARG A & B i s O R AR
M 5.00 g, BRIREZ 0.50 g, FFMA 8 mL /AKIfE, SRJ5 /345 250 mL T, 121 CHEZEA
K 20 min, RHSFHFP 2 mL 7R (1 x10°4/mL), 30 CHFFETHEREFE 8 d,

RIESERUT , PR IR TR 25 0 R B e T U8 L BRI, 15 2B (PDA RLRAE, Z2ICH
Mty FEBCHLEG) , A —20 COKFEORAEE . 22 B Rz 1) [ 25 % 18 7 0 v 43 ) A 30 mL /) pH =
7.0 PBERRERGZ PP, 20 °C | 180 r/min JRGVENE 1 h 5 #EATHhuE, 515 31 22 AFORL M A Al JORL G,
A = 20°C VKA AT
1.3.3  PAhE & WM R AL B 5 R 35K S

FREL 2 ¢ BJe 2805 T 50 mL 280/, [FIEHIA 30 mL AHERR, FEIIA 10 pL 3O (1 ¢/L)
YERWER, SSRGS, BT 40 CRBHP RN 60 min, 25 AXTHE A, 1) SIAMHmA
30 mLB4lisK; 2) 30 mL BEEHN | 2 mL /K.

1.3.4  BIRAKE A% R AE R B EAR R IO, GC-MS 43 B

¥ 50/30 pm CAR/PDMS ZE Bk 4 A SUH @35 A v, 230 C 24K 3 min, AWM EN
3 mL/min, $4&A0JG R AR A ZE UM 5 B A 2L BOR 025 3645, Bt 20 min, WRESERUS, #
[ A A Sk A7 1) M 3 ) 2R A TR 3 min, $RBRUNR 2 FHEFT GC-MS 43#T
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8RN Rix —5MS (60 m x0.32 mm x0.25 wm), VA4S (24 99.999% ) 1Eh#E<,
FELREE K 230 °C, AFeee, HREE N 3 mL/min, HIREWIE A 50 CA£3F 2 min, 2 °C/min
THERZE 120 °C, 5 C/min THEZE 200 C, 1£200 CA£3F 1 min, B FHEEE 5220 °C, BETRH
EI, MESRER M 0.80 kV, #EOREEHN 250 C, FH#57 ik$e SCAN B A7 @, B iR n
PG (m/z) 7135 ~500, EFFERAFE]A 1.5 min,

XHERME SR 3 oy i ek, 1) a8 BTSSR A (NISTO8 . NIST08s, FFNSCI.3) i
TR 2R, ARYEAS [R5 B e | ey L DA SRR X DA B A T R ARG R 5 N T b, AR S DL e
JERKT 80% MIFRUETATYI RS E 5 2) BRI B R E B8 1 S A b LU B EA T 5 3) TR Rl
VIR AR R AR, 5 SCHRARGE B br v S EAT X e, IR G2 B S % Dool S YA Rix =
100n +100[t(m) —t(n) J/[t(n+1) —t(n) ], X Rix AFEFNE RS IREFEEG (m) AR
AT BB ] 5 ¢ (n) FOREA n AR FE IR TR BT t(n+ 1) FRREA n+1 4
T D 5L W ot 1) R A B s

SE AT AT S BEh SIM AR, ELAG AR o i 08 A S R FH B4 A v il 4R T AR
SE T ANEABRES A G Y TS A R T RR ) OARR A T AR X S

TEEVE T AEERN b, PP R REME (odour activity value, OAV) HITIFHr &Stk AL
gy, HABAARA . OAV = F LMY o BE /XU BRI,

1.4 Sitoh

S WA ISR, il it Microsoft Office Excel 2010 #4433 5L 50508 MO BB AR ME RS, FF2 41

