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Antioxidant activity of jujube beverage fermented with
lactic acid bacteria

JIN Yu-hong, LI Zhi-xi, QIAO Yan-xia, YANG Zhi, LI Rui,ZHANG Qiang

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

Abstract: [Objective] The antioxidant activity of jujube beverage fermented with lactic acid bacteria
(JBFLAB) was studied to provide reference for further development of JBFLAB. [Method] The antioxi-
dant properties of JBFLAB and its intermediate products in vitro (DPPH scavenging activity, ABTS" scav-
enging activity, Fe'' reducing power and total antioxidant capacity) at different fermentation stages were
investigated and compared with that of jujube wine,jujube juice without fermented,jujube yogurt juice,and
wild jujube juice. [Result] JBFLAB exhibited the highest antioxidant activities with DPPH, ABTS and re-
ducing power VCEAC values of (223.8%2. 4) mg/L, (1 126. 64+40. 00) mg/L,and (1 007. 24+40.0)
mg/L and total antioxidant capacity (T-AOC) of (56.98=%0. 41). JBFLAB was followed by jujube wine,
which had VCEAC of (158.6=41.7) mg/L,(920.44+8.27) mg/L and (592. 5410. 2) mg/L and T-AOC
of (48.44=+1.05). Juice of wild jujube showed the lowest antioxidant capacities with VCEAC of (81. 9+
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0.7) mg/L,(30.67%1.07) mg/L and (156. 2410.5) mg/L,and T-AOC of (23. 45=+0. 30). There was

significant correlation between antioxidant capacity and total polyphenols content (P>>0.05) in JBFLARB.

The antioxidant capacity of JBFLAB increased significantly (P<C0. 05) at fermentation prophase (0 —12

h). At 12—72 h,DPPH f{free radical scavenging activity and reducing power had no significant change (P>
0.05). At 12—48 h, ABTS" scavenging activity had no significant change at 12—48 h (P>>0. 05),but in-
creased significantly (P<C0.05) at 48—72 h. [Conclusion) JBFLLAB not only had strong antioxidant capac-

ity ,but also had the unique aroma of lactic acid fermentation. It also tasted smooth and soft and merited de-

velopment.
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TRA) B N 15 min, LG K 205 R % B8 76 % K
734 nm bR WO A5 DL [ A R R AR R AR
i B 4% T O ARE S ABTS B i R BR R

ABTS m%i%lé%ﬁzA‘;Af
A Ay [a) A FR PR AR R o S B B WO JBE 5 A
R R R RO B

PL Ve ¥ R b X JE, 00 AS [) o i v 3 Ve
XF ABTS Bl S0 IEBRR, DL Ve Jia kB (o) i
AefR . Ve X ABTS H 2 0975 bR 2% () g 9L Ak bR AE
BIAS ARt Ze, etk M0 7 2l y = 6. 2782 —
1.996(R*=0.998 1), #M1y ABTS [ th B iE R fE
I Ve dit 8 2 i (VCEAC) %R,
1.3.4 Fe' s gak Hm & 43 5 BURE BE— E %
BARE S 1 mL A 2.5 mL BE#R 2% vhi (0. 2
mol/L.,pH 6. 6)¥&5], #RMA 10 g/L 82w L8 i
W 2.5 mL;50 CRBAER 20 min J5, A 100 g/L
B =R %W 1 mL,3 000 r/min #.0> 10 min, §L
W 2.5 mLmEEFK 2.5 mL UK 1 g/L =
AACERE WL 0.5 mL, ZEPEK 700 nm I WG RE .
FH Ve W5 W R Bm 6T BRC DU AN [R] 5T B VR B Ve [
FTAF WG, DL Ve i ik B (o) S B AR A, TR O 3
() R G\ A b A B A5 A 1 il S 2k Tl 05 5 A2 R -
y=0.101x—0. 006(R*=0.999 4), ¥t HifJ& Fe't
e ST Ve a5 (VCEAC) £,
1.3.5 % %$maesauaz LIRS TR NIRE

iAi—Aj 0
S )xm(%o

X100% .

