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Optimization of different extraction processes of sour jujube

juice and study on its antioxidant activity

4

SHI Li-qi'

KEF

ZHANG Yan-qing'

e

QI Wu-qin'

fEE

XIE Jun-bo*

£ #!

WANG Qing'

(L KRB KA A PHOR 5 R E 2B K 30013452, R R RF P 2y2pe . Kt 301617)
(1. School of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134, China ;

2. Tianjin School of Chinese Medicine , University of Traditional Chinese Medicine , Tianjin 301617, China)

FE.ABRADAEA L AR B B R E WY
Btk 3 AP R Bk T LA b d 3 AR T R
B EEH BEASTRRAANER, KA AR &KL
RBIZ.AM ABTS aw A . DPPH g A a b ik
FR R RN B R R AL ER, SRAW.ERE
RIMTE M4 TAFERRES 67.37%; 8 ik &
H 69.47% ;8 5 4 B BE MR R IE A T4.49% ., KPR
EH MM EORERRIE A A w4k 1301
(mL/g) . mB& 2.1% (AR A H K& ZH), B ot
1.2 h,#2 % Bt 1] 29 min, A # 25 £ 146 W, R R ERG &
SHBRARTFHOERESZTEALEY 0, 58 F % Bk
MR EHDEBEBRETALERZRATFEESE,
IR BRI R AR R T EA R G R A ER, HF
HREHBEMERROBRRTRAKE IS T LR
MGk RARE BB T AL —F B AR A
KN T B AR Tk,

KEBIA B R RIEMR F kB Rk AR AR B B AR R
PRI AL
Abstract; The effect of three different methods, including ultra-

sonic extraction,enzymatic extraction and ultrasound-assisted en-

zymatic extraction, and the extraction of sour jujube juice was

optimized. Moreover., the total phenol, total sugar content and

antioxidant activity of the extracts were compared. The response
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surface method was used to optimize the extraction process, and
the antioxidant activity of jujube juice was evaluated by ABTS
scavenging, DPPH scavenging and hydroxyl radical scavenging
test. The results demonstrated that under the control of the opti-
mal conditions, the extraction rates of ultrasonic method, enzy-
matic method and ultrasonic-assisted enzymatic hydrolysis were
67.37% . 69.47% and 74.49%. The optimal ultrasonic-assisted
enzymatic hydrolysis extraction technology was: liquid-solid ratio
13 11 (mL/g), enzyme amount 2.1% (based on the total weight
ultrasonic time

of pulp powder), enzymolysis time 1.2 h,

29 min, and ultrasonic power 146 W. Different extraction
methods had no significant effect on the total phenolic content in
jujube juice. Compared with ultrasonic and enzymatic methods.,
ultrasonic assisted enzymatic method could significantly increase
the total sugar content in jujube juice. The antioxidant test
showed that the jujube juices of different extraction methods had
high antioxidant activity, and the antioxidant capacity of the
jujube juice extracted by ultrasound-assisted enzymatic method
was higher than the other two ones. This indicated that the ultra-
sonic assisted enzymatic hydrolysis method could be used as a
method for efficiently extracting water-soluble substances from
jujube pulp.

Keywords: jujube; water extract; ultrasonic method; enzymatic
hydrolysis; ultrasound-assisted enzymatic extraction method; ex-

traction; antioxidant activity
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Figure 1 Effect of single factor on the extraction rate of

sour jujube juice by ultrasonic method
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Table 2 Response surface design and results by

ultrasonic method

K A B C D RWE/ %
1 —1 —1 0 0 62.46
2 1 —1 0 0 64.04
3 —1 1 0 0 64.64
4 1 1 0 0 64.10
5 0 0 —1 —1 58.48
6 0 0 1 —1 64.49
7 0 0 —1 1 66.44
8 0 0 1 1 62.44
9 -1 0 0 —1 60.72

10 1 0 0 —1 61.07

11 -1 0 0 1 64.82

12 1 0 0 1 63.47

13 0 —1 —1 0 62.91

14 0 1 —1 0 65.25

15 0 —1 1 0 65.42

16 0 1 1 0 63.05

17 —1 0 —1 0 63.92

18 1 0 —1 0 63.02

19 -1 0 1 0 64.22

20 1 0 1 0 64.79

21 0 —1 0 —1 60.60

22 0 1 0 —1 62.07

23 0 —1 0 1 63.84

24 0 1 0 1 65.78

25 0 0 0 0 66.55

26 0 0 0 0 65.93

27 0 0 0 0 66.73
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Y=169.91+ 1.48A + 0.94B — 0.17C + 0. 24D +
0.010AB+0.100AC — 0. 63AD + 0. 67BC — 0. 31BD —
0.37CD—3.00A% —0.85B* —1.58C*—0.52D*, (5
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Table 3 Response variance analysis results by ultrasonic method

