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Changes in yeast count (a—c) and sugar content (d-f) after different fermentation treatments
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Fig.2 Changes in the number of lactic acid bacteria (a—c) and malic acid content (d-f)

under different fermentation treatments
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HAE 4.66~5.25 o/L(LL A FRIT) Z 8], ¥ kTR &
BN 0.32~0.55 o/L (LA LR ) , 3975 4 45 25
FE K bn 1 (GB/T 15037-2006( % %514 ) ) o FLFR # )
200 i T X 4 T T 3 1140 5% W A A7 E 25 B R Y+
B3/2d . Y+B3/4 d 4b, FH A e 4 BBk A R 2H Y SRR
T g S A T 0 R B Wk [ s 92 Rl R 2 2 LR G Ab
B e Ah S LR TR S I BE TR 0 4 B ) BOR
LG RE Y TR % B A 5 T ALY b3 (4.48 o/ L) T
&, EAR Y+B2.Y+B3/2 d Al Y+B3/4 d BRA FF

B0 ARJC 3 2 R R WITR R AR & b i B4
N LT DA o 228 2 G T T R T R L AN [RD 1 LR
BRI AT A XoF ) 28 T T 1) R et RO A TR) A 4%
TR KB4 P, Y+B1 B1+Y/2 d.Y+B3/2 d.B3+Y/
2 d 5 B3+Y/4 d R EH &S T Y, Bkt
[ FF7E 25 22 55 ML AR R R 50T
AT Y, X R ER B GZC3(B3) 5 2 HRiEY
AP AL, TR AR S LR, XS
Valdés P Lucio PR FE 45 58— 3K,

x2 AEALEBEHEHEUIER

Table 2 Physiochemical parameters of wines using different inoculation approaches

AR T pH 14 /gL BRBR/g- L
Y 3.84 £ 0.01%* 4.48 = 0.00" 0.46 + 0.06!
Y+B1 3.83 £0.01°* 4.54 +£0.03* 0.49 +0.031
Y+B1/2 d 3.81 £0.01™ 4.75 £0.02% 0.48 +0.01#"
Y+B1/4 d 3.80 = 0.01%" 4.61 £0.02* 0.41 £0.01*
B1+Y/2 d 3.77 £ 0.00* 4.93 +0.02 0.32 +0.02°
B1+Y/4 d 3.76 £ 0.02%% 5.15 £0.03* 0.46 £ 0.05"
Y+B2 3.83 £0.03# 4.66 = 0.08" 0.41 £0.03%
Y+B2/2 d 3.82 +0.03 4.74 £ 0.04" 0.53 £0.03%
Y+B2/4 d 3.80 £ 0.02" 4.66 £ 0.02* 0.39 +0.03¢
B2+Y/2 d 3.77 £ 0.00" 4.82 +0.05 0.54 £ 0.02*
B2+Y/4 d 3.75 £ 0.01%# 4.89 = 0.05* 0.44 £ 0.02°
Y+B3 3.83 £0.00° 4.58 £0.01* 0.55 +0.02"
Y+B3/2 d 3.81 £0.01" 4.80 +0.01* 0.36 + 0.02¢
Y+B3/4 d 3.81 £ 0.01" 4.64 +0.02" 0.50 + 0.02*
B3+Y/2 d 3.74 £0.01* 4.97 £0.01¢ 0.24 £ 0.01°
B3+Y/4 d 3.72 £ 0.00°%" 5.25 £ 0.06' 0.44 £ 0.01*

T R F 5 R 2 5

% (P<0.05),

2.2.2 RS EIEO L0 25 IR
TR XUR Y B AR b, AR A 4 0 A AT R B 2
— o A FEAS [ Ak 3L ] 0 S 0 R A €5 AR A
225 (K 3), A Ak 3% S 5 46 £ JoT vk B
PR TR W (2 276 mg/L 5 885 mg/L.),
S AR R Y4+B3/2 d ARFE (2 001.27 mg/
L), SREfRAE Bl+Y/4 d4bH (1 717.10 my
L), 5 Y 4T (1 901.88 mg/L) Ml ke , K3 4 ik B
BB KT R, AT AR R R WA B v LR 1 1
BTN IIR | £ S5 IR B R IR & b, 5
R ZBmEY RN, GRERG6EER
SR G F AT A 00 AN T) TR R A A () K TR A 2R 1Y)

