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Effects of Exogenous Polyphenols Addition on Color and
Anthocyanins of Dry Red Wine
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Abstract. Color is an important sensory characteristic and quality evaluation index of red wine; while
anthocyanins are the important material basis for the color, stability and nutritional functions of red wine.
The effect of exogenous addition of natural pigments on the color quality and anthocyanins of red wine was
rarely discussed in previous studies. Cabernet Sauvignon dry red wine was added natural pigments [ and
Il , as well as three kinds of polyphenols, baicalin, chlorogenic acid and gallic acid which have been
studied intensively as control, before and after alcoholic fermentation to explore the effects of the basic
physical and chemical properties, color quality and anthocyanins of the wine samples. The results showed
that the color of the wine was deepened, the redness hue was intensified and the anthocyanin content was
increased along with the adding of natural pigment [ and natural pigment [I before alcoholic
fermentation. In contrast, the effect of the additions after alcoholic fermentation were weaker than that
before alcoholic fermentation. The adding of natural pigment [ after alcoholic fermentation was beneficial
to the stability of anthocyanins, but the effect was weaker than that before alcoholic fermentation. The
treatment of other polyphenols had less effect on the color quality of the tested wine. The research result
clarified that the addition of polyphenols before alcoholic fermentation was more beneficial for the
improvement and stability of the color quality of red wine, as well as for the stability of anthocyanins.
Relatively, natural pigment [ was the best copigment.

Key words: red wine; natural pigments; copigmentation; quality control; color quality; color

visualization

W fe H 3. 2023 -01-30 & H . 2023 -02 - 18

ESTE: WimgEs /g @6 X X o R A1E & 5 (2022E02011 ) FI [E 2 & 5 BF & 3130 51 A (2019 YFD1002500)

EERB N : 254 (1985—) 3 Al BUIR, W, E 2 N A 250 L 2 DF 5T, E-mail . ykli@ nwsuaf. edu. en

BEEE . WM (1977—) 5 #8z 4, F 5 N A A R ER G 5 KR L2327 58, E-mail ; taoyongsheng@ nwsuaf. edu. cn



400 /4

IR

2023 4

0 3]

€2, 2 2T %65 5 J BV 1) SR AR AE | BE B % 36
TG 4 R TR e B A S R T R R
JEE AR T 0 L R IR TR O D A 1 L R 9
5 e W 487 2 TS A0 T BRI L o A IS B 6 1) T
YR S B AT I o TR R L A 7 XUk
Sl EE TR

TELRREW T AT E T ER R aW T, B
{5 2T 0 v A R U B S AR T, A A
TR TS EOO S EEED HA S
PRSI AR E , 2 BB W R R pH {H .50,
R R A SSERE R . R[S ]
E 1931 4F B3 T AT LLSS 046 €415 (5 3 19 a4k
AW IR T AR NS . e
ARG SANS T ok &8 B TE a4 T 1)
LGS S50 PR R IR 1 5 A R 4 1
Sy TR S v, R R R E Y L A
¢ S BAE B 68 21 4 5905 oP A €4 0 AT 5k 30% ~
50% 96 i L H R BT A R £ Bl K Rk
ARG LY SR T U A LIRS,

2 Ty 2 Ak £ 100 2 0 2 0 4 I 1 R 2 R 4
POk TR RO RN o= R el 58 A A sk N ]
B4 RSeS| (B IE Sy S S
SO AR AL A W, S SR AR T
K JLZE R, o O 2 B R LR
T MEER L L 28 5 2 2 28 LA R ) o 1 1, Sl
WER FEAEB IR R . BRYRSSBA
BRI w3 T A B Tl m - w MEAUWE S
BTSN Wz B F AT T
EHE T MR AR H TR AR A X,
BIF 5 % B MEf 5] 0 7R | 4 D5 R 05 £ T R W4T Y
SRR T 4R TR HL A A 6 RN AT R
T IFRE L3 B A A R R T B O R
PEVT L BESE AR WY, R A B P AR AT B R AL A T
VIME R & Jd B 73 5 70 VAR AR | B2 38 U K R 5
S 3 TR S VS 0 S R R 3
Mk (16 THR T T P Fh K 9K (0 28 76 38 5 3 v i B 3
BRI KRR OEE AR B TR RERA
BIFRIOR . RN O RO ROR LS MEE, &
6300 SR g e B 3R 14 A T M ) R 8 L B R e T
870 1

