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Abstract: [Objective] This study was aimed to investigate the effects of gallic acid treatment on color and aroma preservation
during the aging process of Hutai-8 rosé wine, in order to optimize the design of color and aroma enhancement techniques for rosé

wine production. [ Method] In this study, Hutai-8 grape was used as raw material. Gallic acid was added at three different stages,
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including pre-fermentation (Pr), mid-fermentation (M), and post-fermentation (Po), with the concentrations of 200 and 300 mg-L™".
After a 6-month storage period following fermentation, the aroma compounds of the wine samples were analyzed by headspace
solid-phase microextraction-Gaschromatography-mass spectrometry (HS-SPME-GC-MS). The color parameters (L*, a’, b, C o, Ha,
and A*Eab) were determined by the CIELab color space parameters, and the color indices were measured by ultraviolet
spectrophotometer (UV). Finally, the sensory evaluation was conducted to analyze the influences of different treatments on the aroma
characteristics of the wine samples. [Result] The post-fermentation treatments significantly increased the content of fermentation
aroma compounds compared with CK, with an increase of approximately 16%. However, there was little difference between
treatments of the two additive concentrations. The pre-fermentation treatments positively contributed to the preservation of varietal
aroma compounds, with an increase of approximately 65%-73% compared with CK. The mid-fermentation treatments had a lesser
stabilizing effect on the aroma compounds of the wine. Sensory evaluation results showed that post-fermentation treatment had the
best effect on improving the overall aroma of the wine, and the pre-fermentation treatment was more effective than the
mid-fermentation treatment. PLSR models revealed that terpenols, fatty acids, higher alcohols, acetates and fatty acid ethyl esters
were the main aroma contributors (regression coefficients>0.1) to floral and citrus attributes (R%c>>0.80 & R*v>>0.70), with fatty
acid ethyl esters and acetates being particularly prominent contributors. The color analysis results showed that pre-fermentation had a
significant color-preserving effect, and the treatment with 200 mg-L"' (Prl) was more effective than the treatment with 300 mg-L™
(Pr2). Comparied with CK, Prl treatment group’s, L” value decreased by 0.58% and a” value increased by 45.38%. Furthermore, the
color characterization results showed that pre-fermentation treatment enhanced the purple-red tone of Hutai-8 rosé wine and the
treatment with 200 mg-L™' was more effective than the treatment with 300 mg-L". [ Conclusion] The addition of 200 mg-L™" gallic
acid before fermentation had a significant effect on stabilizing the color of Hutai-8 rose wine, while the post-fermentation treatments
could significantly increase the fermentative aroma content of wine.
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M85 G (OAV>1) [ Bl 3w T HAb 4l
C4—C14 BWR L1, B TR L. 5% L8,
CIROEE. FRROBEMZER O (ERib&Y) OAV
H¥RT 1) S EAE Po kB 52w T AR FE
B T RABEEYFAL, Pol F1 Po2 Hh I TG & W2
m T AL RS, JCHEERR . Prl R Pr2 RATAEY)
BEET CKo BT WRE (1 2 A1 A BRI
WYL EEESR.

h TR BN, NS B2 20 45
RAEF SR AR, R OAV>0.1 [HFK
OBEAT B M (PCAY o W 1 Fis, B2 AE
AR T T 210 87.99%, Hr PCL. PC2 434ty
BiE BT 61.26%F1 26.73%, PC1 At T %40