KEIZR, FIH SPSS 19. 0 B4 K& MR o F B BB EA T B P i

2 GER59H
2.1 BEURSHEMES

S BBy AL AL B 10 1 T TR 28 VE LA EAT GC-MS 43WF, A5 LA B T (IR
B 1), HRHIRUERZ | R0 TR AR HEXT IR 6 S0k, 465 52 1 28 Fh% % M i 4
(1), fUFEEE 10 Fi, MES4 Fh, BESS Fh ke o AT A9 3 A, Pt rT s, E%
RSV WIS | SR A TSl o 2 e PRI S R B e 5 R e A

x107 _

1.00 L

¢
2
G

F & Abundance
(=)
n
o

025

|
|
1
] - .
A | .
5 | JL,_ni)rAr Tl i o

> wma o m|H

5 10 15 20 25 30 35 40 45 50
t/min
I A—5 JB 28 K ; B—PDA HLAG AL PLA ; C—%¢ [CHLER b B D—2R BRI G AL L 20 ; E— 22 BRHLAG AL 24
F—Ailt Bz B Ak 320
Notes:A—oolong tea infusions;B—treatment of the crude enzyme of PDA;C—treatment of the crude enzyme of Czapek’s;D—treatment of the

crude enzyme of pectin;E—treatment of the crude enzyme of wheat brain;F—treatment of the crude enzyme of pomelo peel media.
E1 BEHSHBRLEESEFZKBREZERNSHNEEFRE
Fig.1 Total ion chromatogram of volatiles of oolong tea infusions treated by Aspergillus niger crude enzymes
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Tab. 1 Identification of volatiles of oolong tea infusions treated by Aspergillus niger crude enzymes
sy PRHINE SR T S Tt SO R R A
Number ctention Volatiles Retention index a  Retention index b G/ aracteristic Identification

time/ min ion fragment basis
1 5.79 1E L% Hexanal 802 802 4 41 56 Std MS
2 7.52 Eih;in'da%@ 853 843 67 41 82 MS
3 12.21 75 % Benzaldehyde 959 966 105 106 77 Std MS
4 13.84 H M Myrcene 991 990 41 93 136 Std MS
5 15.20 Z R TR Hexyl acetate 1015 1014 43 61 84 Std MS
6 15.75  p - 4AE)E P-Cymene 1024 1028 119 134 91 MS
7 16.02 FFHEH Cinene 1028 1029 68 136 93 Std MS
8 16.71 =, — B — % s B-cis-Ocimene 1038 1038 93 92 91 MS
9 16.94 2K T Phenyl acetaldehyde 1044 1049 91 92 120 Std MS
10 17.37 A - B - F #j4is B-trans-ocimene 1049 1048 93 91 80 MS
11 20.53 5 AR Linalool 1101 1104 71 43 93 Std MS
12 21.38 2K Z. T Phenylethyl alcohol 1113 1111 91 122 65 MS
13 23.09 ZK 2 Phenyl acetonitrile 1139 1144 117 90 63 Std MS
14 25.24 AR H R 215 Ethyl benzoate 1171 1170 105 150 77 Std MS
15 26.38 E)eﬁxiyl_lsjo;)l%;n;ai = G R 3-cis- 1188 1188 67 82 43 MS
16 29.20 A Nerol 1230 1227 69 41 93 MS
17 29.44 ;_;jyﬁgﬁ% M RERE cis-3-hexenyl 1234 1231 67 8 57 MS
18 29.98 I - FPAFERE cis-citral 1242 1242 41 69 109 Std MS
19 30.12  L-FF/HFA L-carvone 1244 1250 82 54 150 Std MS
20 30. 62 O R MK Isopentyl-hexanoate 1252 1251 70 43 99 MS
21 33.49 T3] Indole 1295 1295 117 90 89 Std MS
22 38.99 CL BRI cis-3-hexenyl hexanoate 1386 1380 43 69 117 Std MS
23 39.25 TR CL R Hexyl hexanoate 1390 1388 43 200 117 Std MS
24 39.67 ST BRZK 2.8 Phenethyl isobutyrate 1397 1396 104 43 71 Std MS
25 43.55 i&ifﬁjﬁ&i:izgﬁ%“‘ 1491 1489 7757 104 MS
26 44.31 o — EWBH a-Famesene 1512 1505 93 204 41 MS
27 46.08 FEAEALEE Nerolidol 1569 1564 69 41 93 Std MS
28 46.32 PR FF BRI BERS cis-3-hexenyl benzoate 1576 1573 82 105 123 MS

Y. (RERFEHCH Rix - SMS (AR IR IEECa HADF

Tt

BURBAE, PREIEEL b A SCRRIGE RO E(E; Sud

AFRUESL EVE, MS MRS R REE R, SCRRRAE Y PR B #5405 R IR T 3k (hitp : // webbook. nist. gov/chemistry) ,

Notes: The retention index is the result of Tix —5MS; the retention index a is the value obtained in this study; the retention index b is the

value reported in the literature; Std is the standard qualitative; MS is the mass spectral library search result, and the retention index of the litera-

ture 1is derived from the website ( http ://webbook. nist. gov/chemistry) .