AT AR ke, 0] 5 425 40 3 40 175 A6 €0 1 A E T A AT
AR E M, O A7l i R, SE
W R L WY R AL A AF (KR A 2) 4
740230 R 22 4 O B o A B SR T LA A

il

kG A (0 R, R — T SR SR A A% A 20 A 4 T
Pk R R AE €0 R Ol (0 3 1 B g
B U R AR AB ZR A O (0 22 By 20 4 0 AE 8
HROMRER D 8T, A SCEBORE R T 40
AT I TE X B, TR A I R R K I T S
MRAROR TAMRIROR T, HFLIB N4 4 45
T2 1L 1R o Xt B, 3 A Ak B AR ) 20 €6 2 i T
RO & B W0 KR @R K H AL 2 By +
ARG K RERERE R DI CRER LR A IS RAY I TN R R LR
IS, ASUY O €196 48 T (0 PR A P S M S BRAR (IS

1 #MB5FE

L1 #HHER

7 25 JEURE Ay R 2 B R A 4 , 2021 4R 9 R4
TV AL A ARBEH R 7 (B B A 5 s Y b
(35°16'35.37"N,110°09'51. 14"E) ,

1.2 RKF 58

MG BRI A BR S w5 FRR , R
R T B B AR 25 380 A R | 5 R % £ BV818,
BB IR AR A BR S |) 5 A SRR I B T IR,
BT AR R AR AE  RREAE T, K
SREER I, R P AR RS | 300 A %
B P SR IO B S A O E R, R N A
if,

JIT A #8445 : Cary 60 UV — Vis %48 41 ] I, 43
NG, 2 HE S 2 75 LC — 20A U 25 4% i M 3
1, BHA B HA
1.3 FA4EHBERE

FEWGASAS TR B ) (& I & I I ) 43 0l %) s 8
R HAT S M2 B (A SRR KE TR
RKAZE T RAKEOE ) BB, 38 17 ¥R 5 2
X VPG B B € RN AL AT S B RE

(1) & T Fi S < K s 5 R A8 46 DR k47 49 32k
BRAERERE 5 B3 51 B T 6 A AHIRI R SLOK BEGE
ot 1 ~5 5 W G 43 A8 0 o AT VR R R
TR RKBROET RROED 5 AR, HikE
25 IR CKORNIRIAEfT Z i) o 75 6 K
TR E b 23 3 s 60 mg/ L — S AL AR 20 mg/L 2R K
if§ F11 200 mg/ L B % 1R 1R, -5 T A [ 0 2R 8% o i
TR, REES ARG, 70 ARG I 5 A Ab G FF R 6T
HE 20 1) A BEAK 1 T L CIELAB 21,2 %5 Ak £ 17
8 T O i IEAT B8 T AAR AR 1 AL R B S 8
(R 43 BT, 4 9% 2 T T 90 0 S [ 1) 22 Ty 2 90 Joie 3t s
TR 21 %5 05 0 €0 B AE R0 AR (U S R B

(2) KRG U R FH 5528 B8 (1) AH [R) ) 45 25 J5
BRI 5 1 AT R A W s . 7RIS R RS RS



5% 4 1)

FiadE 55 SMEZ BN AT T 207 2 0 0 A AE G R B 5 401

N ST 1) il B A 48 AR (IR B2 2 10.20% vol ik
JrOBE T A vk FE Ry 2,60 o/ L EIR W) BT A vk R R
40.65 g/L) o HH 5 034 4 5 A8 I E A AR R
e WETFR. KRR T RAEARD S5 e
R, ES AN BA CKORNR T Z By ) .
FERA R 25 AR G AR AE A6 T Ak 312 5 % BE 20 7y B
A AL PE BT CIELAB 25 (5 2 550 46 €6 47 Fh 28 S &
L, AT AT AL B O AR B S E0 o BT
PRIE K T 5 U A [) 1) 22 13 288 ) Joi %of i 15 Bk T 404
255 TG P14 R AE AR (04 % S S )
1.4 EABEUMER