HUEH, FRMEY T AifE PCLIIE b, H
HFRE SR f-E T A B, RS
JST I 2- VR TR Ol R OBF . LRI LR AE Prl
Pr2 Ji [, WA R RS I 85 MR AW £ 3 1
HORAT EM L i M A S S R S S s, 1
REERY, WRROER. %R SR, YR, 7
R SRR OlE CIR OBR LR OHE ~FIR g
TRLEE. LBRFNEE. L5+ THE. 57 1 iess, R
&t Pol, Po2 JHI, RWIFEABEGAIMBLE TIRE
S MRS LA 2 v R AR U o T ML
M2, CK IHEAH, AXATFLIR SBRA TS DU IR, i
W B P N 0 i B IO AR 80 A S R AR A T
LS

prl @
1.5 =
X OAV>1
® ;o ® 0.1 <OAV <1
1.0 =
X S-4% 4 il p-Tonone
2K Z.J§ Phenylenthanol B
&I Phenylenthano X i Citrinellol
2-H13E TR L[ Ethyl 2-methylbutyrate
- ®
E 05 1= LB LG Phenylethyl acetate
)
a
3}
- L5t ] 1 Isobutyl acetate [
5t 1'li¥ Isobuty lalcohol X LRI Isoamyl acetate
o V1% L5 Ethyl octanoaic?® i £ Ethyl butyrate
L .15 Ethyl hexanoate % L% LG Ethyl acetate
5% ¥ Isoamy lalcohol % Octanoic acid
® M2 5 1% 41 Ethyl isovalerate X U Hexanoic acid
0.5 = ® pro2
X R Linalool ® 4R Decanoic acid
CK® @ Mi %418 £, Ethyl decanoate Pol
B L L1 Ethyl lactate
o 1 1 \ 1 1 1
-1.0 -0.5 0 0.5 1.0 1.5

PC1 (61.26%)

E1 BIWANERS EMESHKS B ERERSH

Fig. 1 Loadings of aroma components and distribution of wine samples on the first two PCs

2.2 BAETRAEMEEEESSTHENR

2L YIRS PF SO AR RE ) 4 Fh gL A 35S
FRAEREAT AL SO, 7 AR SRR AE 10 50 B D1 40 2
B2 fis. SxPEAILL, ERBERT (Prl. Pr2) MK

fJ5 (Poly Po2) VRN TR ALIEA LG T
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JaAb FRZE N IR RSO AR . o, Pol
UM R SR () A SR AIE, 1T Po2 JUIZR I 5 2 (¥t
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BEFES. Prl. Pr2 K Po2 Kbl ERLEHIGS TR
F e KEETRMEE FRIGEA (M1, M2)
R R i A A BB o . X TR, K
PR S VAN IR B T IR SR o, R AT RN SRR T
Y4 A (S

N TR AN AR B, AW A RIS A
B EZ IR FR, RUEFER 4 Fh R AL
M OAV>0.1 1) 10 MEMEFAIMEWHEAT T
PLSR. 4 Fh & SURFAE U R R R0 A 75 (1 e A A5
05 /2 PLSR A2 () %2 1E A1 5 R %L R’ >0.80 LT

WA 2% R*v>0.70. PLSR 23 B4 S0, T
TEFRAAE, B R My R A FE 240, R FS 4L
B YA R A B DT, RS SRS K
A o L AR T R I AL o X TG R AL,
FERPE ML ARRE SR 5 H B G, wikd . IRITIR
K BER mA 2 0.1—0.2, LFRERF C4—
Cl4 JEWT R CBEM R REK T 0.2 (R 2) o HIk
A, RAEBRRY IO P ORJ\S T B2 A
MG AL TR R, ORISR 107 R A
P o5

Flower*

IES

AR

Sweet fruit

Sour fruit*

Mt
Citrus*

--@-Prl —O— Pr2 —-@- Ml —O— M2 —-@—: Pol —O— P02 —@— CK

PR BEN 2 R % (Duncan #7565, P<<0.05)
* denote the differences between treatments were significant at 0.05 level by Duncan test

B2 HiEFEESEFENREELINER

Fig.2 Aroma quantification of different sample wines by sensory analysis

2.3 RETERABMEHEEGEFHEXENLERY
A
Prl AbFRALPRE LOE %X, W] % Ak 2
AJ DL A IR o Prls Pr2 AL ) a1 &l 2
F S HH R IR TITVAS N 38 £ - IRONP AA 41 E t i B A
BRSO, H Prl ZOREELF. Prl. Pr2 AbEE4
() b H 2 E PR, B T WA RIS A, Pr2 MBRAR

