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WAL Fe A M A S SR 0 AL M AT 220l AT BR 2 ] 5
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PR MR AT 3R R R R R | B 2R
2, ¥ HPLC 9%, B A U R A BR 2 vl 5 7
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mL/min, i 30 C, #EF & 20 pL, KW I K H
280 nm, BHEVEMFEF 0 ~ 10 min, 5% ~12%
B; 10~15 min,12% ~16%;15~30 min, 16 % ~
20%B; 30 ~ 40 min,20% ~30% B;40~50 min,
30% ~35% B; 50~ 60 min, 35% ~50%; 60~ 70
min,50 % ~95%.
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SR 34,6 p A fE G gL R 2 129 VDR E
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S U ] Y A e 22 IR T S AIL B R Gk R
Bkt Nist17 Fl Wiley275 4 o 5t it &1, 06 1 AL
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Data with different superscript letters were significantly different

(P<C0.05).The same as below.
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Fig.1 The change in viable cell counts and pH

value during fermentation of Goji juice
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Fig.2 Changes of fructose(A),glucose(B) and saccharose(C) content during fermentation of Goji juice
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Fig.3 Changes of the content of organic acid during fermentation of Goji juice
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AR AR ME T Mixed standard products; B: & R Before fermentation; C: & B i After fermentation.1~ 10 43 548 LA R L&
R ABRILFRR FER E TR YT PR 3-SR A5 M M) % . 1-10 represent protocatechuic acid, catechin, p-hydroxy-

benzoic acid, vanillic acid, p-coumaric acid, rutin, ferulic acid,3-hydroxycinnamic acid, myricetin and quercetin, respectively.
B4 HMIERTEAIBEABEHEYRNEHBILZE

Fig.4 Liquid chromatograms of phenolic substances before and after Goji juice fermentation

®1 MERETE2BEEFBHREYRSENTK
Table 1 Changes of volatile constituents during fermentation of Goji juice pg/100 mL

1 2 ) o K WEREE] /h Fermentation time

Phenolics 0 18 36 54
JLZEBR Protocatechuic acid — 38.9740.37a 38.7240.15a 40.55+1.87a
JL# % Catechin 82.57+0.79b 93.02+7.66a 98.05+8.55a 93.66+6.30a
XK H R p-Hydroxybenzoic acid 56.03+7.22¢ 67.08+4.35b 71.55+4.77ab 79.79+1.15a
FHFR Vanillic acid 57.80+0.25a 20.76+0.12¢ 20.80+0.12¢ 21.55+0.24b
Xt & E R p-Coumaric acid 16.80+0.38a 13.54+0.93b 13.51+0.50b 13.77+1.77b
T Rutin 485.06416.04a 471.94438.03a 470.42+43.84a 466.754-49.23a
PR Ferulic acid 96.40+1.42a 31.44=41.65bc 28.7941.78¢ 32.1840.41b
3-#2 AN EEMR 3-Hydroxycinnamic acid 27.30£0.06¢ 57.15+3.62b 71.57+5.82a 73.91£3.99a
¥ H§ % Myricetin 69.97+1.27c¢ 75.3940.20¢ 77.734+1.28b 78.58+0.68a

TE: =R ARl . TR, Note:*—”

means no detected. The same as below.
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I FP 2 & A OOAE . K TR TP TR A % T 5 R R I F AL
RV R R Y T A A R SR,
LTRCTBRIE I FE 2R A T L WM & B R Ak
N R TE 54 hJF HAHXT S I T 3.28 f5L 4T T
MIAC SR T I SR A ok . MAC IR T v (I 2 0 A i 3
PR AN B-25 %0 22, o R 2R ) BT R R Y 93,9304, 48
AR E LG B IEIL. EE LRSS
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Table 2 Changes of volatile constituents during fermentation of Goji juice

