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LRSI FLIR BRI LSRN o Lu %17, Andrew %!
WFRE, K pH H %1 Re NP Bs A S ot 1 PR ik
B, FEBEREBR AR A 2 R IR . A, 2R
ST Rubén PO S RIS RIE, IR INEEREZ
PERE W ORI A R AR RN AN SR, JFE
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AT A S & 2 AR T A i E

S NF (Italian Riesling) & RR& 05 T A % % 1 1
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microextraction, HS-SPME) #i AR BB #IEM . FE5H
B, REEEERS, SAOMEAE- I (gas
chromatography-mass spectrometry, GC-MS) % 7 #7#i
P AER TR, - AL (liquid-liquid
extraction, LLE) LA [EAHZEHL (solid-phase extraction,
SPE) (143 e i, A58 LAH 78 Vo] 78 7 e X 32k
A A ST\ AT IR 4 8 JEURE - FIH] HS-SPME-GC-MS fi
DAS [R5 e oA AL BRI IR vh I R B L&, B
FAAN R DR 3 e S8 R 2% A X e b RS
BRI, DUYIE - AN [F) R B 25 R0 Bt N1 i 4 38
BRI RLRE FR, AT A R4 T H 7R T U AL J
77 X 51 NFF T B &N U B B SR

1 #RE7AZE

1.1 RE#H

SNEER A H O R S A A AR AL TR 4
36°46'—38°09", [ [X Nrh I 5F IRV IE L, FIREW
B2 160 mm, EXHERH2 7248 h, =10 CHIARK
R 2 800~3 200°C, AZFEFEA T, T LA . W45
JRRLF 2018 4F 10 A RUL, BFER: 6.47 /L (LU AR ,
FE: 23.9 Brix°.

BRPG R BEB R LA-FR BERERPR, 0B & E
bR 2 A R A A
1.2 RFIEMNEE

FERAA: RKORE. RILEE. CRRIKEE. LR
Be. AR, . EHEEESLEGDMNEY 2-
ERE bR E S H X E Sigma AW RREE GEE
LAFFORT A H]) ; W2 HE MP60 (22 EHEERER A A Fi
AFD s MEWARER. SEMM. WA, FIE
WAL, BN EF= .

FEAYFE: PHS-3C pH it ( LI FEHA R TTEATD ,
PAL-2 BB FHRHHEE T (HAZS ATAGO 2 F) ,
LRH-150 Abii7M (Lifg—EREERERATD
Tz A AR IO B (I 2iE R A R A D
DF-2 R FFERS CHINTIZ e g )
TRACE 1310-1SQ < AH & 3% Jii i % ( 3¢ [E Thermo
Scientific A7) , 1SQ B PULAT X (3E[E Thermo
Scientific A®]) , WineScan™ (iEH4E (Jbx0) R AE
RAFD .

1.3 REAHE
1.3.1 BRIBEEFRHREN

TR P9 T B B R 10 2 R P R AR R (0 7 VAT .
T EERHA T 10 RAEBUCH KT, 37 CHEEMR
20 min, FRIMASEARRFE T 28 "CiE4L 25 min, £F
FEREH
1.3.2 FTAETOHRHBERELD

¥ 100 kg o7 NAH &) o0k J5 AT BRIERRE , 35500
A 60 mg/L SO, (LLFEREREATH) A1 30 mg/L (RS,
SN S L B KBRS, BT 4 CIRET 24h, Kl
O3S I RE R R B BE 200 me/L, BB EE, T
(18+1) C, KEEZEVbli<d g/L I, Z5oRmE, HURERRI .

1.3.3 3244547

REEBRERITRE . MR, ERER. W&k, pH 1H.
Sy AL FE AR 16 H WineScan™ A #8347 & .
1.3.4 BEBEAMSYHEREEN

S W E LR )59, I HS-SPME/GC-MS X} %
BRI o 35 R M S A AT i 1 5 & A AR U
ERMERSYFR AR : B 8 mL AR EET 15 mL TSl
L, N 24 g EALBAR 10 uL 2-%FE (L EIRE
725mg/L) , MMEE BT, EE IS, ETEIR
W e, 40°C F/AKHEAT 30 min 5 007 A5 HX
30 min. FFMFEMEEARE 2 K.

GC-MS %fF: B4IE G N DB-WAX (60 mx
2.5mmx0.25 um) ; FHEFER: 50 ‘C{44%F 5 min, LA 3.0 C/min
FHEZ 200 'C, {5FF 15 min, HERELIEE 240 C, &4l
AR (He) Jii# 1 mL/min, ANywdbie. Btk R
280 C, HFZEHFE TR (electron impact, ED) , BT i
Aes 70 eV, FUIEHAHEEE 20~350 m/z.

TS5 EE: FHAMEHIEE (retention index, RI)
HINIST-11. Wiley M A5 BHE B ke 2 LU k47 € P53
Mo XA bRAE S IR IESE . S REER RS SL& W,
FIHARAERRZE (R7>0.995) &8, HATLIER kS
YRR B REBIARL. B R 7 EUH I bR )
JRHEAT ¥ .