MR SR T Pri, U R IR R 8 ¥ £ 1 1 mT A Rl
Wik, HaE A 300 mg L BIRCREL . h'y
SEAR AT, AR LR AT b, (D,
WK AL, R R LA BG 2. BR Po2
Ah, FALFE BT, BREAC AL, Hh Prl Pr2
Wb ERA SR IR AL 2 R i B (P<<0.05) (R 3) .
Tt B R TR T Ak BT DL S 4 A 2 WG 1) 22 AL, A L )
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ROMEALEAR. BT Prl. Pr2 JFRZHAN, HAl
HAREALN L' o' bR AE"y 50 TG
S, A MBI C il CRURIE ) B35
o5 Ly LW R R I £ T I TR € B T AT

2 Al o & A A5 A RS A Y 11 €0 R AE A T LS B, Prl
IOV L WA Al A PAR kR ol AN
H Prl (PR AR 3T Pr2. R, 5K BERTS N 200
mg- L™ T R i 503 4 T €8 PR (0 A 0 %

K2 BEUEYMSE 4 MESYFE PLSR 47

Table 2 PLS regression of four aroma attributes by aroma volatiles

FRUFIE wE it BE R
Aroma trait Floral fragrance Orange Sour fruit Sweet fruit
if#i2% Terpenols 0.121 0.113 -0.060 0.102

C6 A% C6 compounds 0.016 0.015 -0.008 0.014

C13-Z W25 % — 4% C13-norisoprenoids 0.084 0.079 -0.041 0.071

R MY Volatile phenols -0.068 -0.064 0.033 -0.057

2% Higher alcohols 0.205 0.193 -0.101 0.173

LTRTE Acetates 0.214 0.201 -0.105 0.180
C4—C14 JENilR L.li§ C4-C14 Ethyl esters 0.215 0.202 -0.106 0.181
HABEE Other esters -0.159 -0.150 0.079 -0.134

JEWIER Fatty acids 0.188 0.177 -0.093 0.159
HATHAY) Phenylethyls 0.019 0.018 -0.010 0.016

Bow 0.117 3.642 23.548 8.471

R (calibration/validation) 0.995/0.877 0.878/0.701 0.242/NA 0.708/0.451
RMSE 0.002 0.015 0.026 0.013
FEAHEREG NA: CIER R ME

The coefficient is the standard coefficient; NA: The valid value is not available

#3 TREALBHEEBED CIELab BB = E S

Table 3 Phenolics content and color attributes of wine samples with different treatments

BitasH Pr1 Pr2 M1 M2 Pol Po2 CK
Chromatic parameter

L 96.41+0.28b 96.88+0.11ab 96.83+0.44ab 96.78+0.16ab 97.08+0.12a 96.86+0.04ab 96.97+0.05a
a’ 3.78+0.23a 3.18+0.46b 2.56+0.12¢ 2.76+0.06bc 2.294+0.05¢ 2.75+0.00bc 2.60+0.32bc
b 2.35+1.04bc 1.82+0.27¢ 4.73£1.17a 4.30+£0.53a 3.71+0.10ab 3.63+0.04ab 3.82+0.11a
C*ub 4.50+0.35abc 3.67+0.26¢ 5.39+1.08a 5.11+£0.41abc 4.36+0.11abc 4.56+0.03abc 4.14+0.54bc
l’l*ab ©) 31.35+12.87d 30.01+7.24d 61.03+4.93a 57.16+3.80b 58.27+0.12ab 52.924+0.31¢ 55.02+15.93¢
AE*ab 2.04+0.81a 2.10+0.39a 1.01+1.10ab 0.57+0.48b 0.36+0.11b 0.26+0.01b 0.23+0.14b
B RAL