FXF 4/ % Relative content

e M5y

No. Volatile substances 0h 18 h 36 h 54 h
B2 Aldehydes
1 % Hexanal 2.570 0.228 — —
2 K H % Benzaldehyde 1.654 0.375 1.989 2.577
3 B-# A ERE B-Cyclocitral 3.992 6.611 5.106 4,831
E22 Alcohols
4 Z. 1% Ethanol — 2.121 1.750 1.681
5 1-C % 1-Hexanol — 3.513 3.417 1.945
6 1-9F4%-3 B% 1-Octen-3-ol 7.685 6.353 5.888 4.061
7 J5HEEE Linalool - 1.060 1.393 1.277
B5 % Esters
8 R TR Ethyl acetate 1.339 5.446 3.850 4.389
9 K B BE Methyl salicylate 20.402 14.203 15.073 12.108
10 + 512 H fig Methyl hexadecanoate 2.759 1.346 0.968 0.917
11 + 7512 4.1 Ethyl hexadecanoate 1.066 0.650 0.698 1.375
i 2 Ketones
12 6-H Jk-5-B¢ Ji-2-1 6-Methyl-5-hepten-2-one 1.356 0.869 0.999 0.744
13 M FE N B Geranyl acetone 13.523 8.727 8.016 8.158
14 -4 % 41 B-Tonone 7.457 6.885 6.911 5.821
E& % Acids
15 4 Acetic acid — 5.243 7.941 9.987
15 & 2 Olefins
16 FriEH Limonene 0.374 0.907 1.334 1.709
H {12 Others
17 2,4- " HUT FIKE 2,4-Di-tert-butylphenol 2.697 1.441 2.095 1.634
18 2-TFE LI 2-Pentyl furan 3.658 2.963 2.772 1.719

26 EAIBELAEARRETTIEFREKN
T

FIH DPPH H Hy B3 B2 L BGE 7 ) fl ORAC
TR 2 T s R A A A R T B SR A P AT IR A
SERNE S Pron . FLER PE & I AT LA S 3 B M AT 2R
et . Hop . DPPH At 535 B b &

7 IS ] S2E < 17 AN T 2 5, R T8 54 h IR A 4 i T
21.42% . T8 JE 3 Al ORAC {H7E 36 h ik 3 %
KRB G354 m 1 14.18%.51.75 %,

R T k20 E RS SR T B R AT PR AR A S T
KPR KT R BB o Fpy 2y i 5 3 Fh
RN B A AL T PR E AT AH DGR 3 A, HEAE R LR 3,
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FLIR T K BEAI AT SR i 5 | 76 1) BE 28 A 3% 1 F) 34 5 T
At B 28 Wy ot A R ORI AR EL % AR AR G

25
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B: BB 1 C. %4k H B3 W UL HE 1, A:DPPH free radical scavenging rate; B: Total reducing power;

MERTEABIBRIRELFENEL

Fig.5 Changes of the antioxidant activity during fermentation of Goji juice
R3 MEREAZBEEDIBEYRSRELFEREXES W

Table 3 Correlation analysis of phenolics and antioxidant activity during fermentation of Goji juice

YA Antioxidant activity

?ﬁfﬁi DPPH ﬁ Ha%{%f@? féﬂ)?ﬁ ORAC
DPPH free radical scavenging rate Total reducing power

JE LA R Protocatechuic acid 0.795* * 0.352 0.318
JLZ# Catechin 0.612* 0.064 0.528
MR TR p-Hydroxybenzoic acid 0.333 —0.335 0.450
FH R Vanillic acid —0.811" " —0.386 —0.308
Xt 7 SR p-Coumaric acid —0.821" " —0.371 —0.556
T Rutin 0.054 —0.110 0.535
FIZLRR Ferulic acid —0.836" " —0.385 —0.303
3-BE N HEMR 3-Hydroxycinnamic acid 0.629 " 0.569 0.325
Wt % Myricetin 0.707 " 0.388 0.643"

e ox x BoRTE a=0.01 K EM B EFHMK; *» RRTE «=0.05 K EBEMIK, Note: * * indicates extremely significant correction at

