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Physicochemical Characterization, Antioxidant Activity and Aroma
Analysis of Goat's Milk Wine Fermented with Mixed Lactic Acid
Bacteria and Yeasts

JI Xiang, WU Caiyun, LEI Hongjie"

(College of Food Science and Engineering, Northwest A & F University, Yangling 712100, China)

Abstract: In this study, goat's milk was fermented by Saccharomyces cerevisiae mixed with six strains of Lactobacillus,
respectively, to produce goat's milk wine, and goat’s milk fermented with Saccharomyces cerevisiae was used as the
control. Changes in the physicochemical properties, antioxidant activity and volatile compounds of goat's milk during
fermentation process were studied. The results showed that the addition of lactic acid bacteria accelerated the decrease in
total sugar content of goat's milk wine at the early stage of fermentation compared to the control, and the total sugar content
of goat's milk wine fermented with Lactobacillus fermentum decreased significantly from 469.46 g/L to 210.41 g/L after 1 d
of fermentation. The addition of lactic acid bacteria resulted in a significant increase in the scavenging capacity of ABTS"
radical and hydroxyl radical in fermented goat's milk wine (P<0.05), especially for Lactobacillus acidophilus, increasing
ABTS" radical scavenging capacity and hydroxyl radical scavenging capacity by 9.94% and 37.75%, respectively,
compared to the control. In addition, the content of volatile compounds in goat's milk wine fermented with Lactobacillus

acidophilus was the highest (2688.30 mg/L). The mixed fermentation of lactic acid bacteria and yeast reduced the content of
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alcohols and acids, reduced the odor of goat's milk wine, and generated new volatile substances such as cyclopentanone,

ethyl lactate and ethyl hexanoate, endowing goat's milk wine new aroma characteristics. The mixed fermentation of

Lactobacillus acidophilus and Saccharomyces cerevisiae not only innovated the brewing process of goat's milk wine, but

also provided a theoretical basis for the deodorization of goat's milk wine.
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Fig.1 Changes in pH (a) and titratable acid content (b) of goat's
milk wine fermented by single and mixed strains
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Fig.2 Changes in soluble solids content of goat's milk wine
fermented by single and mixed strains

BRIOTEAFE ST A AR, R IE 3 AT L
B, IR A TR LR 0 B S B AR R
IR Ra A, 18 B IR B R AN g5 2 B 0 2R K I SR T AR
5y o Hodh, Le37 & EEEWH & BREs RS 1 S o
HAG, S 168.94 g/L, R EEE R T 64.01%; Lp90 &

)it

© P

+Lb57

FC9+La85 FC
3 BRSBTS B & B Al
Fig.3 Changes in total sugar content of goat's milk wine fermented by single and mixed strains
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Fig.4 Changes in alcohol content of goat's milk wine fermented by single and mixed strains
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Table 1 Changes in color attributes of goat's milk wine fermented by single and mixed strains

R TEERT ] (d) 21531 L a b AE
0 X HEZH 2.39+0.14™ 0.00:£0.14 2.70+0.18™ -
PO ikt 61.45+0.13" 2.104+0.022 14.48+0.05" 60.26+0.34"
FC9+Lc37 94.63+0.03% —0.06+0.10"° 5.75£0.11% 92.29+0.174
FC9+Lp90 97.70+0.05"¢ —0.85+0.01<" 4.1240.02%¢ 95.32+0.14%
1 FC9+Ba68 98.60:+£0.02¢ —0.82+0.24"" 3.92+0.02% 96.23+0.14"
FC9+La85 97.75+0.10% —0.39+0.05 3.93+0.03% 95.37+0.24"
FC9+Lb57 99.37+0.03*° —0.48+0.02% 2.31£0.02<¢ 96.99+0.17
FC9+Lf39 99.58+0.14 —0.26£0.17%¢ 1.43+0.10¢ 97.20+£0.23
PapiE) 85.62+0.08"" —-0.21+0.05% 10.04+0.01%* 83.55+0.13
FC9+Lc37 90.73+0.01%¢ 0.45+0.12¢ 8.82+0.31™ 88.56+0.17"
FC9+Lp90 99.02+0.014 —0.50£0.07"¢ 2.53+0.36% 96.64+0.14"°
2 FC9+Ba68 99.10+0.01%¢ —0.27+0.08"" 1.86:£0.19% 96.72+0.13%
FC9+La85 99.61+0.0445 —0.65+0.07% 2.53+0.06% 97.23£0.14*
FC9+Lb57 99.01=0.08™ —0.54£0.114% 2.72+0.03% 96.62+0.21%°
FC9+Lf39 99.47+0.08° —0.30£0.11*° 1.56+0.03 97.09+0.14%
X HEZH 86.52+0.04" —0.47+0.17" 8.70+0.02"° 84.35+0.14%
FC9+Lc37 74.18+0.01°¢ 1.87+0.03% 12.74+0.04< 72.52+0.19
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3 FC9+Ba68 99.47+0.014° —0.55£0.01% 2.30+0.27°" 97.08+0.144®
FC9+La85 99.70+0.034B* —0.66+0.09" 2.55+0.04% 97.31£0.28*
FC9+Lb57 99.01+0.04™ —0.48+0.01*° 2.4040.02¢ 96.63+0.16"
FC9+Lf39 99.38+0.16" —0.70£0.06"* 2,960,025 96.99+0.3248°