2.2 #HERMRSHEEST

MR 2 LA, SEZOKEEW . PDA BEALBIA | S FOMIBG AL BEA | SRROHLAG AL PR | 22 ZRH i b

FRZH Fih R A B 2H 43 ) S8 58 Y 25, 26, 26, 27, 28 F127 FMER MRS .
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Fx2 EWMEHAMRELESEFRKBENELZEESEENNER
Tab.2 Quantification of the volatiles of extracted from oolong tea infusions treated by
Aspergillus niger crude enzymes
pg/'kg
OAV
o st M o UE U ERE PDAMIN BA RECHE EAER MR
Nunber gt Standard A B
Volatiles curves (g°L7) Aqueous of Treatwith Treat with Treat with Treat with Treat with
oolong tea  PDA Czapek’s ~ Pectin -~ Wheat bran ~ Pomelo
5 ZFAC B Hexyl hexanoate V=512.501X-0.25  0.99%6  8~167  100£0" 101+1" 103£1* 102+ 101" 100£1"
14 AHEBLE Bthyl benzoate Y=34.00X-0.38  0.99  8~167  228+0" 232+1"  232+1" 230" 224" 233:]
15 i'&ﬁt;mgﬁiﬁ—%ﬂm% 3-is-hexeny] A — — 18749 145424 1434150 168 +32"0 211£20" 227 422"
A TR i el ey A o IR0 W3el™ 17s4 WTeI6% BIs9* 21+19°
20 CHmERE Isopentyl-hexanoate A - - 054" TTx14° 7143 855! 98:13® 120:0°
B 2 CRPHER ds3-hoxenyl hexanoate Y=1182.50X-0.14 0,997  I~11 351" 373" 39x1™ 390" 354" 40s1
23 CRCH Hexyl hesanoate Y=1124.80 X-0.11 0,98 1~11 2220 21" 20" 20" 2:1™ 2320
U FTERLE Phenethyl isobutyrate Y=508.30X-0.04  0.98  1~11  19:0®  20£0™ 20£0™  20£0™ 201" 20£0°
% gmfh%; Eij‘ﬂggphe“‘hﬂ A - — 18l 12429 1212240 1825 11%Y 26527 280 £ 43
28 AR EERS cis-3-hexenyl benzoate A - - 154" 71480 54:07  86+7™  105:19" 143£19°
o | IFCE Hexanal Y=10.24 X+0.03  0.995  20~160 1514226 1381 £ 111° 1996 £78" 1822+ 98*" 506£59° 1109 +82°
E 3 AKHE Benzaldehyde Y=27.87X-0.02  0.998  11~85 - - - — 30646 —
2 9 %R Phenyl acetaldehyde Y=27.50X-0.02  0.998  20~160  526+44" 4141 £608" 3484 £95" 2008 £35° 798 +941 2004 £50°
B8 R - BERE ciecitl ¥=85.06 X-0.01 0.997  5~43  3Bxl® 39x1° 40£0™  4lx1" 422" M4s0°
2 i -3 - TR 3-cis-hexenol A — — - — — 6675 T60:92* 520:32°
11 J7REE Linalool Y=59.12X+0.00 0.9  11~85  128+10° 189£22" 161«12" 17746 15337 269:27°
:§ 12 % Phenylethyl alcohol A — — 195416 212£24% 200£22% 304£20° 73223 542445
ﬁ 16 {BAERE Nerol A — - — 1024 10424" 108£1™ 106£12°  111£0"
27 G Nerolido V=6.78X-0.00 0.9  20-442 12225(5 93‘1‘35 1152312"i li‘gf 1;3? 1?;3(?
4 JUEER Myrcene Y=48.57X+0.00 0.9  3~21  181+43™ 158£16° 257+16™ 205+36™ 290:78* 173 8™
6 p-AAERE pcymene 4 - — 367 273" 2538 £457° 2683 £117° 2701 £60° 4168 25" 3392 24"
o1 FrHRNG Cinene Y=865.95X+0.02 0.9  3~21 207432 223+61" 202£19%" 242+30° 324 +88% 188£10°
§ 8 M - 8- Bl B-cis-ocimene A — — 205 £15M 157 £47°0 172450 158£3° 250£31% 215 £14
HK
S 0 X RS R A -
+ + + + + +
2 - A - - % W e e e e
o 13 LK Phenylacetonitrile Y=18.38X-0.02 0.9  20~160 497+64° 55124 69251 695 29" 671116™ 690 £42"
= 19 L-FH Lcarvone Y=45.03 X-0.03 0.9  8~167  171+5° 184£10° 190£2™  214£3* 210£20" 2412°
KK
=20 B e V=6.47X-0.05 0.5 200-1600 lZ:;é)ei 1?;:)%* 1§§§{+ 171768531,* lgig‘ff 214073;*
B SRR, A DRRNRESTE R, f-10, RRNTE (4, b, ¢, d, o) RESEREEEDBEEER (P <0.05),
Notes: The serial number is the corresponding serial number in the qualitative table; A is quantified by the internal standard method; different letters (a, b, ¢, d, e) represent signifi-
cant.
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STFEEYIR, SRFKIBER TS REER (=100 pg/kg) NZRROHE:. KHROHEE . X - TH -3 -
CUATER . 2 - AL TR BEER . 2 - HIE TR -2 - R ACKEH R BElR, 52 KB mMmL, %
ERF R AL PR BRI BT A - TR -3 — CER AN 2 — WA T R it iR 2 5 40 35 I 17 24 pg/kg
163 we/kg; Al HLEGAL BEAL P I - THR -3 - C4lE. 2 — I TR MElE . C R 55 g
2 - FELTR -2 - R FR AR H R B 1 i 2 3 e 25 rh e 202 th PR A A B SR A b
7= sk R A A2 AR A A B L T REAE AR AR A