WAE pH A H pH THIE o WFE SRR (LA A1 IR
) FERR (DIBS IR 1) 38 J5iE (LA 29 0531 ) Ll
2080, B MR oa TR B DN E S IR
BRL19 -20]  ir A EEA 3 K,
1.5 CIELABBas#5HaRL

KL T CIELAB (8255 [B] (1) 21 4 25 18 20 € 15 08
FAE o A1 mm L@, 78 584011 L4366
FETH T 450,520,570 630 nm Zb (4 WG B, B
WAEESR 3, RV L %P EHEHE
WP OEE b O C U @A b, IE AT
AL
1.6 ZEFANSEENH

e FH 5 5 ORA (23 A AE 520 nm Kb EAT ARSI, X
Bl = o R A = S ARSI+ o o T = 11 R = 2

0.22 pwm K R IEMSIE . @35 5514 . LC Column {4
A (250 mm x 4.6 mm,5 wm) , AE R 35°C, R A
FL20 wL, i # 1.0 mL/min, DIJK (20§ HRIE S
Py CRRALE 32: 42 1) AE it sh AR A, K (2 IR IR
BB 16:20: 1) VE N SAR B, A8 REVELAR Y «
0 ~15 min,0 ~10% B;15 ~30 min,10% ~20% B;30 ~
45 min,20% ~35% B;45 ~46 min,35% ~100% B;
50 ~51 min, 100% ~0 B, = &K AH € 3% 25 21 53 i
WA D B I 1] 5 5 R W W iple G, 1 5 4% e AR SR 11 4E
@RS, LI B 4B AR 3K -3-0-40 45 W17 0 A 1
IR H G A6 T S AT Y BT
HI 3 K,
1.7 BESW

ZER VI IME + brifE 22 9B XK oR , R IBM
SPSS Statistics 22 #4754 48 1140 M7, {# F§ ANOVA
T EDW K I 2 % B & P, Microsoft Excel 2016
Origin 2021 #&4| K 3%,

2 HRESN
2.1 REEAMEBMMARERTOLARESNES
L BEH M

S BE T VS 0 22 ) 10 45 Ak BH 4 5 o) IR 4 Y R ) ik
AR IR 1 FroR. KRR iF B SO, ik i
iR MM S R DL RO R L pH A S
GB/T 15037—2006 X - 21 #ij %5 14 19 JiT 1 225K

F1 REBEAEBEFAOERELER

Tab.1 Basic physical and chemical indexes of wine samples before fermentation

28 CK TR A B 23 Jir iR Ak 7 BETRAH RAGEIT AR RROETLH
pH {H (3.36 £0.01)"  (3.55£0.01)" (3.54+0.01)" (3.54£0.01)" (3.43£0.01)° (3.49+0.01)"
MRRRWE/ (¢ L) (6.37+0.03)° (5.31+0.04)° (5.97+0.05)" (6.80+0.07)" (6.530.04)" (6.09=0.09)"
R EWE/ (g L") (0.120.01)¢ (0.21 £0.01)"  (0.26 £0.01)*  (0.20 £0.01)"  (0.18 £0.01)>  (0.25 £0.02)*®
W BY SO, R/ (mg-L™") (30.21 £0.01)° (37.37 £0.88)" (38.49 +0.70)*" (39.73 £2.81)" (42.46 +0.35)" (42.84 £0.53)"
W R E/ (g L") (2.07£0.04)" (2.12+0.01)*  (1.80%0.01)° (3.120.01)*  (2.41£0.06)°  (2.66 =0.04)"
RS BE /% vol (10.15 0. 16)" (10.00 £0.04)° (10.29 £0.04)" (10.53 £0.04)* (9.97 £0.01)¢  (10.30 £0.05)"
MY R/ (g L") (40.65 +0.35)¢ (38.15£0.49)° (40.95+0.49)° (39.35+0.35)¢ (42.20+0.14)" (43.65+0.78)"

[ — AT R Al 2 4 0K 22 51 3% (P <0.05) , R,
2.1.1 CIELAB Bia S
TE 2% T i R A7 22 3 A BRP E Y CIELAB B 5 %
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Tab.2 Color parameters of wine samples before fermentation

2 R A B

B TR AL B

EN/ e s

KREFR AL

58 CK KA b #

L* (79.20 £0.10) " (68.74 +0.08)°
a* (23.30 £0.04) " (32.20£0.02)°
b (14.72 +0.08) ¢ (10.67 £0.06) "
Ca (27.55+0.01)" (33.92 £0.04)

hoy/ ()