i HERA L] 0. 1 meg/mL (358 & F B2 AR E V6 T, 43
I B A E R W 0,0, 2,0, 4,0, 6,0.8,1. 0 mL F
10 mL &&= M AR A Folin-Ciocalteu 357 2. 0
mL F1 75 g/L BB BVE K 2. 0 mL, 8§ /K E &
2 10 mL 8245 WA N 2 h, 724 765 nm 4
EWOEREE . LR R BT i W ¥ (o, mg/mL) Jy f
ABAR S WG RE (s Avss ) O DA B 22 1 B 0 it 2K 75
B L Pk | H 7 .y = 88. 4292 + 0. 001 (R* =
0.999 4),

P25 A 0 R T A B TRC U VR YA R
HUASFE A IR 100 pL, 43 51 & F 10 mL 28 @i,
Fie LR I 5 43 0 W O BE CAD AR A BT I O R
R =L AN PS AT s =
1.3.6 EFHmezagm ™ I T AERUEM,
BT F 120 °C F M 2= 6 F7 &, E 6 i 0. 4
mg/mL bR W WIBO R M 0,0, 5, 1.0,
1.5.,2.0,2.5 mL F 10 mL &P . M A 50 g/L
EAH R FN WL 0. 5 mL ¥R G ¥4 it E 6 min, SR )5
JA 100 g/L f4ERESIAW 0.5 mL IBS44) LE 6
min, &G MA 40 g/L S E AL BN W 4 mL, Z8 18K
FEZS A 15 min, U 510 nm AW G, LIS T
Jor 5 R FE (oo mg/mL) S B AR BR . R OGBE (s Ay )
R AL bR 2 AR o 2L A5 B PE L H Ry =
12.324240.011 (R*=0.999 7),

N 0 S R T A B TC SR T A R L
WA HESTSWE 1 mL, 4300 8 T 10 mL s irh %
R Ty S A WO B CAD AR A L Ty R A
FE T R B A

1.3.7 EB#HRAAGE A (T-AOC) #ym & & IR FH
gL B R R e & Tl NS /N W A = T = R Y I
T-AOC =
A — Ay . J2 07 T e AR R
0.01 30X BokE 1 ~
RS W e RO

FH Ay R0 E B WG L s A 5T B OB E
1.4 HEHHE

BEAFERIEAT 3 YOPATINE 25 R DL =57 3
7 Al DPS v7. 05 B kA7 B4 b 3

2 HPR5Mr

2.1 AEERGADPPH B HEBREE WL

Bl 1o AR R & DPPH [ il 3k 3% Bk AE i
Ve Hréafb 5 (VCEAO M E S5 R . i 1 /LA
AR AR S DPPH H k1 BR GE 0 A7 i i 3%



202 P A e MR K 0 AR

1%

25 (P<<0.01), #&FE5 Y DPPH H i 367 bR fE
F 8 30 55 109 00T Sy« 21 2 2L R A e TORE > 24 > i
HTF > A EEARORE > TR AT ORE . Hrh AT L R
YOkE A DPPH [ 3L BRAE 1 ) Ve Sk Y
B9 (223, 8 £ 2. 4) mg/L M (158. 6 £1.7)
mg/L,

i & 1R a] LA Y AT A2 L R A Ok
() DPPH [ th 2L 35 B 8 1 ¥ 80 582 7 (% DPPH H
F 553 B B 0 A3 P £ R o 33X 16 B AN [R) 1A 4 1 % T

250.001
A
- —E
', 200.00f
o B
E0 15000 C
=2
Mo D
5> 100.00f B
g
15' 50.00F
>
0 . 5 5
W 4RI AR AT AERKOR
Jujube  REFXEL  Jujube Okl Jujube
wine JBFLAB  without  Juiceof  yogurt
fermented wild jujube juice
B 1 AFEZAKS DPPH [ &R e i &
[ R [ R 5 B R 25 ik R
K (P<<0.01), F A
Fig. 1 Comparison of DPPH radical scavenging capacities

among different jujube beverage products
Different capital letters in the figure mean highly significant

difference (P<Z0.01). The same below
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Fig. 2 Comparison of ABTS radical scavenging
capacities among different jujube beverage products
Different small letters mean significant
difference (P<C0.05). The same below
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Fig.3 Comparison of Fe'' reducing powers among
different jujube beverage products