Color

representation

[6l— b AN R A BRI [T 508 5 IR 7] 7 B 6 R 22 5 8% (Duncan B3, P<<0.05). AE MITHEIE B BOIRE 2 — 15k S I RE

Different lowercase letters in a row indicate significant difference among treatments at 0.05 level. In the calculation of AE',, one of the control samples was

selected as the reference sample
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2o 3k 6 A H 1t HERIEFE AL TR 49.55
—70.00 mg:L"', FAFRLH Y (AR B (P<0.05) ,
Prl. Pr2 AbPRZA MRSt , (H SR ZE SRR B3, Prl
Pol AbFEMMERE AT LUET (CAD BFEHTE, UK
PR ERAT e TR RV e Prl ARFEIE B 48T T

WRE) B S5 Po2 AL A7 MR AT HE T A
B, HUOE Prl. Pr2 AFE. A, M2 AbESEE
AR i A PR HEDRT BE R PR A A ) L
Hikm, AR, CEERMIRZ 4R AT 2 1B
Rz S8, RIS IIE BT R nT A A R R S AR

R4 FRAEEEEN®ERER

Table 4 Physicochemical indexes of wine samples under different treatments

3817 Index Pr1 Pr2 M1

M2 Pol Po2 CK

MG
Anthocyanins (mg-L™")

70.00+6.43a 70.00+0.00a

58.64+3.21ab

49.55+3.21b 60.91+6.43b 54.09+£3.21ab 58.64+5.87ab

W BT (L L] FA (%) 23.16+4.47bc  33.81+0.67a 17.58+3.43¢ 19.10+2.76¢ 22.90+4.11bc  29.46+3.95ab 19.78+2.39¢
ZIRMACETT LS PA (%)  61.17+4.63b 55.49+2.33b 73.5943.06a 71.35+4.15a 59.03+1.37b 62.37+6.08b 71.2142.62a
AT LB CA (%) 15.67+0.17a 10.70+3.00b 8.83+0.37b 9.55+1.38b 18.06+2.74a 8.17+2.13b 9.01+1.21b
Py ] 56.00+6.76a 44.57.89+2.02b  46.00+4.54b 47.43.00+3.22b  44.57+3.18b 44.32+2.86b 45.99+£0.53b
Xanthone alcohol (mg-L™)
AR 66.76£6.23ab  66.76+2.07ab 55.00+2.98ab 50.59+1.56b 60.88+6.24ab 74.12+10.80a 59.41+3.13ab
Tartaric acid ester (mg-L™)
AT 5 17.71+0.87d 12.41+1.50e 32.054+2.33a 27.54+1.05ab 21.97+021cd  23.55+2.43bc  26.16+0.98bc
Tonization index (%)
3 b M, . B fsKEHSE . ARy,
‘JTE N N - NN
AR Ry 2K o 5 A A E P 2 1A A B
3.1 BETEEMW PAXNS HUBAEBEESYR NAFAEZ S, JUNG 25:P%@ Rk 1D Al 2D'H NMR %
2 WHRETIRE 2-WHME., F2EMAHR OB

BB SAA W R R A/ AU T3
Er AR R, R TR AT P R R )
SRS, Wy, 2R AR, X LSRR N I
RN o o 2R 0 20 A 20 ¥ v 3 S g R M R
Kot ] 2 A AT B Y, A B L 1
AU KT - LAMBROPOULOS 25U STRFT 1A
O, WO R 5 T R T L ek % T e ot
JURP BRI IA AL S & B P BRI . BRIt
RWY, BLRUEAIAET IR T LR R . A
FWE o S R - F IR g R R Y. A
WEFC A, Bt 7 IR VA% 0 I 1) % 261 240 99 1160 75 /< Wi
BA, BZRIEREN, W62 RARINEE TR
— 7T A LA SR — S /S A S IR, 5 D5
W W] DASE LR — S PR W2 T KK A B
STV A AT g RAR WY, R AL HIN R A
IR SR B, R I 5 AL BRSO RIS
TR 3