(32.28 £0.19)"

(18.34 £0.08) '

(71.29 £0.37)"
(29.43 +0.03) "
(12.59 +0.04)°
(32.01 £0.04)°
(23.17 £0.04) ¢

(65.43 £0.16) "
(36.59 +0.14)"
(17.19 £0.03) "
(40.43 £0.12)°
(25.17 £0.13)°

(29.36 £0.18) '
(54.3120.11)"
(27.77 £0.09)*
(61.00 +0.14)*
(27.08 £0.03)"

(42.20 £0.41)°
(54.35£0.22)"
(21.32 £0.02)"
(58.39 £0.21)"
(21.42 £0.06)°
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Fig. 1

Color distribution and lightness distribution

of wine samples before fermentation
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Fig.2 Characteristic color of wine samples before
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Tab.3 Concentration of anthocyanins in wine samples before fermentation mg/L
25 CK AT b 2R o )5 R Ak #E WA F A RIR(OZ T b3 KR Z T b2
Dp3g (0.47 £0.35)" (0.24 +0.01)" (0.34 +0.21)"° (0.24 +0.01)" (2.57+0.31)"° (0.24 £0.01)"
Cy3g (0.18 £0.01)" (0.31 £0.01)" (0.18 £0.01)" (0.18 £0.01)" (0.18 £0.01)" (0.19 £0.02)"
P3g (0.96 £1.07)¢ (4.28 £0.04)" (1.34 £0.05)° (2.56 £0.01)° (2.85+0.23)° (5.54£0.26)"
Pn3g (1.31£0.01)¢ (2.23£0.11)" (1.17 £0.04) ¢ (1.96 £0.06)° (1.77 £0.02)° (2.91 £0.18)"
Mv3g (54.99 +1.12)¢ (83.42 +2.47)" (48.45 +0.76)° (67.21 £0.07)° (58.04 +0.63) " (91.15 +2.85)"
Pn3ag (2.95£0.09)¢ (4.44 £0.19)" (2.64 £0.01)° (3.68 £0.06)° (3.69 £0.05) (4.90 £0.16)*°
Mv3ag (37.80 +0.82)* (53.80 +1.56)" (32.38 +0.58)° (43.70 £0.58)° (42.71 £0.57)°¢ (60.17 +1.54)"
Pn3cg (0.76 £0.04)° (0.98 £0.06)" (0.72 £0.05)° (0.99 £0.01)" (0.94 £0.03)" (1.27 £0.06)
Mv3cg (5.43 £0.35)¢ (8.39 £0.54)" (5.49 £0.39)¢ (6.94£0.20)° (6.53 +0.19) (10.94 £0.55)"°
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Tab.4 Basic physical and chemical indexes of wine samples after fermentation

S CK AT A B 2 JE R AL B WETFRLAHE RHA/GERIAE RAGEID LS
pH i (3.84+0.01)" (3.76 £0.01)° (3.83£0.01)" (3.73£0.01)¢ (3.8420.01)" (3.9720.01)"
MR IR/ (g- L") (4.52£0.06)° (4.85+0.05)% (5.72+0.04)" (5.27 £0.02)" (4.99+0.07)° (4.79+0.05)"
R/ (g L") (0.49+0.01)% (0.52+0.01)° (0.40+0.01)" (0.48+0.01)° (0.62+0.01)* (0.55+0.01)"
Wres SO, Bk E/(mg-L™")  (3.46+0.35)° (5.56+0.17)" (2.96+0.35)¢ (7.16£0.35)" (2.10+0.17)"  (6.050.52)"

2.2.1 CIELAB Fifa &%

TE & I E 47 22 T Ak B BE B CIELAB B €5
SHWMES PR, EEBERNZHOERE, 5
CK MW, HE L™ ¥ TR, fsdE2RBE, &5
TEA AR L™ A, g 51,93, % i v 4 %5 9 060, %
R E., BT MR IA N o AL, I
REH o Ftim , FHEREE, THELERR
MRKERT KRRORT BETFRA AN TH4
I FARCER N NS I N PPN A S B 5 (O

b ARG, I 5.58 ~12.75, RARE@HET |
KA E T & E TRk ), E3m
8.86.5.21.2. 1,47 F T $ =5 1 B (9 250 €0 160 R RE
KREOE T A B TR WO A, 5 CK
MW E 25 fE 14.98° ~16.46° 2 i), H Ay
Wb BRE R, 3 UL A SR N £ By A R T A
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5 T 22 W W 5T ¥ 2 {00 A A 6 i R, R AR
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Tab.5 Color parameters of wine samples after fermentation