T 22 AR 05 A ER:iN;s ¥ior F {8 P {8 T
1557 100.84 14 7.20 26.89 <<0.000 1 % % %
A 7.52E—003 1 7.52E—003 2.80E—002 0.869 7
B 2.63 1 2.63 9.83 0.008 6 % %
C 1.60 1 1.60 5.98 0.030 9 *
D 31.25 1 31.25 116.64 <0.000 1 x % %
AB 1.12 1 1.12 4.17 0.063 7
AC 0.54 1 0.54 2.00 0.182 8
AD 0.72 1 0.72 2.70 0.126 0
BC 5.56 1 5.56 20.74 0.000 7 x % %
BD 5.80E—002 1 5.80E—002 0.22 0.650 3
CD 25.07 1 25.07 93.56 <0.000 1 * % %
A? 11.41 1 11.41 42.58 <£0.000 1 * % %
B2 6.46 1 6.46 24.12 0.000 4 % % %
c? 6.08 1 6.08 22.70 0.000 5 X % %
D2 29.32 1 29.32 109.44 <0.000 1 * % %
""" w% sl 1z o2t
AU 2.86 10 0.29 1.63 0.440 1
2R 2% 0.35 2 0.18
el 104.06 26
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Figure 2 Effect of single factor on the extraction rate of sour jujube juice by enzymatic hydrolysis method
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% 4 FBREE Box-Behnken iR It B & F1k F & 5 MmEEZNEEKEEITESLER
Table 4 Box-Behnken test factors and level tables Table 5 Response surface design and results by
by enzymatic hydrolysis method enzymatic hydrolysis method
g MR BEE CHBER DR FE A B ¢ D ®EE/%
(mL/g) B/% ] /h RE/C 1 —1 —1 0 0 63.56
2 1 —1 0 0 66.80
-1 701 1.5 1.0 45 5 . ) o o 65,19
0 9:1 2.1 1.5 50 . . . 0 0 65,41
1 11:1 2.7 2.0 55 5 0 0 —1 —1 67.52
6 0 0 1 -1 67.34
B 6 Al AL ABXTEBREA B Y REICEES B 7 0 0 —1 1 68.86
FERW SR ZW K /N R A>B>D>C, R A 8 0 0 1 1 67.20
R 25 M (P<C0.01) L 2k L0 P H R 2% (P>>0.05) , 4 9 —1 0 0 —1 64.60
BRI R =0.968 3. W HOB I A RIS . coor e
o9 B/ B AT F BN R4 . Bt AN 12 . 0 0 ) 6720
WEHE 1101 (mL/g) B fig LB 47 °C BB AT ] 1.6 h, 13 0 —1 —1 0 66.72
TG 2.5 % 4% M A% PR AR AT 56 5IF 2 56 . 1R R T M W 14 0 1 —1 0 67.96
PRI A 69.47 % . FHMAA (69.38 ) AH L, IR 22 5 /N - BiE 15 0 1 ! 0 65.96
BT W th 2 DR 285 B T 4 AR IR 2 1 X R o C i o
2.3 BEHHBRERRIZRL 8 . o 0 6717
WE 3 FrR AR BOR L 13 0 1 (mL/g) i A iR 19 —1 0 1 0 63.18
B 1 h, 5 AR 7 0 0] Oy 30 min, & 8 5 2% N 20 1 0 1 0 66.69
140 W AN &0 2.1% . F il 22 5 48 BR3¢ 21 0 —1 0 -1 67.13
WA ER R 2.1% . B R S o
JOE LA AL 12050 114 R 3R B Kk P B DL 7 i e it e R 24 0 1 0 1 69:‘20
W% 8, 25 0 0 0 0 70.30
% Design-Expert 8.0.6 &4 %} % 8 49 5 48 ik 7 26 0 0 0 0 69.75
2 J0 1 AL A 43 BT S R T 9 vk 2 1] U 5 R 27 0 0 0 0 69.70
x6 HBEFESWER
Table 6 Response variance analysis results by enzymatic hydrolysis method
Ty 2K Rl A B ¥ o5 F i P {E I
A 95.20 14 6.80 26.17 <0.000 1 % % %
A 26.43 1 26.43 101.72 <0.000 1 x % x
B 10.67 1 10.67 41.06 <0.000 1 * % x
C 0.36 1 0.36 1.40 0.259 9
D 0.69 1 0.69 2.65 0.129 5
AB 1.33E—004 1 4.33E—004 1.67E—003 0.968 1
AC 1.00E—002 1 4.00E—002 0.15 0.702 1
AD 1.58 1 1.58 6.07 0.029 8 x
BC 1.77 1 1.77 6.82 0.022 8 *
BD 0.39 1 0.39 1.51 0.242 2
CD 0.55 1 0.55 2.12 0.171 0
A? 48.09 1 48.09 185.06 <0.000 1 * %
B? 3.90 1 3.90 14.99 0.002 2 * %
c? 13.24 1 13.24 50.96 <£0.000 1 * %
D? 1.47 1 1.47 5.65 0.035 0 *
Cosx 312 12 0.26
S8 2.90 10 0.29 2.61 0.308 9
iR 2% 0.22 2 0.11
S 98.32 26