15y 2 A B S oS B ol S A B
VERTI P2 A 5, 32 B2 2 40 1 100 99 16 L 40 AR B A

AL AR W em BRI AUBEK Y, DUFOUR Z:PY
A8 NMR FUA] RO R LR BT RS &
SR Z R E B HUKVER . ATFRCRY LB BT
R 5 A W ST A5y 1 HAE, AR TOR
Ak R T AY . T HAERT . By

TS RETT.
3.2 JRETFERAEN ‘PX/N\S HhOFEGREE
SR

P LU, R\ br 2 1 (v i 7R
FAAREMAET, AW, SV 5 s s
WIEFEIAEE MG BRI FiH R & e AT
TR AT, SR AR L, B TR N
Qb B ) 2 0 L AT B e I AR, BRI S A
oA A A O e . s SRR A
(PLSR) 5 8 I -4 28 i 7 9 LR A < 5 /v AL
W2 IAECF K R . YANG &P T PLSR #
T, R 3 s v 1 EEL IS I X R O 4 745 38 1) M A R A
TR AT IR TR, LT U@ R PLSR M I 4. 1R
B A R K\ Bk 2 2 W 1 L S
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HEIEEM . AWFFCR T AER R &S
T AW PLSR AR, RILE & FIRA
U0 (R AT AN AL B R AE 10 BT S T &
MlE. IRNiRR Cle. SgmE . IRMiR MG R E
W (EHRE>0.1) , ULEARRE 1R B S T
FURINS BRLLAIA W R S TR K, X
5 ROUSSIS %P su g 12, RIS bEH k. u
W 2 R ¥ 7 TR T VS & A T AR IS — L R AR
RRAR G E MR Sy R (T
3.3 RETFERAEXN ‘PX/IN\S HRILEEENFE

1EF

Py A A 45 0 060 750 G o B i e 4 i ),
AWFFER I, TS Ak BB ARG 1 Bl
B, H 200 mg-L AbER K P X €8 56 1 2535 RO AR T
300 mg- L 7KV« WANG 25136155 11 6 7] 245 10 4% 1 i
GO R, Ao B s s B R, 10
02 Ty (R332 B P e 18, X 5 A 90 v R I i VS
B TR I S R 4t — 3. fef
FrEFRbR I AT 4 R, R IBERTAS I 200 mg-L™!
W& FREERIAT RIS BRL w4
AL LA, T 300 mg- L Ak B A T o i
BSAE IR L o Mk £ 2 W PR e S R
200 mg L & TR CAE B, i m R
{10 oy 1 V2 0 2 T AS R -l € 5 Y o ASHIE S R S 0
AT T IR B A R SO 1) R AR AIE A 4 T
BRI S ER A IE 120 mg LB G W KL,
B TR EEAE 1 000 mg L™ BLR I AN 25 25 6 %5 10
A7 oK B s kP, ik, 200—300 mg L' )
B TFRBIEASEW KNS L %
R AR AE

4 g

PL RS % M RS MR 2O 2, B
FUAE R A P B IR VS I Ak B A e Wb £ 61 265 W
AREEERIN W 1. WER . R E TR Ak
HO SR E SRR E R 3, R R S AR EE NS
FoE KRR SISO B3 e i, ki
S VLB R Ak BRI A AR s O R, HL
200 F1 300 mg- L™ AbFE AP (IR 2 5 A K, PLSR #5
R R EE R BRSNS, P R\S " Bertis
IR ML B S ok s X T R, RIERTI
TR BRI R, 200 mg L AbHE B R
FET RIS BRLCHIET R A T LA
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Appendix Table Standard aroma curve