B ERBAEES, 16-205 GZC3 25K
PR R AL I S /K38 Y B3 T R T V22 A G
(AR TR & T2 () B K F- 5 Y 25 58/

A6 5T 5 14 4 T G A% 2 € EL A AR 5 1 4 G
P AN [ A B ) (AR B B A R A H 22 5 R
BE (K 3), Hh Y+B3/2 d 4bFEAE {0 H & B i
=, 4 690.10 mg/L, & fE AR AT JE B3+Y/2 d b3
(560.65 mg/L), T £ K 2 Hokb B 46 (44 & i 5
Y Kb 3 (656.98 mg/L) AT . A6 A 5 5 ek 2D 1 J
PRI RE & AR M1 18] 2 B 5 40 6 R A B A R,
X AL €0 7 A W B N AR 2 R B2 S R TR
TCE LT AR 7 2B Al o S A G 0 5 5 i 4
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TE AR Y K S 5 B8 3R 75 A [ A 3 4 1 46 (48 AT 1 35 25 53 (P<0.05) 5 AN A 19 /N5 743 3 3% S [R) A 3P A5 109 55 My R AT Ik 25 14
255 (P<0.05)
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Fig.3 Total phenols and total anthocyanins content of wines samples with different treatments
RN, 5 ,B1+Y/4 d Kb 3B 5L B fe e R 22.4, B S

223 CIELab B8 280 #4510 () BT i 5 2045
0 1 € B A O R ST R A T 1 B €
BT AT AR A I ST B KO
e & B A A A Y CIELab Bt 2 500,
CIELab — 475 [A] A AR A 45 52 B (L) (41/40 B (6 5
B (a") NS/ B ESE(), Hd L7 5845
BRI AE DG a” b 1B 55 B0 68 1) 5 B e 1K S £
b L A DT

M2 3 Al SRR Y 528 L 22 o B

553 B3+Y/2 d Ab BRI 5L B I, B s Y &b
R 14.6, B IE T, o KFDTE 40.0 /24 H A%
VLRI 7E 22 5 0 3, U0 B T R G AR 73 £ 41 €5
dP R, b7 ARG, 7E 3.8~18.2 Z [H], b FHIH
R P /N, H2ER IR RE  WHAR
SEBURE KR C, B T (O R A rh R 1
JE s AR I 5 AN R b B E] 7, Z7E 30~51.2
Z A H R %225 R RE R 5 5, (O F
TORPE ARG, HeAh, R b B ) (3 by, S5

#3 FEAEE#E CIELAB 5

Table 3 CIELAB parameters of wines using different inoculation approaches

AR L a (0 ha AE,
Y 14.6 £ 0.7 42.6 £0.5° 6.3 +£0.3* 43.1 £0.6" 8.4+0.3" 0.0

Y+B1 16.5 8.1 42.8 +4.6™ 104 +£7.9 444 +£6.2" 12.8 £9.1° 10.4 4.3
Y+B1/2 d 18.8 £ 11.5¢ 439 £9.1* 10.7 £ 12.6 459 £ 12.1* 11.6 £ 11.8 13.1 £13.3
Y+B1/4 d 22.1 +4.6* 47.7 £4.2* 18.2 +5.8° 51.2£5.9® 20.6 £ 4.7 15.1 £8.2¢
B1+Y/2 d 12.8 £2.3 40.4 £ 1.9* 6.1 +3.7° 40.9 £2.3* 8.4 £4.8" 42+2.8
B1+Y/4 d 22.4 £ 5.8 47.0 +4.2° 16.8 £5.5° 50.0 £5.8° 19.3 £4.5° 14.0 £ 8.5°

Y+B2 19.5 £ 7.6 46.2 +4.9° 9.7+4.2" 472 £57* 11.5 +£3.6* 7.1 £9.8"
Y+B2/2 d 18.5 £ 6.1 45.1 +4.2° 8.6 +3.6 46.0 + 4.8 10.6 = 3.4 6.1 +7.3"
Y+B2/4 d 17.7 £ 7.0 43.7£3.2° 7.3 +3.6° 44.4 + 3.8 9.3 +3.8° 54+6.8
B2+Y/2 d 12.6 £ 1.9% 41.7 £ 1.0° 43 +2.0° 419+ 1.2° 5.8+2.5° 32+£2.5°
B2+Y/4 d 12.6 £2.9* 41.7 + 1.6 42 +3.0° 42.0 +2.0° 5.7+3.7 6.9 +7.4"