545 % 5 23 1) Lo A, 5 FLIRE SRR EIR G AT USRS | TS A T - 145 -

k1
T IE] (d) 2591 L a b’ AE

X B 91.26+0.06™ —0.82+0.04™ 7.89+0.02% 89.03+0.14
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FCY+Lf39 99.02+0.25% —0.64%0.02"5 2.85+0.054% 96.64+0.41°
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FC9+Lp90 98.78+0.05" —0.88+0.02¢ 4.03£0.22%¢ 96.40+0.28%¢

5 FC9+Ba68 99.18+0.14% —0.7240.01" 3.16+0.17% 96.80+0.15°
FC9+La85 99.76+0.21% —0.78+0.01" 2.90+0.015 97.38+0.33%

FC9+Lb57 98.45+0.14% —0.63+0.23" 3.45+0.124 96.07+0.32%

FC9+Lf39 99.13+0.14" —0.68+0.01%° 3.09+0.044" 96.75+0.27°
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Fig.5 Changes in ABTS" radical scavenging activities of goat's milk wine fermented by single and mixed strains
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Tz H IR RREE S A9 e 45 RA—2K, X REREAN
[RIT A AI L  r=
23 B—iIREEMAEFIEEAMERTHTKR

B ST T PR K — SR TP 1) HE BRI
PR B -5 LR P L IR & AN P T DA i R T R,
I AA 2SR, T e A T E A XY
JEPOS ARG AR B — TR A PR A e~ 57 v e
BooE 54 B R PEACG Y, ingk 2 PR, o A
G 16 B BRI G W 5 Fh . WSS W)
12 BERILG) 6 Bl BERALGW 15 Fi. Bk
PR W BT e e 1Y SN B — B R R R SR W,
2935.93 mg/L; F Ik A L399 & B E W, N
1341.75 mg/L.

P55 ) Jo S el A4 4 3 ae B B P AR e A 1 B,
TE W 45 & A v o B R, 2920 80%. R
— B BR &R WY Y BE S Y S R R, 3R
2426.76 mg/L; Lp90 A& B =Wl iy B2 Jot & 1 B
%, 24 1616.00 mg/L., i, Z s S8, 2-H k-
1-THEERN p-28 2 IEAE 2A— TR -G Bl MR A i = 09 v
PR, Hrh R G . LW
=, W T 2E 5P R . SN, 2-FF 31T
I B2 2, BN Ay 2E 5P SR A i e 1 5 B8
PR AR R Y R £, B
10 Ff, Ua B VS LR TR & 19 25 0/ 2 05y v B2 )
JRAFRSERI S . (PR B I A S g o
A CHT RIS B, U0 Lb57 R IEEE P s E T
(S)-IE P, Sy > T B IR 139 & I =E 5 v
HeE T 2-F -2 448 T, MR H— R IR R
Lp90 K IE=FYRR S T 3-F 33250, LI
SEYRE R AR URE T A R