o FARABEFER(P<0.05); x » FrRAIER BE2ER(P<0.01); x « » FIRA M EE 2 F (P<0.00D),
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xR 7 BEWHEMBE Box Behnken {18 F R MK F R
Table 7 Box-Behnken test factors and level tables by ul-

trasound-assisted enzymatic extraction method
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8 Response surface design and results by ultra-

Table

sound-assisted enzymatic extraction method

op  AHURHE BEAEET CESET DN 5 A B C D BGE/ %
N (mL/g) Wl /h il /min W 1 —1 —1 0 0 71.87
—1 11:1 0.5 20 120 z 1 —1 0 0 72.23
0 13:1 1.0 30 140 3 1 1 0 0 78.01
1 151 1.5 40 160 4 ! ! 0 0 73.73
5 0 0 —1 -1 72.43
B 6 0 0 1 -1 72.66
Y =174.62+0.37A +0.76B + 0.016C + 0.39D + 7 0 0 3 1 72.89
0.092AB—0.36AC + 0.049AD — 0. 64BC — 0. 39BD + 8 0 0 1 1 73.52
0.099CD —1.20A%—0.62B* —1.39C* —0.26D?*, (6) 9 —1 0 0 —1 72.47
6 O T, A B D ¥4 7 AT 345 9 R 4R B 10 ! 0 o ! 7.2
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Figure 3  Effect of single factor on the extraction rate of sour jujube juice by ultrasound-assisted

enzymatic extraction method
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Table 9 Response variance analysis results by ultrasound-assisted enzymatic extraction method
B3 07 B B ¥r F {H P I3
H 2 27.88 14 1.99 24.19 <£0.000 1 * % ¥
A 1.63 1 1.63 19.83 0.000 8 * % %
B 6.94 1 6.94 84.28 <20.000 1 * % %
C 3.06E—003 1 3.06E—003 3.70E—002 0.850 4
D 1.86 1 1.86 22.56 0.000 5 * oK%
AB 3.40E—002 1 3.40E—002 0.41 0.534 9
AC 0.51 1 0.51 6.17 0.028 8 *
AD 9.60E—003 1 9.60E—003 0.12 0.738 6
BC 1.65 1 1.65 20.00 0.000 8 * %%
BD 0.60 1 0.60 7.27 0.019 5 *
CD 0.04 1 0.04 0.48 0.501 5
A? 7.73 1 7.73 93.88 <20.000 1 * % %
B? 2.07 1 2.07 25.17 0.000 3 * % %
C? 10.36 1 10.36 125.89 <20.000 1 * % %
D? 0.37 1 0.37 4.51 0.055 1
""" #®% 099 12 820E—o002

I L3 0.91 10 9.10E—002 2.49 0.320 6

iR 2= 0.07 2 3.70E—002

Joyill 28.87 26

T ox RRABEEFP<0.05); « » FRAEFWBFEZF(P<0.0D); » x x FRARE

F 2R (P<<0.001) .
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Figure 4 Antioxidant capacity of jujube juice extracted
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Table 10 Determination of total phenol and total sugar

by different methods
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i ) o 07 ¥ B 0 B TR 0 F AR SR L
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Ak 1B20R0.200 O8A0E22N gl gy R L A R A4 3 LR
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