B BRI TR RS SR (>500 pe/kg) NIECEEMAE R, 55 25 KIEMARLE
G [ORHL it A FER 2 60 SR s KL Ak L ] P 288 40 ok vl 1) I 0 T 5 B 0 88 M0 T 482 11 308 g/kg, H. 5 ikl
AL PG 75 B S e RN, AN, e AR BEAL h I TR RS M OERFAE Y BB, 2R
MR AR R SR A P I SO A T SRR, O R T TR O B BT (B-D - R
SRR ) o [, MIOCHFZES 2 SR, B — A A 2 M A R A B R S RS
R | R ORI R RN, AR AE A S A S SR LU, AN )R SR A (4R
S AN R RR 2 B K A

B ZOK WP Y T S A 0 (> 100 we/kg) HIFRARE | K ZEEFIRE AL AL, 52,
ey o L it A FERL 2] P 5 Ao RIS AR A B 1) B 43 BB I T 141 14931 pg/ke; 22 BRMLAG AL BRAL 4K 2, %
PRI T 537 pe/kg; ARMOHIBEALIZ | 22 A5HH B AL FRAH il B A BRZE ol TN -3 - O M
&Y, Beah, SRR AL BRES T L= R AL AL A 0, A SCRR . HRGE, 2K CBERYRTR R B8 - A%
TR, X -3 - CREER R R B - BIA T B — PRRCRETY, REAERER AU B - B RN
1, XL R, SRAh A R R P T RE A B - A A B — AR RN

B BRI PR IR R S RS (>3000 we/ke) Hp - AER . R -B - BEIRE o -
WM, Ho o - RRIA R SR A R S B S R, XS SR —80 . 5 e AOK A
L, 22 BORH AL BEZH FA KRG AL B TP, o — FRWRAR Y B B A3 3 N T 2723 F12225 pe/ke, CABE
FERMA) ) BREEAN o — 2P FURH BEAL B 2 IR S 0 BN o — SRR B0 A, X 3R W A SR I A A
B KRG AT RE S A R o« - LT,