ER — B S W 2R el R R — AR 2
R, B EES Y R T EENR IR, RRE ST
FENG TR & B A G, UNCUIR | SERRANZS IR0, 7E
RIS, P FNR SRR R REE P T 2
JRf b, e ) L-FLEE . 1R . O L. IEBERR . R H
2 5 FITRTEYIT . BA— BRRR R IS TP PR S 5T 1)

BN 65.51 mg/L, AN HHEEMEYITR S 2= 2%
it o IRE MR - W30S B RR IS Y R & e B 3
(R T B — AR R B3 (P<0.05), Hip Ll Ba68 &
B SE 5 1 2 Fe BAIR, X 3.81 mg/L. UEHAE R %
R, FLER B B I A BRI /D 2R 0 R R b &
Wy, FEMAE—E B FIHBR TR O NER, S0
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AV 5 1) T 2 4 o BB A AR SR 21 <
BRES BRI A PR & B ST P e Y Y TR
A G YA 12 B, (PSR E HAN S . La8S KIS
WP Lb57 =050 A AU BRI B & E i e, 47
S 112.01 mg/L F1 121.92 mg/L, L£39 & BE2E45H
F T A B EREY B e/, A 4.97 mg/L. BR—BE R
K TR SE VPG (A TR S 4 BT & 5o~ 18.86 mg/L. Lb57
KRR T LS 7 RS A, Hodp, BN
Fi . BRGHER . B 2,5- — F BE-4- 35 L3 (2H) - R
il (5 B R ) N 2',5'- IR SRy LbS7 &P E 05
T PITARFAT, R DS ] Sk AR Re R TR, B3GR AR
O A D3 = 59 e 7, 9 8 e D) LA A 2= i
B L PAT AR . HAREYNHAN Z G 3 PR
MR, PAPH Lb57 BUNNART LI 25 e A i A
e A B RIS S R RS A, R
SFPRTEE IR, JZREFE . La8s KIFEEUwirh i
B TR A YR 2-F 3E-3-F2 - NI R ] (52 25
W) | 2,3-&-3,5 R I -6-F I -4H- Ntk MR -4-FF 1
3, 4- " HIROR Z 0 CT 2R, Forh 22 270 A0 2,3- & (-
3,5 ¥R IE-6-H L -4H-NL IR -4-TR S S 5w, sk
64.15 mg/L F1 38.70 mg/L, ‘&I THE g 05705 $2 L AR
AEBERIEEBE I B SR, DL N S 2 1 M = R 75
KR RS 3,4- IR ZEHN La85 K IEF
W TR, e AR A T FH &< Ui
La85 MINART LM E 5P E K gt b = A T 21
iR o, o HELAA T R AR A 2 AR o