1.3.5 FRBERFTHFASZTOHRGBLESAYD
TR 8250

237 FH R SCHR[12-2 1T 95 45 SR 945 & H R e it 7 JeR
BENE AL SEBRAE s T 240, Al e AR A K

1) A A4k 00T 25 A S W0 5

R B R s RPN AR s N E A VT T R A
N 192 mg/L, AJEIEE R MBERE 4 (diammonium
phosphate, DAP) 1i%%8 %] V14146 7] [F AL AR KA 200
300. 400 mg/L, HAT 2% 1.32 #t47, RKGEE 3
MNEE,

2) FEREZ W A S W) IR

FEFERIRPI IR BF 2 1/ 4 IV 0 150, 250 350 mg/L
FImERE o, AT 24 132 37, W% E 3 N EE.

3) KRB E X 3 BEH SR IR

T 132 M T 2T NG, )R BERE 4
MM 14, 18, 22°C, /K E I ANEE.

4) W4 pH {E X 32 B S5 1 R

AP A R B R A AN R R A VTG pH B
N33, 35, 3.7, AT EH 13287, REKE 3N
HH.

5) SO, & xf B HF SRR

% 1.3.2 N T ZAT R BRGNS, 1% SO, N
(UM B AR EREN 1T ) 435124 40, 704 100 mg/L, {36 %#
HB3IANHEL.

1.3.6 AAABEMATASETORNEBEIZEAY
TR #9250

7 1.3.5 I SE RFERE b, REBU R 2 AT

FRBIN 2 MKTEATE G R KRAL, HRE IR
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Table 1 Experimental design of complex factors

AEMLE  EEREERE KRR Y pH SO, I

KLEE Assimilable Yeast Fermentation In'?':l o Addition of
Treatments nitrogen/ polysaccharide/ temperature ;;lug SO,/

(mgLh)  (mgLh) /C (mg'L™)

1 300 250 18 35 40
2 300 250 18 3.7 70
3 300 350 22 35 40
4 300 350 22 3.7 70
5 400 250 22 35 70
6 400 250 22 3.7 40
7 400 350 18 35 70
8 400 350 18 3.7 40

1.4 HANEREGIT A
FH Microsoft Excel 2013 X056 Fr 5 2 1447 73 Hr

FIYEE, 18 IBM SPSS Statistics 19.0 34T 3 4747 &
ZE I (Duncan 1, P<0.05) , RELE R LISEE
AR 22 KR o

2 HR5SH

2.1 FRZBEENEAETTREEEEAE LR

HRAL TG b 2 6 4 T SR VP SR A R, R R
ST AT ) R AR R . R 2 AT S
KRR R IR FKCE R BT 3 4 W S A B b fe bs, S
AN DR 2R E RIS PR R R R R . R R A 1 AR
8P DA SR BT T R B E R, T R R A N R A T
et FREDR W0 0B WO L A FR bR 2 — AR B3 T R 11
PR B AN 0.53 g/L, R BAK T AR 5E 0 A i PR
& (1.2 gL) ; EFEAR. REEEE. pH . SO,k
INERF, 3 AMEFKCERERE pH HEF R EER,
BT S, 15 A AR E A 35 AR B 7% & B bR
(GB/T15037-2006) 3k,

R2 TRIAEERTFLBBEFIBLIER

Table 2 Physical and chemical indices of wine samples treated by different fermentation factors

- o s . 1 5 )5\
4hFR KF TG FE L WaE gﬁﬁl pH i mmﬁgw
0, 1 7 1 1 I
Treatments Level Alcohol content/% Total acid/(g'L™) Volatile acid/(g'L™) sugar) (g~L'1) pH value (g~L'1)
. 200 12.344+0.01a 5.04+0.00a 0.53+0.01a 3.00+0.10b 3.73+0.01¢c 35.90+0.26b
AFELE
Assimilable 300 12.34+0.01a 4.95+0.01a 0.53+0.01a 3.40+0.10a 3.76+0.00a 36.50+0.10a
nitrogen/(mg-L™)
400 12.29+0.01b 4.91+0.01b 0.50+0.00b 3.07+0.06b 3.74+0.00b 35.83+0.42b
150 12.36+0.01c 4.89+0.01a 0.46+0.00a 3.00+0.14a 3.72+0.00a 36.15+0.07ab
EaSEZ
Yeast polysaccharide/ 250 12.44+0.00a 4.85+0.01b 0.43+0.01b 2.55+0.07b 3.73+0.01a 36.50+0.14a
(mg'L™)
350 12.38+0.00b 4.80+0.01¢ 0.4120.00¢ 2.30+0.14¢ 3.72+0.00a 35.85+0.49b
. 14 12.40+0.01¢ 5.77+0.00a 0.42+0.01a 2.33+0.06a 3.36+0.00¢ 35.97+0.21a
g iy
Fermentation 18 12.51+0.01b 5.42+0.01c 0.28+0.01¢ 1.50+0.10b 3.50+0.01b 33.20+0.26b
temperature/'C
22 12.71+0.01a 5.54+0.01b 0.31+0.01b 0.77+0.06¢ 3.55+0.01a 33.23+0.15b
33 12.34+0.01b 6.70+0.01a 0.45+0.01a 1.80+0.00b 3.41+0.01¢ 29.13+0.21¢
y’ AN
.W” PH {ii 35 12.8540.00a 5.55+0.01b 0.42+0.01b 1.77+0.15b 3.61+0.00b 33.70+0.26b
Initial pH value
3.7 13.89+0.01a 4.66+0.01¢ 0.45+0.00a 2.67+0.06a 3.78+0.00a 36.67+0.25a
. . 40 12.7240.01b 5.16+0.01b 0.27+0.01b 1.30+0.00b 3.51+0.01b 38.17+0.32b
SO, TR
Addition of SO/ 70 12.784+0.01a 5.35+0.01a 0.34+0.01a 2.00+0.10a 3.51+0.00b 39.63+0.29a
(mgL")
¢ 100 12.80+0.01a 4.93+0.01¢ 0.14+0.01¢ 0.97+0.06¢ 3.52+0.00a 38.50+0.17b

T BHRARRVNG FRERRAE P<0.05 KT FAFREEZER, TH.