ZH CK TR Ak B 23 Ji i Ak $ BE TR Kok@FE T A KRR T b
L* (74.67 £0.23)*  (51.93+0.36)"  (62.47£0.12)"  (68.19=0.12)"  (60.97£0.14)°  (66.53 +0.04)°
a’ (20.83 £0.06)"  (17.72£0.11)° (7.00£0.11)° (22.71 £0.05)°  (27.63 £0.41)*  (25.68 £0.08)"
b (5.58+0.60)° (8.43£0.03)" (7.45 £0.33)° (6.68 £0.05)" (12.75 £0.15)* (7.59 £0.01)°
c (21.57 £0.10)"  (19.62+0.11)°  (10.22 +0.31)"  (23.67+0.03)°  (30.43+0.31)*  (26.78 +0.08)"

ho/(°) (14.98 £1.58)° (25.45 £0.05)"

(46.74 £0.79)"

(16.39£0.15)°  (24.78 £0.57)"  (16.46 £0.03)°

2.2.2 Fianl Ak

TE K W WEAT 22 B A TR A 1 % BE 0 A P
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AbERAH o PR R 3b nl L b B 41 AR B R R AR, T
T 2 W ) I 4 i 4 4 G B0 € I R, B A B A

TE K W e 54T 22 5 Ah P R (1% 76 260 T4 4R iF 236
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F B 7R A8 o 21 €0 (8, 25 10 A% 216 4B I
WG IR A A M R BRI, RARER ]
AbFRZE 21 € (O B R R B ERCR AT
2.2.3 fEHHANRYS SR

TE K T Je HEAT 22 193 Ak TP B B4 SRR A8 Gty 7 i
W% 6 PR o it i B5ORE €8 33 vk XA S 1 A T
et 28 5 S R AT A, ARSI 9 AR G B i, L
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Fig.3 Color distribution and lightness distribution

of wine samples after fermentation
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Fig.4 Characteristic color of wine samples after fermentation
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Tab.6 Anthocyanins content of wine samples after fermentation mg/L
2551 CK A AL B 2 IR AL B B TR KR E T A RO ET b3
Dp3g (2.71 £0.10)* (2.11 £0.16)" (0.34 £0.01)" (0.24 £0.08)° (2.91+0.15)° (0.24 +0.00) "
Cy3g (0.41 £0.13)*° (0.36 £0.05)° (0.22 £0.01)*° (0.20 £0.15)*° (0.30 £0.01)* (0.24 £0.08)*
Pi3g (1.96 £0.05)" (1.53 £0.08)°¢ (0.28 £0.03)¢ (0.25£0.07)1 (2.48 £0.03)*® (0.18 £0.03)¢
Pn3g (1.60 £0.16)" (1.28 £0.18)" (0.27 £0.04) " (0.28 £0.06)° (2.21£0.01)* (0.39 £0.09)
Mv3g (18.15 £0.48)" (14.79 £0.62)" (14.68 £0.45)" (14.07 £0.11)" (19.94 £0.14)° (13.91 £0.57)"
Pn3ag (0.88 £0.10) " (0.64 £0.09) (0.46 £0.09)" (0.23 £0.03)° (0.84 +0.05)" (0.21 £0.04)°
Mv3ag (5.93£0.04)" (4.57 £0.04)" (0.55+0.09) ¢ (0.18 £0.03)¢ (5.88+0.17)" (0.18 £0.03) "
Pn3cg (0.25 £0.08)" (0.56 £0.09)* (0.30 £0.36)" (0.23 £0.04)" (0.33+0.17)° (0.26 +0.06)°
Mv3cg (1.31£0.02)" (0.68 £0.02)" (0.46 £0.06) " (0.38 £0.02)° (1.46 £0.08) " (0.30 £0.04)°
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