1 & 3 AT, A R K Y Fe' 38 R RE T AR AR
FZ5EL5 AR B Fe' ™ 38 5L RE 7 i 5 2 55 4K 0N
2T W FLIR K e AROAE > A = [ Ay > A ROk > R
A RRE . 2R FLIR K BB Fe' o I8 J5 R ) i)
i 2R T A A AP R AR S (P<T0. 01) , Hir2p 37



%13

BT R AT 45 DAL R R T OB L A AL I 203
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mg/ L, XA HEAE o T FLIR A I ik 7 v 9 25 ) Jon 28 4
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()3 Jir B 7 5 5 TIPSR A T 1 33K o 1 DR X A 555
2.4 AEAFERBESZHMAMLEMSEN LR

R TR SR il 22 B 0 R B I A ) E 5 R AL
Fl, MR D ATLIE I A W RO B 2 R
W& EAEZES, B 2B & &t BRIy
AFLR A T RORE = G = i A > A ROk > i
TR ZUY 5 DPPH B i 5216 B BE 1 19 5 A7
], 21 AL IR T ORI B 22 T 5 AR Wb 35 o T
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2 W O w Al AR T R R (P<<0. 01D,
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Table 1

Comparison of total polyphenols and flavonoids

contents among different jujube beverage products

v B2/ S/
P dh (mg+L 1D (mg+L 1)
Sample i 3

Total polyphenols  Total flavonoids
752.94+11.5 Bb 208.644.7 Cc

i Jujube wine

LA TR K ROk

JBFLAB

JEA Jujube

without fermented

AR

Juice of wild jujube

Ok

Jujube yogurt juice
RPN RS bk 3R R 22 ik B % K7 (P<C0. 01) . R [H]

NG R R IR 25 5 ik B K (P<C0.05) .

Note: Different capital letters in the table mean highly signifi-

878.4411.3 Aa 405.5+27.3 Aa

722.3+7.9 Bb 277.8+4.8 Bb

160. 9+5.0 Dd 87.3%2.1 De

359.74+11.5 Cc 168.3+3.2 Cd

cant difference (P <C0. 01), and different small letters

mean significant difference (P<Z0.05).
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H HAETEBRAE ) CABTS B BRI FREE ) . B2 M &
) 1195 2 Sl R B AT 51 IR LB S @ S R S W
R TR URORE (0 A S 0 S AL B ) B R TR 1Y A AR 4
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Fig. 4 Comparison of total antioxidant capacities
among different jujube beverage products
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KOS A LUE I e A BRI (0~12 h), R R Y
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R WA AL A 2140 v Y W 2 ) ST 46 348 1 o DA TG 4%
ST A EERE R DPPH At 3R i BRAE S Ml Fe' ib i
AE 77 5 B e 7 3L R T 00V T e e B 14 22 W 26 W) Tt
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Fig. 5 Antioxidant capacity of jujube beverage fermented with lactic acid bacteria during fermentation process
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MEAENENREXE

R LA FLIR A I OB 4 Rt S ALRE 1Y Ve BT

AL (VCEAC) 23] 5 8 20 5 i LB B B &

PR AOCME  T AE RN 2 Fron . ik 2 AT R
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FI A 2 3 B AE 7 L B BT SR AR RE T M I 3 AR OG (P <<

®2 AFIABRBRBOTALEE

0.01),%5 DPPH H th 37 R AE )1 . Fe' AR 1 B
FA O (P<C0. 05) 5 21 AL 7L IR & T RORE 11 L 18 B 25
W5 DPPH A i S0 BRAg ) JFe' ' iR JFRe )t
FAML(P<<0.01), 5 ABTS H H A5 FREE Ty . St
AAbE T B EAE(P<C0.05), ML 2k Y
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Table 2 Correlation analysis between antioxidant activity and total polyphenols and total flavonoids contents in JBFLAB