Note: Different lower-case letters in table show significant differences at level of P< 0.05, the same below.

2.2 ARAABEZMEAETHEEBETEES LS
A
2.2.1 TTRMLRAT 22 FAAEW 897k

SWRIETEE Codor activity value, OAV) &I HIE R
PR RS BRSO A B 5 b R PR R, R T PR
PR A A R A A S T R B P02, g 7 i 25252
TERIE 78 85 22 T 30 3 SRR AR 5 3 SR 40 22 TR TR R I M
K, ML OAVAE>1 HIEFSHT N, R —Lk
OAV 18>0.5 I pR 4318 ik 2 I 1E FH , A0 560 4 2 18 & SRR AIF
BARMOTER, BRI IE R OAV H>0.5 &Sk
BV HTERT 5 R S A (T B G R

M 3. B 1A, ASE AT R UK T A Y
RSV EZETBOR, SEE T T R LA R
£ 1 200 mg/L BN E] 400 mg/L I, 7 77 1 v A v
BE2E. Hih 3 KA SRR 7N 60.28%. 61.78%.
19.50%, H. AT [F) 4h S0 & B A S0 02 2 = R 52 0 K T
MES . “rl AR SR B 200 mg/L Hm#
300 mg/L B, KESEHESYGE=IBA g, bEE T
AR S ESS T A, BEE. BiiSElaTRE, meE
g T A A S e (3 MR UL R
—JCEE) PO EHBUNE N, BEEY, 300 mg/L £
P B T AFDO 5 P T R A R B
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Table 3 Contents of main aroma compounds in wine samples treated with different assimilable nitrogen levels

(ugL™"

75 HEMUEW S - L AR5
Number Aroma compounds 200 mgL 300 mgL 400 mg L Odor description
HH, A
Al 1-CLEZ 1-Hexanol 348.79+75.05b 616.27+92.70a 566.27+29.16a
Grass, Toast,
[SAS S ek
A2 TR 1 760.17+123.74b 3190.42+372.24a 2 942.42+260.65a 7J(.%’ A
Isopentanol Fruity, Alcohol
HOEE
A3 2-Phenylethyl 1 143.43+368.13b 2 042.73+411.96a 1704.20+436.78ab R AL
Rose, flower
alcohol
5 BEL b e :
Bl LHR R 229.02+21.25b 333.64496.97ab 447.38+42.68a %é’ i
Isopentyl acetate Fruity, banana
LT Tl 1l
B2 432.28+23.84b 625.53+54.82a 648.88+10.83a ZU5 Pear
Hexyl acetate
% 3 7 ik
B3 LHA LR 400.72+110.21b 702.15+44.62a 611.65+78.11a 17 Flower
Phenylethyl acetate
7 =3 S ::
B4 CR LR 678.81+33.51¢ 984.09+64.67b 1183.68+24.22a ./BZEE’ IR
Ethyl caproate Pineapple, banana
i 7 ik )
B5 R LR 951.13+207.03b 1578.71+4.72a 1461.89+119.06b 7J(%’ L
Etheyl octanoate Fruity, fennel
B6 LG 340.70+18.35b 521.98+45.33a 552.63+£84.87a 7k%’ i s
Ethyl caprate Fruity, pleasan
Cl 7“7‘)@@%‘? 34.04+1.71b 56.74+13.26a 48.97+10.22ab e, Bk
Linalool Floral, rose
e =k
C2 éf@ 103.11+6.88a 121.914£9.92a 129.144+27.81a i, POk
Citronellol Grass, rose
c3 ERE 58.43+3.98a 56.34+4.67a 55.60£9.53a KCHE, Tk
Geraniol Honey peach, rose

i K4, 5,6, 7, 9 MIEMIEAY 53 3 M.

Note: Tables 4, 5, 6, 7 and 9 have the same description of aroma compounds as table 3.

F4 TEBGZHEKTFLEESDEETSVURRERE

Table 4 Contents of main aroma compounds in wine samples

D7) At Total higher alcohols nten : 3
Eﬁﬁ%g% %3:2{ ﬁ;?Stemenes _ Eltreated with different yeast polysaccharide levels (ug'L™)
6000r 3 JE? 150 mg-L"! 250 mg-L! 350 mg-L"!
~ 00 Al 325.9138.02a 327.69+45.02a 374.10:42.67a
fg é 4000 A2 1 919.33+57.09¢ 2 101.03+76.02b 2 293.90+60.28a
‘”E E 3 000} P A3 1 223.75+66.18b 1207.67+49.43b 1616.41+£57.26a
‘g § Bl 595.73+£170.36a 608.34+£51.96a 593.32+41.93a
i % 200 B2 551.78+48.95a 579.97+40.00a 614.06+63.31a
« < 100 B3 478.47+16.90¢ 541.65+18.73b 746.65+42.00a
0 » B4 1292.88+228.31a 1286.62+22.01a 1096.82493.33a
200 300 400 B5 1 724.15+£24.78b 2 181.29+131.01a 2033.91+40.98a
FTRHER Assimilable nitrogen/(ng L") B6 320.48+46.51a 409.96:68.70ab 487.96£30.12a
B 1 RETEARKFAREHEY L 25T EE Cl 36.97+2.50b 47.70+2.00a 29.97+1.13¢
Fig.1 Total main aroma compounds in wine samples treated with 2 65.44+12.78b 100.75+5.88a 76.04£2.11b
different assimilable nitrogen levels C3 40.31+7.16a 50.09+8.25a 39.67+6.66a
24 ik Total higher alcohols