HEAh, SIEAOKE R & B S A I (12 820 pe/kg) , ZAEHR Y Lin 550 &K I k)
HAB RSN a - KW . AL BUBER R 25 A0
2.3 EEZMRSH OAV 531

S SCHIRIRIE A A SR >, TR e R K VR S 2 o AL Ak L A B o P
BCATH OAV A, 2553, MR 3 ATH, SIRAKIET . PDA MG, ZECHIEG, FRCHE, %%k
FEL A1 7 R A FEZH TR B S AL S RO R OAV 430504 101.0, 130.8, 138.1, 132.1, 115.6, 142.9,
U T 2 Rl b P %l A K VR RE SR B I SR L BeAh, B 2 e 3 WIS EEISRN
IR R B e 2 KR R B T B R BTy, RS RS DI IRTE & e 4 b R EF/H AL S YN mEE
FIEE ISR 7

s, IECEE (OAV=10.1, HHEFE) FARLEE (OAV=5.6, §F) M EEIKIFERNTFR
BARW, 55 3K A e, 7828 ML A SR ML B Ab B2 b, IF OO BE (5% DML Ak B 2
OAV =13.3, BIHEFEIIA OAV =12. 1) B9 OAV A3, 76 PDA MG . ZSICHIE . RO |
ARG AR SO B B, RO (PDA G FRZH OAV =43. 8, ZICUHEFALFIZE OAV =36.9,
SR AbFEZH OAV =21. 5, ZZ#MEGAL A OAV =8. 4, RhEzMEGEALFEZH OAV =21.2) 1 OAV &1
SEUI I, R AN E AL BTN E O R O AR AR, XA E S RAE
FEA X, B, ASHFSE 56 SCHk Y HRIE ) PDA 3553 3 2 1 it B8 il 25 M 47 I o Ak 3 46 55 8 i U 59
THEREFHAET A B, H I B AT RE R D e 48 MG 2080 00 B SRR SO iP AR 7E A TR 1Y
5.
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Tab.3 OAV of the volatiles of extracted from oolong tea infusions treated by Aspergillus niger crude enzymes
AV | — — e Rkt
B OERERD P TERREKR PARBOM FRARLEE RRARO ARAROM NRAROE g
Number Volatiles Aqueous of Treat with Treat with Treat with Treat with Treat with -
(peg/L) . ; description
oolong tea PDA (zapek’s Pectin Wheat bran Pomelo
g SO Ho
= | CHEHEHol 33 3.4 3.4 3.4 33 3 M
*K hexanoate Fruit aroma
AT Total 3.3 3.4 3.4 3.4 3.3 3.3
TEE
2 IFC Hexanal 10 10.1 9.2 13.3 12.1 3.4 7.4
(5rass aroma
e § . 7K Au
e 3 KRR Bl g, <1 <01 <1 <01 w1 HEALCH
= hyde Sweet, almond
= ¢ Z‘iﬁfifhe“ﬂ w3 5.6 8.8 3.9 o5 8.4 A2 Shee
£ ,
it _ 3 e s
s WL-fREG ) 0.1 0.1 0.1 0.1 0.1 01 IR
citral Lemon, mint
AT Total 19.2 56.6 53.8 31.2 15.3 32.1
it -3 CURE -
6 Jlbic 3-CUig 70 <0.1 <0.1 <0.1 0.6 0.7 0.5 HF
3-cis-Hexenol Grass aroma
T JyRiEE Linalool 6 1.4 2.1 1.8 2.0 1.7 0w
' Floral fragrance
= g RCBMenkbloa g, <1 <01 <01 0.1 wp
w aleohol Floral fragrance
B N (4
9 HEAER Nerol 300 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Floral fragrance
10 BFEHE Nerolidol 15 45.6 4.1 49.8 59.8 53.3 6.5 IF
Floral fragrance
At Total 41.3 4.5 51.9 62.6 55.9 71.2
kI
11 HH:A Myrcene 15 0.8 0.7 1.1 0.9 1.3 0.8 Floral fragrance,
fruit aroma
A pey-
po P RERRe ) 14§ 15.7 15. U4 9.8 HEE Citns
mene
it =4y
Z 13 F Cinene 10 1.4 L5 1.9 L6 22 1y PRRERE
= Lemon, grass aroma
HK
ik -5 B .
o WesTEE 0.2 0.2 0.2 0.2 03 0y TEERE
B-cis-ocimene Grass aroma, fruit
. _A_ ! =
15 B ﬂ?%% 60 6.7 6.6 5.4 5.0 8.0 1.2 TR AR .
B-trans-ocimene Grass aroma, fruit
- HRM ofa A it
16 nd — - — - - -
nesene Wood , sweet
At Total 3.2 3.8 %3 3.5 36.2 2.3
e o b Bl g 0.2 0.2 0.3 0.3 0.3 0.3 MRS Min
= vone
HK
1?(’ 18 MJB Indole 140 6.1 6.7 7.8 8.5 7.9 10.0 EF
Floral fragrance
At Total 6.3 6.9 8.1 8.8 8.2 10.3
3T The sum 101.0 130.8 138.1 132.1 115.6 142.9