0.01 level; * indicates significant correction at 0.05 level.
3 W i

2SR L R B A 2R R A 1Y) T B ORI BE
O A [7) LR B XA 1140 A DRT B ke | A B 1) 11
PIZRI BRI T AT BT 22 570 EARBIESE b LR
S 18 h IS A M AT R T RS B R A 2 4
e W e SASOR o 7 B RO AT AR KA. AL
PR Je FLIR T K e i e b i 2 1 AR A
ST LA il A A A B e AR A e A AL
P 1) W AT o T A I 7 i XUR B R A E AR A
S FUIR R K e I LR A R A il B R oK AL &
W 22 Y T e R G- TR ) ) W TR M) T R A B Al A
BT b Al Y S 28 e T LR A LA M BR EL
R AN I 2 A LR A5 1) Jo 14 A i DA T G 3 i A 2R v
B AR . (e FLR Bk I AR R AT AR SRR
- 7L R e A o (o M A 2R T v 0 S R TR O A 3
. AP =R RO B B9 v ) 7 Wy e R T i AR

Hh i R T BE R th T R LR R LA AR A R
CWEFLIR LR AW R - T R AR A
10 A0 o 0 L LAY 22 Bl AR BRI RE L AR E ST
ha g GILMR B KRR R T 1.82 fk. fE
FLIR B A T Bk 08 R AE T SR WT I v v-E R T IR Y
A B R — 7 1 e SR 4 2R 52 S BRI AR
W 53— K T LR A AR e Ah BT
FE A WIAE w55 R 1k PR 5T T o RE 2 A FLIRR ™ A v
FT R, Xn] e A B n W B A mOKCF - E 2
TR SRR

5y 2 W) T R AR AT SR AP E A A A,
FLRIT B 2 Fh DD RETG VS DA OC . 2B P e BR 20
AT 5% K B LI T & 1 T LA Sk 35 4 e M AC 2R 0 v
BB RV S ATt — 2 A HPLC 2
T B AL 2 S RC A B 5 LR B A TR O R P I
Yy I 2l N i e A AR A . IR SE R T FLIR
e Wt A v A ) G AR R S L T URE
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Changes in quality and antioxidant activity of Goji juice during
fermentation of compound lactic acid bacteria

HUANG Ningxin',LU Qun',DING Shiyong',LIU Rui'?,XIANG Shili’

1.College of Food Science and Technology/Ministry of Education Key Laboratory of
Environment Correlative Dietology s Huazhong Agricultural University sWuhan 430070, China ;
2.Ministry of Agriculture and Rural Affairs ' Key Laboratory of Urban Agriculture in Central China ,
Wuhan 430070,China ;
3.Hubei Gouqgi Zhen Co.,Ltd.,Enshi 445300,China

Abstract The changes of nutrients, volatile substances and antioxidant properties during the com-
pound fermentation of Goji juice by Lactobacillus plantarum and Lactobacillus fermentum were investi-
gated with HPLLC and HS-SPME-GC-MS. The results showed that lactic acid bacteria grew well in Goji
juice,and the pH value was significantly reduced.During the fermentation process, lactic acid bacteria
used saccharose, glucose,and fructose as carbon sources to produce acid,and the content of lactic acid,
acetic acid and aminobutyric acid were significantly increased, while the content of oxalic acid, malic acid
and citric acid were decreased significantly. The composition and content of phenolic substances in Goji
juice were significantly changed after fermentation. The content of protocatechuic acid was not detected in
unfermented Goji juice, and increased to 40.55 pg/ml after fermentation. The content of catechins, p-
hydroxybenzoic acid,3-hydroxycinnamic acid,and myricetin increased by 13.44% ,42.40% ,170.73% and
12.30% ,respectively. Fermentation of lactic acid bacteria changed the composition and content of volatile
components in Goji juice. The content of alcohols,acids,and olefins increased, while some substances in-
cluding aldehydes and ketones decreased,and volatile components such as ethanol,1-hexanol,and linalool
were newly produced after fermentation. The antioxidant capacity of Goji juice was significantly improved
as well. The DPPH free radical scavenging rate,total reducing power and oxygen radical absorbance ca-
pacity increased by 21.42% ,14.18% ,and 51.75% ,respectively.

Keywords lactic acid bacteria; Goji juice; phenolics; volatile components; antioxidant activity; fer-

mented beverage
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