2.2.2 BEE SN ZEHAASMN TR

AN [ B3 22 W 7K ST Ak L 1) R0 465 38 B b o R S
TRWE 4. B2 Fon, IINEEREZ RS SRR AT
HESRR SR YR Z RSN 250 mg/L 1,
PG AW IR FE IR B i KA (198.54 ng/L) , 4R 820
IR 2 BER S EE, MRS REES,, BESE
AN, R R R K. A EIEEREZ BT R S
KEBEZNERENEES, HORAELEE. FIRME.
BEIR .6 Fr 5 E T B 22 MR B 1 Ak i B B AR AL
(P<0.05) , BHUELWIHL FRRSIEY5 MR mE S B2 B L
LR R ER, TR R e 2R A S & R R

BN

o

=
S
=
Py

¥

200 |
100 |

L it Total esters
PSS Tgtal monoterpenes
a

350
¥ E 2 B Yeast polysaccharide/(mg-L ")

B2 FREEFZHEKPFLBEFYIZEFAMREE

Fig.2 Total main aroma compounds in wine samples treated with

different yeast polysaccharide levels
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2.2.3 REFREMN T EHAMASMG A

mk 5. B3 AR, KBRS RESMEWRMN
B, MREM 14 CHET 22 CHIR, SRS
1 66.62%, BRISHAIERRE KRGS B m FFK 45.24%.
32.38%. TEAFIRBERERMG T, CROEE. LMK
Bg. GO, CROMMFR OB SERAFEE
Z5, MEAERREROESELGEERNL. K
R, KREHREE 14 CH 18 ClAl, v EE
AR (46.20%) , TMfE 18 CH 22 Claldefbig
(13.97%) , W5 18~22 CHART R EFSLED
R o

RS TRABEELEEFMNEETSVRRERE
Table 5 Contents of main aroma compounds in wine samples
treated by different fermentation temperatures

o) 14C A 18 q ‘ 22°C
Number EEE LA IR
Contents of main aroma compounds/(ug-L")
Al 643.29+34.39b 650.89+57.83b 795.94+17.52a
A2 1 560.05+50.09b 2 173.54+9.29a 2212.48+0.78a
A3 1 534.60+13.55¢ 2 640.38+56.40b 3219.66+89.03a
Bl 695.61+42.87a 531.11+52.54b 349.75+32.75¢
B2 625.51+6.31a 603.19+13.22a 510.61+30.09b
B3 865.16+28.17a 620.02+8.16b 466.60+22.71¢
B4 1640.57+9.21a 1452.41£11.32b 831.05+33.52¢
BS 1 .800.01+11.40a 1 665.54+123.41b 814.41+43.32¢
B6 561.65+49.21a 504.86+44.04a 416.58+37.97b
C1 43.17+2.14a 31.83+0.98b 26.82+1.40¢
Cc2 87.17+0.23a 73.07+9.59b 63.06+2.38¢
C3 36.43+1.41a 28.4443.23b 22.89+0.80¢

{1 & 41t Total higher alcohols
Liit Total esters

70007 L £ 5 Total mongterpenes
6 0001
22 5000t

=)
{EF§

RO

4000t

-
U3

r
U3
Aroma content/(ug

200}
100

14 18 22
R Fermentation temperature/'C

B3 TRABEEZLEBAEFGIZRAMAEE
Fig.3 Total main aroma compounds in wine samples treated by
different fermentation temperatures

2.2.4 A4t pHAAA T A AMNESHFA

% 6. W 4 NANEYIUE pH 15 AT N R BEE AL 325
FEWIR TR MHEE T YIG pH E 3.3 3n# 3.7 i,
P I R 2 e B S Rk, L R B R T R (P<0.05) .
AT BIRIAE pH (L RHBERE o s i & s ok, Hod
i Ehrlich 824 M E) 57 T lE IR K ORERE pH
R, KRR C. M ET pH A 3.3 #in# 3.7
i, ZHEES S RN 53.70%, 1 ZERHES & i /b 40.81%,
RIGER KRB, BEH pH EA R T Ltk SR R,
o 57 R A I AR O 3 (P<0.05) .