_ DPPH T bR e
- A LT R e

ABTS A 25 Br g T

E— THR LT

DPPH radical ABTS radical L . Total antioxidant
Index . . . . Fe’" reducing power .
scavenging capacityies scavenging capacities capacity
B Z W Total polyphenols 0.900 3* 0.996 3** 0.898 9* 0.978 0* *
HH# i Total flavonoids 0.989 7** 0.912 8~ 0.974 2%~ 0.913 4*

o x AHSCHENR 2 (P<C0.01), x A GHE b 8 (P<C0.05),

Note: * * means highly significant difference (P<C0.01) and * means significant difference (P<Z0.05).
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0. 05) » HAR ST 4 A0 BE J1 Y 55 58 WL R B M
ZT AL IR e T OB = A0 = [ AT = A ORE > TR
AT OB i B R A B A R H R 22 3]
7Ry« LA FLIR K W AR > T AT I > A > A AR
B> PR YORE . A8 B R A A T R
TH(P<<0. 01D, X Al 82 il 70 T 6 4 I o A b o
T 24 10 J5 4 A 2 0 ik kg KL A 9y S5, DA 6845 L B
B & i AR . A2 5 R ACYORE™ i DAL R K
YR AR ST AR RE ) g A I 2 TR 221 ik
A= ) R AR P ) 2 I OB RITIR AT OB A S 41 481
fE 773 3 K T JRAS T (P<<0. 05) . F b Al 1, 4k

A= W) 1Y) R TREAE FH BB A A A o ORI e S AL BB T .
A5 T 2T R L R K OB B A RE D B T
P (P<C0. 05) , 3 ] B8 5 A ] G 26 W 1)k T L 3
A AN [ Gl A W 1) e TR R T R TR I v 22 1y 28
Yy 5T 25 K | 2 R K i RT EELA AN [R5 e [m]
Bl A o v Hp TR AR 8 7= 0 A RT R X e TR TR 1 A Ak
A TR A AH X A R e VR B LB AR A R i — 20 B
I

T FLIR & T2 1 K [R] B B o %o 40 4 L R A T et
7 DPPH H 35 bR g 71 . ABTS [H th 335 Fk fig
M Fe " W JFERE S EAT T W5 25 3 R 78 B 0~
12 h P, ZLIR & BE T ) BL 8 b 306 2 Bl % T2 B [ 1Y) %iE
N 5 (P<<0. 05) s 76 A BF 12~72 h iih, &
M2 DPPH A i ZL35 BR A 1 A1 Fe* 38 IR AE ) 36
W E AR (P>0.05), 1M &K BB X ABTS H 2K
THEREEIAE 12~48 h N E W % 24k (P>0. 05) . 7F
48~72 h N B K BE R E] ) SE K ABTS [ ih 363 b
AE SRS . 7E R T 12 h I, 20 2R R A Ok
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4 BE S AL BE 7 A I8 B i R AL o LI s R 8 AR
FLIR K T e AT 09 A ORI 1 G825 2 % 48 h
I R W 04 R SR RE D B R 12 h IR
T B F AR (P=>0. 05) o {H 1S i = & 2 A, PRt
B 2 B AR ) & RS B) Ry 48 h, A R gT R W, AL AR 1
BRI AR 2 THT (9 C L6 180 0 [R] B B A — 3 I P A AL 1 A
7] AT A 3 THT 7 e 4 A P 0 L AN AR IR T AR
FE T 1 JH R FUIR B 7R O T AR TR AR
TR X T B A L SR PR AT — E B DTk B A T T
Pt — 5.

[ 5% 30wk ]

[1] 3 gt b [ 20 A T 2D 48 7l 1) & e SR L A7 A [ 80 0 X6 5K 114
Wh5e [DJ. 764 v I 5 K 2% , 2006.