B nd Fn SO RAGE % 1L A 000 B

Notes: nd indicates that the threshold of the compound is not reported in the literature.
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s FFREEE (OAV =1.4, 160+ g Esters  @f$2f Aldehyde a2 Alcohole
ZE%) ﬂgu Tjg: ZE ZF\X @? ( OAV = 45.6 , B )72 Olefins m{g’é Others

W) NG HRKEREIAAE 120k
B, PDA HMLEE SR RCORH i A0
ROM B AL 20 G5 R BER) OAV 430l R
2.1, 2.0, 3.0, 55 WA KERH
U B 3, 7RSSR . SRR 40l
fifg 22 ZFRH It A0 AT g HH g Ak B 2H

B AL BUBE ) OAV 43 ) 4 49.8, 0 . . . .-
53 8, 5?' 3673, E%j%tﬂ(% i :A—EjﬁAijAUkiﬁ?;;B—PDf *ﬂ@&m}?@zﬂ ;C—%R*ﬂ@&i&ﬂéﬁ;
TR LU 88 55 A IR AL AR 1y s e o 4 0 20 5 A2 0 b T L F— o L A 20
@Ig%fﬂ l'IlZ'l ZE%‘ % HJFO lﬂ Jﬂﬂ . Notes:A—oolong tea infusions;B—treatment of the crude enzyme of PDA;C—treat-
IE % *ﬂ @@ ﬁ Eﬁ ﬁ ﬁ W‘j ﬁl g? % % E\% ment of the crude enzyme of Czapek’s;D—treatment of the crude enzyme of pectin;

E—treatment of the crude enzyme of wheat bran;F—treatment of the crude enzyme of

OAV E‘Jiﬁﬂ L:J‘*H %H%L% %*E i%?% pomelo peel media.
F R T 2L i R B A T A RE I B 2 EMBHEBRAESEEKRRPREEEL MRS OAV
U35 KBS AL TR 1 45 B — 3 Fig.2 OAV of the different group volatiles of oolong tea infusions treated
- N . ° by Asperqgillus niger crude enzymes

I, p -k (OAV =
19.1, #HEE) A - -F ik (0AV =6.7, HHE, £F) NS EFXKBFEREIHLAHEER
Wi, 7 22 ARG A RO A AL B b, p — RAESRIY OAV 2051k 24.4 F119.8, X - B - B i
OAV 433147 8.0 F17.2, 5 WA KIE WA LGN & %25 RS R0 ARFIE ™ & B B — 4 A A il
FHN S R FOKEE B - B - DG AR X - B - G OAVs (EZAREIR .

80}

OAV

3 #ig

AR i A R AL BT 5 1 S SOK A T L R e 28 iR R AL G, b, IECEE, BHE
B, p—Abke . X -8 - B . o — 15 W RS R 2 1 g % K TR P e A R R A
HIFCE (0AV=10.1, HEAEF). KL (0AV =5.6, #iF) . BAEMEE (0AV =45.6, ).
p -SSR (OAV =19. 1, #HEF) X -B-Z i (0AV=6.7, HHEFEMER) B FKE
WESHAEER W, B BRI S R OKIERR, IECRE, KOW ., RO, B,
o — BEWRMR . MSINE | REAERE . SRR -3 - CREEM SR W E N, HARORE . SRR, B
AUEEFNIS|EY OAVs B3 HE K, 5 FAS ] RE 5 56 4 1 il £ X KL I A LS 45 4335 B B2 OAV IS R R
A,
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