*6 AREIREANE pH EXEBHNEETSYRRERE
Table 6 Contents of main aroma compounds in wine samples
treated with different initial fermentation pH value

1
ug'L
s
No. 33 3.5 3.7
Al 858.91+52.46a 596.34+30.42b 766.05+62.55a
A2 2 438.77+£28.01a 2297.90+88.28b 1737.11+42.60c
A3 1 347.75+44.70a 1262.45+27.15b 1 033.49+44.19¢
Bl 392.08+31.26b 502.46+52.15a 522.51+33.84a
B2 460.704+2.49¢ 642.97+5.30b 736.63+43.07a
B3 369.23+1.68b 445.58+48.72b 560.46+85.73a
B4 1345.67+48.24a 1 185.66+75.58b 854.24+33.94¢
BS 1915.72+56.68a 1 620.63+24.65b 1057.72+£5.19¢
Bo6 537.45+45.24a 477.27+7.99a 336.64+30.52b
Cl 25.76+3.54¢ 32.57+1.78b 45.11+£2.70a
Cc2 47.58+5.60b 84.494+2.65a 82.49+6.03a
C3 26.42+2.77¢ 33.504+3.34b 47.30+£3.59a
2 E A Total higher alcohols
60001 . Total esters
i Total monoterpenes
= 5000}
20
£ g 4000}
=3
S o= 200
rg
W E
NZ q00f
E: 7B\ NN
033 35 3.
HI4fipHAH Initial pH valuc
B4 FRABAnss pHALBBH O EEHAMREE

Fig.4 Total main aroma compounds in wine samples treated with
different initial fermentation pH value

2.2.5 S0,fmEat £ BEAAMNEWHHh

ARG S AN SO, 3 H e T B A
TR R AR K LU . R 7. B S Fos, 4
SO, & M 40 mg/L HNE] 100 mg/L B, mHEEEE
BEWM (P<0.05) , BEREFSWRE & L E W/
(P<0.05) , HiEifbEW & &l KGN, £ 70 mg/L
iR IR B (181,73 ug/L)

£7 TR SO, FMEBLEEHMNEIEESYRRERE

Table 7 Contents of main aroma compounds in wine samples
treated with different additions of SO,

ugL!

F5 40 mg'L! 70 mg-L! 100 mg'L"!
No.

Al 684.03+24.62a 579.12+49.52b 518.95+55.18b
A2 2 135.65+59.18¢ 2 765.96+94.71b 3301.29+41.31a
A3 1441.15+88.29¢ 1 577.80+47.04b 1899.41+£38.97a
Bl 966.57+21.01a 908.65+7.15a 469.12+224.51b
B2 917.17432.85a 765.294+22.27b 645.62+68.76¢
B3 689.62+32.38a 579.62+3.40b 362.85+15.10c
B4 1 568.91+88.28a 1594.16+61.24a 1192.72+84.98b
BS 1 809.69+81.42a 1 604.17+42.18b 1619.70+£28.32b
B6 825.32+81.04a 691.49+47.03b 533.91+14.80c
Cl 40.45+4.88a 47.13+0.44a 24.08+3.28b
Cc2 70.37+3.56b 89.90+5.02a 40.12+7.67¢
C3 34.43+3.69a 32.16+5.44a 15.15+0.54b
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¢ £ 1it Total higher alcohols
Lit Total esters

IR R
Aroma content/(ug-L™")

40
SO, ¥ i Addition of SO,/(mg-L™)

70 100
B S TR SO, AmEAmEHN ELEAMREE
Fig.5 Total main aroma compounds in wine samples treated with
different additions of SO,

B S EY SO, NI R IEM >, BEE SO, ¥
N, FTRE. B, RKoBESREEENN, HE

BE. 1-CEE. RS ERERAD. 7 MHEERESNEY
FEYWY SO, IMMEMRAMK, HP 4ROl LA
LlE. MR OFRTE 3 A SO, K FH A SEINA B EME%E
5 (P<0.05) .
2.3 EEABZFHTEATTHERBEEARLIE
A RIS TR 1) SR A FAL R AR LR 8. 2 Al 8
Ao T 2L PR B v LA AR TR TR R S R P Y B
BEWEESR; RN, BREMANE N a#E NS
BRI OR, AR AR ET 82 oL, mEAL
7R (937 g/L) 5 8 NACERIEFEHE KR T I
BN 0.35 g/L, HORH A ER (A1 FE S IR 45 KRR AL
A EMEZ R BRI TE 29.47~42.50 /LGN,
AAIRERR, B a7 42 DACFRAN, Higy kb HH A S
SEHEHEREERE (P<0.05) , KRK 8 ANFEFEA
AR FRIFF & E bR (GB/T15037-2006) 3K,

*8 ESAEAKBFELIER
Table 8 Physical and chemical indices of wine samples obtained by complex factors fermentation test
Lb 3 R SR R EJFHE pH fH VIS
Treatments Alcohol content/% Total acid/(g'L™") Volatile acid/(g'L™") Reducing sugar/(g'L™") pH value Total phenol/(g-L™")
1 12.61+0.01c 9.35+0.03ab 0.32+0.01b 2.37+0.25ab 3.54£0.01g 31.10+1.35F
2 12.76+0.01a 8.38+0.01d 0.35£0.01a 2.23+0.06b 3.79+0.00d 39.57+0.25¢
3 12.12+0.01g 9.32+0.02b 0.31+£0.01b 1.97+£0.21cd 3.57+0.00f 29.47+0.15g
4 12.30+0.01e 8.21+0.01f 0.28+0.01¢c 1.27+0.06e 3.81+0.00¢ 35.87+0.25d
5 12.23+0.01f 9.23+0.01c 0.26+0.01d 2.13£0.06bc 3.62+0.00e 33.67+0.06e
6 12.39+0.01d 8.25+0.01e 0.32+0.01b 1.83+0.06d 3.87+0.01a 40.57+0.06b
7 12.63+£0.01b 9.37+0.01a 0.27+0.00c 2.50+0.10a 3.57+0.00f 36.60+0.00d
8 12.77+£0.01a 8.25+0.00e 0.32+0.00b 1.80+0.10d 3.82+0.00b 42.50+0.36a

2.4 EEABEMEVMEAETTHAEBEETESTSLS

AL

2.4.1 FARBEMT LEH5AMEME CC-MS A2 R
HERMAME T FEESYRSESERNE 9

FTs, AN [E R E AL A R 5% B S A & 2 RO

HrhB6 (BRZER) . BS CERRZER) . C1 (J5HEED)
FREAEANFEAERZRBER, Al (- . B3 (4
KB FREEANFNERE BN, o, & A
FEMRER R HF SRS R 22 R, Bl Al i R e i %
FEUN.