Liang H. On the actuality, existing problems and solutions to
the industry of the Chinese jujube [D]. Xi’an:Shaanxi Normal
University,2006. (in Chinese)

(2] BB E&RR A B AF 3 E 20 405 W TR B 58 Sk

SR [T] v Ib R AR F R ¥ 2% M A A BF =, 2010, 38
(6):102-108.
Yan Z X,Lu Z M, Liu K,et al. The present situation and pros-
pect of Chinese jujube resource in processing and utilization
[J]. Journal of Northwest A&.F University: Natural Sciences
Edition,2010,38(6) :102-108. (in Chinese)

(30 I3 WML .l o 6 450 S 21 A8l AR 7 o B TR K IR B B
FETZ A FaaT5E L. b = 0k g 2009, 34(8) : 72-75.

Fu L,Hu L H.Gu L N Z,et al. Study on fermentation technol-
ogy of acetic acid in Chinese jujube vinegar production [J]. Chi-
na Condiment,2009,34(8) :72-75. (in Chinese)

(4]  whaEME. Pedbar 2 b Boss i iy 32 I B & B LR [T iRl
2006,27(12) :560-562.

Han Z P. Extraction and comparison of flavonoids of Chinese
dates produced in Shaanxi Province [J]. Food Science,2006,27
(12):560-562. (in Chinese)

[5] LiJ W.Ding S D,Ding X L. Comparison of antioxidant capaci-
ties of extracts from five cultivars of Chinese jujube []].
Process Biochemistry,2005,40(11) :3607-3613.

[6] Ak, WL, £ W5 MARER RIS L/ L2205
[J7. o [ R s . 2009(12) - 143-145.

Mou J L.,Cao B Z,Wang J, et al. Liquid submerged fermenta-
tion technology of jujube vinegar [ J]. China Brewing, 2009
(12):143-145. (in Chinese)

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

£ 8L, SR BRILAE, & R B LA Ao [T].
[E PR 75 ,2009(5) :167-169.

Ren Q.Xun H F,Cheng J H,et al. Fermentation technology of
jujube wine [J]. China Brewing, 2009 (5);167-169. (in Chi-
nese)

& ALak B SRR R RS O R AR R Bl s
(DPPH « )¥EERAEH i 58 [T 1. v B 9 Bk i, 2011, 36 (10)
42-47.

Jin J, Zhang F. Antioxidant activity tests if mulberry vinegar
method [J]. China Condi-
ment,2011,36(10):42-47. (in Chinese)

HSERE L PR B O I A B A8 NO & s (DL K.
KR 2, 2006.

Ye T X. Effects of salvianolic acid B on NO production in vas-

and different vinegar by DPPH -

cular endothelial cells [D]. Tianjin; Tianjin University., 2006.

(in Chinese)
Re R, Pellegrini N, Proteggente A, et al. Antioxidant activity
applying an improved ABTS radical cation decolorization as-
say [ J]. Free Radical Biology and Medicine,1999,26(9/10) :
1231-1237.
Oyaizu M. Studies on product of browning reaction prepared
from glucose amine [J]. Japanese Journal of Nutrition, 1986,
44.307-315.
Cai Y Z,Luo Q,Sun M, et al. Antioxidant activity and phenol-
ic compounds of traditional Chinese medicinal plants associat-
ed with anticancer [ ]J]. Life Sciences, 2004, 74 (17) . 2157-
2184.
AL AR K e SCE TR A W E B A A F R R R AR
WE5E (1], PEb 22226, 2009,24(5) - 261-263.
Li L H. Research on total flavonoids determination and free
radical scavenging of citrus peel [J]. Northwest Pharmaceuti-
cal Journal,2009,24(5):261-263. (in Chinese)
ReESco B W R TR AR E AT (D] p )
K2,2008.
Chu W J. Research on the antioxidant activity of pruple sweet
potato wine [ D]. Nanning: Guangxi University,2008. (in Chi-
nese)
SATT UEAR IR LA, A5 LR T R L 4RI T P TR R 1 07 B
K (] A EE . 2010,10(1) : 73-78.
Wu Z F,Hong S H,Shen X Q,et al. Screening and identifica-
tion of lactic acid bacteria strains with high antioxidative ac-
tivity [J]. Journal of Chinese Institute of Food Science and
Technology,2010,10(1) :73-78. (in Chinese)