Fii 245 [0 578 9 A6 SR A R EBAT B STk P,
P FVR A RAR A B v L 52 15 Rihilgk
YR, PR—REREEEEY A 7 PRSI A,
e A 402.97 me/L. L39 K5 v g %
teERhditz, ik 11 B, (HHESEY) R B &
%, M 268.75 mg/L. Lc37 KB R il &
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Table 2 Changes in volatile compounds of goat's milk wine fermented by single and mixed strains (mg/L)
hc RS D) MIRZH FC9+Lc37  FC9+Lp90 FC9+Ba68  FC9+La85 FC9+Lb57  FCY+Lf39
AL S
1 (S)-I4 N ND ND ND ND ND 65.58 ND
2 L 1411.39 1654.60 1104.78 1580.00 1325.82 1160.65 1277.93
3 3-1mE ND ND ND ND 52.95 35.08 ND
4 ST 95.28 ND ND ND ND ND ND
5 AR 8.93 2.89 9.95 ND ND 24.40 5.30
6 ST 612.40 299.17 340.21 374.06 425.65 305.03 321.77
7 2-FRE-1- T 188.58 84.65 94.10 100.89 115.07 88.46 99.08
8 2-FIE-2 4- 7% e ND ND ND ND ND ND 1.99
9 2,3-T 7.94 ND ND ND ND ND ND
10 (2R,3R)-(-)-2,3-T i ND ND 5.43 1.90 ND ND 2.98
11 2P 2.98 ND ND ND ND ND ND
12 e ND ND ND ND 5.09 240.97 ND
13 2,2- " HIBETRE 11.91 12.51 ND 12.37 ND ND ND
14 3-FHE-3 -2l ND ND 271 ND ND ND ND
15 PR T 59.55 26.94 36.19 34.26 53.97 73.21 10.60
16 1- -3 27.79 27.90 22.62 ND 34.62 ND 8.28
Rt 2426.76 2108.65 1616.00 2103.49 2013.17 1993.38 1727.94
BEAEY)
17 L-7Lm 41.69 ND ND ND ND ND ND
18 vy 20.84 14.43 24.43 ND 25.82 28.83 28.83
19 &7y ND 481 3.62 ND 5.09 ND 3.31
20 IEBER 2.98 ND ND ND ND ND ND
21 HIR ND ND 8.14 3.81 3.60 ND ND
Bt 65.51 19.24 36.19 3.81 34.52 28.83 32.14
FRAk &9
22 3-FH 3E-2- B 1.99 1.92 1.81 1.90 ND ND 1.66
23 BN ND ND ND ND ND 8.08 ND
24 PRI ND ND ND ND ND 8.24 ND
25 2- i ND 2.89 1.81 3.80 ND ND 232
26 SN ND ND ND ND ND 2.44 ND
27 4-5 T -2 T 11.91 ND ND ND ND ND ND
28 E A 4.96 481 4.52 3.81 ND ND 0.99
29 2,5- 54 Y2 5L-3 (2H) -1k IR T ND ND ND ND ND 3.42 ND
30 2- I KE-3- 38 F - MLk g ] ND ND ND ND 64.15 35.99 ND
31 2,3- 43,5 - 6- FF B4 H- L -4 ND ND ND ND 38.70 42.40 ND
32 3.4- R ND ND ND ND 9.16 ND ND
33 2',5'- R LA ND ND ND ND ND 21.35 ND
Bt 18.86 9.62 8.14 9.51 112.01 121.92 497
B G
34 IR TR 197.52 238.57 189.11 167.52 235.23 172.34 127.58
35 LRI g ND ND ND ND ND ND 133
36 L5 TR ND ND ND ND ND 22.88 12.92
37 IR T TR ND 10.58 5.43 5.71 ND ND ND
38 FLR2 5 T TR ND ND ND ND ND ND 1.33
39 TR 11.91 8.66 5.43 5.71 6.11 ND 5.63
40 ML ND ND ND ND ND ND 0.99
41 LRSI 137.96 149.11 74.20 79.00 165.98 97.61 73.90
42 2-HE T H TR 18.86 21.16 9.95 10.47 20.37 15.25 9.94
43 7- T ND ND ND ND 10.18 ND ND
44 ORI ND ND ND ND ND ND 29.49
45 3- 1Kl P 7 Y ND ND ND ND ND 56.43 ND
46 ER LR 31.76 67.34 32.57 26.65 35.64 ND 497
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5 RS M4l FC9+Lc37  FC9+Lp90  FC9+Ba68  FC9+La85  FC9+Lb57  FC9+Lf39
47 LIRH LT 1.99 1.92 ND 1.90 5.09 21.35 0.66
48 R LR 2.98 11.54 4.52 ND ND ND ND
Mt 402.97 508.88 321.21 296.96 478.60 385.87 268.75
ERAEY)
49 S ND ND ND 0.95 ND ND 3.65
50 e ND ND ND ND ND 7.78 ND
51 2 ND ND ND ND ND ND 431
52 3,5- " HI AR I 19.85 20.20 13.57 ND ND ND ND
53 (i) A PP g 1.99 ND 3.62 ND ND ND ND
54 S o ND ND ND ND ND 6.95 ND
Bt 21.84 20.20 17.19 0.95 0.00 14.73 7.95
Jit 2935.93 2666.60 1998.74 2414.72 2688.30 2544.73 1341.75
T G5 =AM R AT HE; ARUE 2R/ N T EE R 10%; “ND”FRRAf
Y& e, i 508.88 mg/L. ZIRZME. ZMR5IX —_—
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in goat’s milk wine fermented by single and mixed strains
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