*9 ESABANBENTEERSURRERE

Table 9 Contents of main aroma compounds in wine samples obtained by complex factors fermentation test

ugL’!

JbFEZH Treatment group

5

6

7

8

Fe5
Number 1 2 3 4

Al 622.13+33.41b  602.33+24.25b  511.54+24.34c  620.08+15.21b
A2 2197.89+21.88b 2 071.59+11.03¢c 1 558.13+60.31e 2 065.81+53.26¢
A3 1581.84+73.16c 1691.70£50.71b 1542.38+33.2cd 1 584.39+6.24c
Bl 658.87+63.33a  610.27+34.27b 235.98+7.60e 296.33+24.53d
B2 664.50£55.89a  625.51432.93b  318.31+13.09¢  375.41+23.93d
B3 587.03+14.56c  608.42+75.65¢c  707.47£20.45ab  706.11+9.54ab
B4 1383.53£34.17a  1339.16£70.87a  451.63+17.52¢  524.12+63.27d
B5 1726.69£27.73b 1793.17+62.31a 1 151.72+35.63¢ 1 288.07+32.96d
B6 496.98+32.73¢  655.35+75.56¢ 835.51+8.74a 748.70+13.02b
Cl 28.01+£2.01d 19.92+0.92f 42.19+2.93a 32.05+0.88b
C2 66.45£13.34cd  64.49+15.93cd 82.52+17.22b 69.22+7.98bcd
C3 19.97+0.86¢d 18.50+5.20d 31.69+10.04a 26.16+0.30abc

595.63+54.66b
1935.76+72.61d
1 592.72441.17¢
304.96+13.68d
390.90+5.83d
722.84+37.31ab
477.73+15.95de
934.33+58.51f
368.51+38.53¢g
40.55+3.87a
60.86+14.05d
26.11+8.20abc

522.07+13.05¢
1591.27421.01e
1453.314£30.99¢
234.88+8.5%
306.53+6.78e
664.93+1.43bc
454.42+20.17¢
929.71+44.33f
555.47+42.26d
31.44+0.62bc
77.00+0.22bc
24.98+2.22abed

673.50+29.06a
2 351.61499.33a
2 117.07422.11a
557.22+24.36¢
578.19+30.04¢
780.88+156.84a
1 158.14+69.92b
1 486.88+44.65¢
354.96+35.45¢g
29.19+2.10cd
98.94+3.03a
29.36+2.54ab

614.71+13.71b
2 186.23+52.48b
1 696.21+£71.07b
548.17+10.38¢c
579.29+14.01¢c
675.10+58.53bc
1070.78+7.47¢c
1 320.75+37.33d
440.90+50.93f
23.57+0.35¢
79.2242.39bc
24.2243.37bcd

2.4.2 FAMESMABRENHT
MR R (G 10) WAL AN [RATRE PR 300 2 A
Wi K R 9 = B T EE > SO, TN IN B > I B 22

=)

=

>0 [FELE >pH 1H: X

1S VA
52

b > A =N=A
EREER

ey (4 B 9 K

PRI B > ] [ AL & > SO, NI >pH 15 >R 2 b, X

LY SRR

Al AL > KBRS > SO, YN

Wi () 2Ry 9 - B 22 > pH {H >
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Table 10 Range analysis of total amount for main aroma compounds

b3 . ?Iﬁﬂc@{?\ MR ) Zi@??ﬁfg #l ﬁlﬁ pH A SO, IR R Concentration/(ug-L™)
Treatments Assimilable {111trogen/ Yeast polysa_clchande/ Fermentatlo:l InitialpH  Addition of SO,/ EGEL (1) R (1D 8§E dID
(mg'L7) (mg'L") temperature/C value (mg'L7) Higher alcohols  Esters Monoterpenes

1 300 250 18 35 40 4401.86 5517.59 114.43
2 300 250 18 3.7 70 4365.62 5631.88 102.91
3 300 350 22 3.5 40 3612.05 3700.62 156.4
4 300 350 22 3.7 70 4270.28 3938.75 127.43
5 400 250 22 3.5 70 4124.11 3199.27 127.52
6 400 250 22 3.7 40 3 566.64 3145.95 133.42
7 400 350 18 3.5 70 5108.13 5094.79 158.62
8 400 350 18 3.7 40 4497.14 4 634.99 127.00

ki 1 4162.45 4114.56 4593.19 4311.54 4019.42

4243.23

ko 1 4324.01 4371.9 3893.27 4174.92 4 467.04

R1 161.55 257.34 699.92 136.62 447.61

ki 11 4697.21 4373.67 5219.81 4378.07 4249.79 435708

ko 11 4018.75 4342.29 3496.15 4337.89 4 466.17

RII 678.46 31.39 1723.67 40.18 216.39

kIl 125.29 119.57 125.74 139.24 132.81 130.97

eIl 136.64 142.36 136.19 122.69 129.12

RIIT 11.35 22.79 10.45 16.55 3.69

2.4.3 HERESHT

N3t D ERTUAN [R5 e DR 3 5 0 ) 9 T A AURUR
MISCIBHE, X2 9 KA U AT I R . il
WK (heatmap) Ry, K4 R LRl 1 s B0
FUREDLHI K, AT LA H Hodhs A s AR e (R AR (&
6) o K 6 MHFIRAFK IR, FATRRAFBE
SR BB RIRR R R A A AR P R
Z o

i1 MRSz

Relative abundance

B NNJCOD i
[l (5]

AL FEZH Treatment groups

1 YRR ARKREAHE, FTERNARNES5R.
Note: Each column shows different experimental treatments, each line represents
different aroma compounds.