{REG I R] YRAAFR IR 9 %Uﬁ?jﬁ%
Substance Name Equation R Concentram:n Range
(ng'L7)
KIS, Fermentative aroma compounds
8.06 Z.B2 Z. 1% Ethyl acetate y=6137.4x+1670.6 0.9994 600-90200
11.63 L5 T s Isobutyl acetate y=611.67x+2.5272 0.9995 40-240
12.48 B2 25 Ethyl butyrate y=1368.4x+8.9756 0.9992 7-1080
13.02 2-FEETHR Z I Ethyl 2-methylbutyrate  y=1256.7x-0.3623 0.9985 3-100
13.54 SIKER 2. Ethyl isovalerate y=1340.4x-3.0966 0.9981 0.7-100
13.69 ZER T Butyl acetate y=1133.7x+0.7744 0.9961 6-40
14.57 S THE Tsobutyl alcohol y=10193x-504.61 0.9953 600-90000
15.54 LR 5EI%NE TIsoamyl acetate y=117.72x+3.9194 0.9955 53-80000
19.07 5JZHE Tsoamyl alcohol y=3907x-342.31 0.9987 2157-323600
20.06 CLfig 1% Ethyl hexanoate y=34.728x-12.257 0.9961 24-3600
20.52 1-/%8 1-Pentanol $=6600.3x-20.443 0.9997 3-500
21.42 LR S Hexyl acetate y=31.471x+0.1069 0.9991 7-1000
24.06 FLER 2% Ethyl lactate y=58808x+689.14 0.9989 1375-206200
24.49 1-C.% 1-Hexanol y=338.42x-33.127 0.9993 200-30000
28.05 1-BElE 1-Heptanol y=201.8x-1.3246 0.9997 0-1000
28.1 FFR M Ethyl octanoate y=23.32x+12.793 0.996 20-3000
30.08 24 Decanal y=1.0056x+0.38 0.9972 9-1400
31.61 1% 1-Octanol y=11.538x+0.7669 0.9997 3-12500
34.26 &R Z.T Ethyl decanoate y=40.701x+2.515 0.9974 5-800
35.34 BEFAFR — Z.F Diethyl succinate y=552.68x-414.01 0.9973 533-80000
37.98 1-%4% 1-Decanol ¥=6.2735x+0.1666 0.9988 0-1600
39.14 LRZK .l Phenylethyl acetate y=124.14x-6.9326 0.9987 4-600
39.59 HH:RR B Ethyl laurate y=275.42x+2.4218 0.9981 2-360
41.35 W% 2-Phenylethanol =980.01x-124.12 0.9994 1333-200000
43.76 WG 5ERE £ Ethyl tetradecanoate =63.373x-0.2355 0.9996 0-240
43.99 3R Octanoic acid y=61.544x+30.96 0.9985 40-6000
49.54 Z4[i% Decanoic acid y=135x+17 0.999 9-1400
Bl A Varietal aroma compounds
25.6 (Z)-3-C.¥fi-1-B  Z-3-Hexen-1-ol y=11494x+7.8778 0.9975 0.02-1600
31.16 HBFEE Linalool y=1871x-200.32 0.9989 0.02-1600
36.08 a- il a-Terpineol y=5238.5x-165.45 0.9926 0.02-1600
37.64 FFEE Citronellol y=3511.9x-7.5813 0.9999 0.02-1600
42.05 S-4% 2 B-lonone y=675.69x-11.848 0.998 0.02-1600
46.68 T 7% Eugenol y=15037x-76.044 0.9949 0.02-1600

BekRiE 25 0E A T Shimadzu QP2020 GC-MS il DB-WAX il F: (60 mX 0.25 mm X 0.25 um, Agilent J&W, USA) i#id SCAN
BB R y: HSREE: x: BB 4 GETERER) BRI EIRY 2- S REUETR AR s 2- 2 WEINE N 40 pg L', HARRAE
TR g B2 M e] EAT AR LA R0 4

This standard curve is only applicable to wine samples analyzed by Shimadzu QP2020 GC-MS and DB-WAX columns (60 m X 0.25 mm
x 0.25 pm, Agilent J&W, USA) by SCAN method; y: True concentration; x: Diluted 4 times the target material peak area/2-octane peak
area of the wine sample; The dosage of 2-octanol was 40 pg-L™, and the quantitative analysis of aroma of wine samples with other

dilution ratios could be adjusted accordingly
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