Y+B3 9.8 + 3,40 40.6 £ 1.7* 4.7 £2.4 409 £ 1.9* 6.4+3.1° 5.6 +4.1
Y+B3/2 d 8.2 £3.6" 39.7 £2.4° 3.8+34 39.9+£2.5° 54 +£4.8° 7.8 £4.6°
Y+B3/4 d 7.7 £ 4.4 39.1 £5.00 54 +£4.5° 39.6 £5.0° 7.9 +6.5° 9.1 +54°
B3+Y/2 d 4.0 £2.5% 28.3 £ 14.1° 8.0+6.9" 31.0 £ 10.1° 21.7£25.7 19.4 + 12.8°
B3+Y/4 d 4.2 £ 2.3 25.8 £ 17.1° 9.0 £8.2° 30.2 £ 10.5° 28.6 +35.9 10.2 £ 8.2

RPN R F R RR 22 57 3% (P<0.05),
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Fig.4 Feature color of wines with different treatments
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Table 4 Pearson correlation coefficients between total phenols and total anthocyanins and CIELAB parameters

BB o L* a* b c*, ha
BB 1.000 0.509%* -0.181 -0.064 -0.314* -0.122 -0.220
¥ib 63 1.000 0.110 0.058 0.000 0.067 0.013
L* 1.000 0.808%** 0.693** 0.915%* 0.126
a* 1.000 0.266* 0.965%** —0.442%*
b* 1.000 0.498%** 0.723%*
C*, 1.000 -0.198
ha 1.000

T ARFRTE P<0.05 KF 35 MG o AURTE P<0.01 K-F WA G

3 Hig
AR B T 8 TR AR A5 T T 4L ) LAY R TS
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Abstract Lactic acid bacteria can be inoculated at different stages of alcoholic fermentation during winemaking, but the
influence of inoculation timing of indigenous lactic acid bacteria on wine is not well defined. The aim of this study was
to investigate the influence of inoculation timing of Chinese indigenous lactic acid bacteria and commercial yeast on
physiochemical parameters and the color of synthetic red grape juice. Three selected lactic acid bacteria 6-20, GZC3 and
V22 were used to ferment the synthetic medium with Saccharomyces cerevisiae CECA. Two inoculation strategies were
applied in the fermentation, including simultaneous and sequential inoculation, with single fermentation as the control.
The sequential inoculation includes inoculating Saccharomyces cerevisiae 2 and 4 days prior to inoculating lactic acid
bacteria and vice versa. The fermentation process was monitored by regularly measuring residual sugar, malic acid, and
the colony numbers of both yeast and bacteria. After completion of fermentation, basic physiochemical parameters such as
total acidity, volatile acidity, and pH were measured. Following this, total polyphenols and anthocyanins were determined

by the Forlin phenol method and pH —differential method, respectively. Color parameters were then obtained through
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CIELab color space. Further, the correlation between color parameters and anthocyanin content was analyzed to evaluate
wine color characteristics. Finally, Adobe Photoshop CS6 software was used to intuitively simulate the color of each wine
sample. Results showed that there were significant differences in fermentation characteristics of simulated wine fermented
by different inoculation strategies and these were strain—dependent. All strain pairs successfully completed alcohol fermen-
tation (AF) in approximately 15 days. Malolactic fermentation (MLF) occurs simultaneously with or earlier than AF, de-
pending on the inoculation timing of lactic acid bacteria. Not surprisingly, MLF was completed together with AF, or
shortly after the depletion of residual sugar. Early inoculation of lactic acid bacteria was more conducive to MLF, whilst
inoculation of yeast prior to lactic acid bacteria was more beneficial to AF. Particularly for CECA/6-20 mixed fermenta-
tions, AF took 2-4 days less when inoculating CECA prior to the inoculation of 6-20 compared to the rest inoculation
strategies. Simultaneous inoculation of both S. cerevisiae and lactic acid bacteria had no significant effect on overall fer-
mentation duration. The basic physicochemical parameters of all wine samples met the relevant national wine standards. In
addition, the total phenol content and total anthocyanin level of most fermentation groups decreased significantly, and
there was a significant correlation between these two parameters, though their correlation to CIELab color parameters was
weak. With regard to wine colors, sequential inoculation resulted in darker colors compared to the simultaneous inocula-
tion group. Interestingly, wine color was also species—specific, in particular, samples inoculated with Oenococcus oeni
GZC3 were generally darker than that inoculated with Lactobacillus plantarum V22 and 6-20. To conclude, this study
clearly proved that our selected indigenous lactic acid bacteria strains were compatible with the commercial yeast CECA
regardless of inoculation timing, thereby reducing the overall fermentation duration. Co-fermentation of yeast and bacteria
would impact certain physiochemical parameters of wine. This study provides theoretical support and reference for efficient
local production of high—quality red wine as well as helps promote the wide application of indigenous wine in China.

Keywords Saccharomyces cerevisiae ; lactic acid bacteria; mixed fermentation; inoculation timing; physicochemical pa-

rameters