B 6 BRI LBIBMN IR EA AR B RES T
Fig.6 Cluster analysis of main volatile aroma compounds in wine
samples obtained under complex fermentation conditions

HHE 6 RIAL, AR AR R ] i e A 2 40 5%
RWZECT R, Hfkb®E 1.2, 7.8 A—2K (18 C),
PR 3. 4. 5. 6 A3 (22 C) , BINREEEERHERE
TR S EEWEK, pHEM SO, B INEZH =X £

BR BEE SIS B A N, Heh AL B A A R
Foprar s, Wl R R ORI EERE 2 BT 3 A S AL S
SR SCI R B v AT UE pH AN SO, VN N & SRR
L3I

AFEFESWREMN ER TR 2 KK Gyid o, Fi
FKAHE 3 Frpans, EPRMESINEY), FERTHE RN
ZRERR; i RO IA M SRR R ES, B
RIBEFESY, HFFHIX—RNag5R8 3 K (O, @,
®) , HPBEOREFESWFRARE A2 (RIKED A3 CRZ
fE) BS CGERRARE) , TEAFRSE. BEENESHRHE;
EORESMFAIE Al (1-CF) . B3 (ZBRELE) .
B6 (BB , X 3 FiAE eSS =, AF T3
A ERNE RN FORFAMRESR Bl (LK
FIRER) . B2 (ZFRCES) . B4 (BRRAES) , RERT
BB AR AR . 58 T AR A 5 S
TERIR AR, BARKKBRE (18 °C) AR T H %
G . BEE AT R, W8I0 rh &5 R R 1 T [R] A6 2
(300 mg/L) FIEEREZHE (250 mg/L) A F T4 ik
AR SR KR, pH EFT SO, BN i Fp & AW &
BERZMELK

3 it i

AT RRL I, AN I T AR A
R RIS RS, BRI, RN RE R A R
IR P AR A R R . 22 RSP R T AT (R A SRR
BER TR VE () 52 I 8 1, 00638 5 0 ot B0 B AR
(200~230 g/L) B}, FERPGEEEEAE KR A ZHILE W] [F 1L
B EIWRERI S ; S8 n R E R 2R E T
330 mg/L B, % 78531 2 BRIE e BE m [R) 40 U 1 75 22
Sophie 2P ST KB, i T LA S B A0 Ehrlich
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AR ) S T TR T R 1, AT S 0 v I B R
B, Bhah, FEREZ PR DT AR AT AR
FROE, SRR PRI R L, AN RE 2 B e G 2 n
BEZWT A NP ERERERMEY &5, AEARK
TR R INIRAR . ARIGE I R R Ml En, AT RALA
T BE 22 W R FF o 2 B S A S I S e G R R A
L, X ATRE S W A A 0% . H BTEERE 2 B s
MR &2 st EEES, HaoTdamth&F
10% /47 8 AR AN 2 1K, B i a2 K R 1) a- S 4 1 T
A LT[R A6 2800 T8 O & S I 1 & AR AT I 1 .
R EX %R FEFSNEGM N EE, FFHAUR
R R T 2] W R AR A S AR, X AR T
T A 5 AR R DA B A B Y BRI
R A RT3 B A S R B AR e Y, (HIX 9
R EFSYRR AN E B H, TR EA FRE &
T, SHEEE A AT S FE N 2 57 £k 550, Beltran
A DOV} TR P B R AR AT i AL 2 0TI R L, 4R T
BN 10°CTH &R 30°CH, FERFNAE Py -5 2 SE R AT AH
KERMEELETH, ARANRKERR o MR HEAN
Ehrlich R4 BE 2 S 0 I0E, AW 70t IR v 1 Tt
BIENERE T R AR R R A . Sumby 5P R
R, T3 E KR pH EA R TR & v A s G
VIR, RIS I P 2 R 1 B H P2 . (MVA) I8
BRI GBS, AT T H MK & R, S
P s S R A R, X SR g SAR L.
URAt, BATHESESIRE Y, WIhh pH X R A P A
B MAROR, 1X F 2R KON RE S pH AR T &, FEREAH
XTSI RN IR /D, ffiE N Ehrlich 8122 LR & &
FEAl, #Eim SR MRS BRRD . ARG RER, SO,
ISINEALE 70 mg/L B, FaSb &Y & B, XAl e
SO, i INE IS 70 mg/L I, HORHE# BESH i i) A2 B 5 T4
R38R, SECAMA B ARUES, Rl S CoA
BB SR AR, fFHEN MVA B2 H 41 CoA i
RO, B ZE R A A RO, N SO, £
WA ] R L, AT (A1 B S T 1™ AR 52
AARIG I8 BB S MR 0, ATV RIAR pH A SO, s In &
XA R B R R OB, BT E 1 IX — W
RSN AT RE T 586 KBERIR4 R 2R,
I T DAL 35 0] 4 6 W 2 A A B I AR e AR 3L
SR EAE, HE DR A A FEAE AL 2 &R
YIFACHHSE RN, IEH )5 SR AT 7T .

4 2 it

AARIEAR T 7 A AV ERGE R 16 57 N & 1 R 40 32
BESYRSERTIER., SRR, 300 mgL 0]
AL ZURE B eSS . BR2E. Huns 3 RERWIE &
MEELE L B INE N 250 mg/L I, RS S A BIAF
BONE; MRBEEREN, SRESEEEE, B
PN R A B B T BRI BEE R AT TG pH E
fORE K, . B RE R ERIK, BiisREET
Bs W0 70 mg/L (1) SO, I, Hgsfb G B . A

RFEE SRR, KBIEEM SO, tNINEX md & &
MBS R s R PRI B 5 AT A A B R SR A SR & &2 1)
WK, B RE 2 MEAMIAE pH EX i R EHF SRS =
MELK . FEFSNEGMMESN RRERERER: K
F R B FE 18 °C 146 pH {H 3.5.SO, ¥ I & 70 mg/L.
300 mg/L Al [FIfLZ W0 250 mg/L % BE 2 RS 5t N FF
TAMEN, WA RN REREUE
VI & OB TR
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Parameter optimization aroma enhancement fermentation technology of
dry white wine

Zhu Xia'?, Liu Qi**, Zhao Dandan?, Duan Weipeng'?, Han Shunyu'~?, Yang Xueshan'**
(1. College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070, China; 2. Gansu Key Lab of Viticulture and
Enology, Lanzhou 730070, China; 3. College of Life Science & Technology, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Aroma is one of the important parameters for evaluating wine quality. With respect to there origin, wine aroma
components can be classified into three groups: they are derived from grape fruits, fermentation and maturation process.
Although several factors may play a role in the aroma quality of wine, the fermentation condition is possibly the most
important element. In this study we investigated the impact of single and complex fermenting factors on the main aroma
compounds of Italian Riesling Dry White Wine. The volatile flavor compounds in grape wine samples treated with different
content of assimilable nitrogen (200, 300, 400 mg/L), yeast polysaccharides (150, 250, 350 mg/L), fermentation temperature
(14, 18, 22 C), initial pH (3.3, 3.5, 3.7) and SO, addition (40, 70, 100 mg/L) were detected by headspace solid phase
microextraction/gas chromatography-mass spectrometry. A large effect of fermentation condition on wine aroma quality was
observed. The results showed that 300 mg/L of assimilable nitrogen was beneficial to the accumulation of higher alcohols,
esters and monoterpenoids in wine samples. When yeast polysaccharides were added at 250 mg/L, the content of
monoterpenoids reached the maximum (198.54 ug/L). With the increase of fermentation temperature from 14°C to 22°C, the
content of higher alcohols increased significantly, while the content of esters and monoterpenes decreased significantly.
Increasing the initial pH of grape juice was beneficial to the accumulation of monoterpenoids, among which linalool and
geraniol changed most significantly, but it was not conducive to the formation of higher alcohols and esters. Increased
concentration of higher alcohols were detected, while ester aroma components and monoterpenoids content were differentially
modulated by SO, addition increased from 40 mg/L to 100 mg/L, andwhen SO, content was 70 mg/L, the total content of
monoterpenes was the highest (181.73 ug/L). The range analysis of orthogonal design carried out on wine samples collected
from eight experimental groups indicated that fermentation condition affected the formation of the main aroma compounds.
The contents of B6 (ethyl caprate), B5 (etheyl octanoate) and C1 (linalool) varied greatly among different treatments, while the
contents of Al (1-hexanol) and B3 (phenylethyl acetate) changed slightly among different wine samples. In addition, the total
amount of ester compounds differed greatly among different experimental groups, the content of monoterpenoids and higher
alcohols differed slightly. Fermentation temperature and the amount of SO, added had a great influence on the concentration of
higher alcohols, fermentation temperature and assimilable nitrogen had a great effect on the content of ester aroma compounds,
and the contents of monoterpenes were significantly regulated by yeast polysaccharide and initial pH. The clustering results
showed that the correlation between assimilable nitrogen and yeast polysaccharide on the main aroma compounds in wine
samples was high, and the correlation between the initial pH of grape juice and the addition of SO, was high. The lower
fermentation temperature (18 C) was conducive to the formation of geraniol, isopentanol, 2-phenylethyl alcohol and etheyl
octanoate. Adding medium concentration of assimilable nitrogen (300 mg/L) and yeast polysaccharide (250 mg/L) could
promote the synthesis of isopentyl acetate, hexyl acetate and ethyl caproate. Higher initial pH was conducive to the
accumulation of linalool, citronellol and geraniol. Moreover, the physical and chemical indexes of all wine samples meet the
requirements of national standards. Our study reveals that the synthesis and release of main aroma compounds in Italian
Riesling Dry White Wine can be effectively promoted by the production conditions of fermentation temperature 18 ‘C, initial
pH value 3.5, the amount of SO, added to 70mg/L, assimilated nitrogen 300 mg/L and yeast polysaccharide 250 mg/L.
Keywords: enzymes; fermentation; optimization; assimilated nitrogen; yeast polysaccharide; aroma compounds; dry white
wine; Italian Riesling



