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Quality of Cloudy Juice of Different Varieties of Red Jujube
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Abstract: With a view to improving the nutritional value and the potential for deep processing of jujube, five representative
varieties of jujube were selected as research materials, namely 'Hetian jujube', "Yanchuan Goutou jujube', 'Jiaocheng jujube’,
'Zanhuang jujube' and 'Ningyang jujube'. Subsequently, to explore the impact of the mixed strains fermentation on the
cloudy juice quality of the various varieties of jujube, fermentation with lactic acid was carried out with the mixed strains of
Lactobacillus acidophilus, Lactobacillus plantarum, and Lactobacillus fermentus. The results indicated that the juice of five
jujube cultivars was a good substrate for the fermentation of mixed strains, while the number of viable bacteria at the end of
fermentation was more than 6 1g CFU/mL. The fermentation of mixed strains induced the transformation of the phenolic
substances and enhanced the contents of caffeic acid, protocatechuic acid, and rutin, which reached 0.67~1.13, 8.05~10.77
and 2.17~3.12 mg/mL, respectively. The antioxidant capacity of the fermented jujube juice was significantly increased, and
the DPPH was increased by 38.29%~45.2%, FRAP was increased by 20.3%~60.6%. The juice of 'Hetian jujube' and

'Zanhuang jujube' were found to have higher total phenols, glucose, fructose, and malic acid, which promoted the growth of
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lactic acid bacteria, while their fermented juice had higher viable bacteria count, which reached 11.2 and 10.4 1g CFU/mL,

respectively. Moreover, the fermented jujube juice of 'Hotan jujube' and 'Zanghuang jujube' displayed higher antioxidant

capacity and sensory quality. Additionally, the fermented juices of 'Hetian jujube' and 'Zanhuang jujube' also had higher

antioxidant capacity and sensory quality. The results could provide theoretical guidance for the selection and application of

the fine varieties of jujube.
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WY HASEHESH .
1.2 XFHE
1.2.1 il LA Ll T
2% Li G0 s r ik, TR HaigoK kg e 2
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Table 1 Physicochemical properties of red jujube juice of different varieties
Al pH AR (CBrix)  E(g/100 mL) B (g/100 mL) BN (g/L) U L a b
HTZ 5.66+0.04" 15.57+0.11°* 11.67+0.14* 0.45+0.07° 2.67+0.04* 3.87+0.14* 41.88+0.47° 19.25+0.33* 51.67+0.63°
GTZ 4.58+0.02° 12.14+0.03¢ 9.85+0.12° 0.55+0.08° 1.75+0.13¢  2.85+0.11° 53.76+0.53° 17.55+0.23° 50.75+0.37"
JCZ  4.53+0.14° 11.1040.06¢ 8.18+0.07¢ 0.48+0.04° 1.88+0.07¢ 2.55+0.07¢ 55.67+0.34* 13.68+0.24% 38.18+0.39°
ZHZ  5.12+0.02° 14.1340.13° 10.7540.03" 0.66+0.08" 2.55+0.13° 3.75+0.02° 42.85+0.52¢ 19.85+0.22° 39.85+0.52°
NYZ 5.24+0.05° 12.10+0.03¢ 9.88+0.09° 0.5540.02° 2.10+0.09° 2.87+0.07° 49.85+0.28° 16.87+0.09° 48.82+0.59°

4 B A PR A RN AT 3 25 5+ (P<0.05) .
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b EASALIE B 38.18~51.67, FNFH IAHAG HATHE
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B o LA R SE R AR S N A A T R PR B TR
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WS AMRGEE oA 2 AR SRR LT R
P e 22 5 2, o SRR o 41.58~
65.66 mg/mL, FZAHE S EYEREN 30.52~44.45 mg/mL,
I HH A v HA e B B Y SR R A A, TSk
R D A NG TRl SN v AP N 1 FeTiy & (EA R S0 .73
P i LR M AT A o e 2 R (P<0.05), Hop 2R
PEEE TRV RIRE] T 15.3%~30.6%, b
TR T 12.9%~16.9%, FEb & Atk /N, K
TR A FLIR L BT Ay T =, bRt s FE
e Z B2, R 2% 0% . Pereira 550 T 5%
ZERABAFSE T X — 5. HAh Hashemi 25621 AE 4871
MIFLIR RIS v A3 3] T U216, RPAbEEZL
PR PR AT F S . A MUFST S XL 2] A 5
FEMEAT RRAIG, P A ak— G ) S P T RE A & A
=R PUFLIR SBERIT pH HUREAR, 13X 8T NG
AR A
23 FTAEAEBNERSENH

EERINivs - A e S SR S W DI AN P07 SN SRS SN = b o
Feitfigith o ASIR) SR LA R BERT S A PLIR & A8
fetnze 3 P, HeAm T 203 5 54 DO R A AR, o
SPEIRR WA RS LT T T i A LR, XS
Li &8P (OB oR gl R —3 ., ARl SR LAy i A iR
RN 2.64~3.88 mg/mL, 3SR B 7 [l N

K2 AFERLLAT R A 2 (mg/mL)
Table 2 Changes of soluble sugar content in different red jujube juice before and after fermentation (mg/mL)
KT KA KT KR IR V4
HTZ 65.66+0.54" 45.57+0.31% 44.45+0.37" 37.67+0.24% 1.67+0.04"° 1.4340.04™
GTZ 41.58+0.627¢ 34.14+0.43" 30.52+0.48% 25.55+0.235% 1.85+0.02%° 1.35+0.02%
JCZ 54.53+0.34"¢ 46.10+0.36™ 33.48+0.34*¢ 27.88+0.17% 1.82+0.074° 1.80+0.03"
ZHZ 60.12+0.424° 48.13+0.435% 40.63+0.384° 33.76+0.23"° 0.86+0.03% 0.53+0.03%¢
NYZ 53.24+0.3%¢ 45.10+0.23% 34.55+0.424¢ 30.10+0.19" 0.88+0.08"* 0.85+0.05%¢
‘ié:z%m%rﬁ/]\lﬁ'?ﬁi%% [Fi) it AP AL 22 [ 7 A B 2 25 57 (P<0.05 ) 5 ARRIRE - B [l — Pl R i 5 HA W 35 22 57 (P<0.05) ; #63~3R4., &1~
IS
3 AR AL AT R A DR & =75 6 (mg/mL)
Table 3 Changes of organic acid content in different red jujube juice before and after fermentation (mg/mL)
. PR SRR HAR FLIR
a3 KBEIG i KWEIA T K5 K KBEIG
HTZ 0.66+0.02% 0.37+0.11% 1.65+0.074° 0.77+0.04" 3.88+0.07* 3.25+0.03" 0.75+0.02%° 2.45+0.03"
GTZ 0.58+0.02¢ 0.34+0.03" 1.55+0.08"° 1.12+0.03" 3.83+0.05% 3.72+0.03" 0.43+0.02" 1.85+0.02¢
Icz 0.87+0.04* 0.60+0.06* 1.48+0.04%¢ 1.05+0.03% 2.64:+0.04%° 2.18+0.04" 0.83+0.03" 1.48+0.04%¢
ZHZ 0.83+0.034* 0.43+0.13" 1.66+0.08"* 1.19+0.03" 3.71£0.034° 2.35+0.03% 0.82+0.03" 1.98+0.034°
NYZ 0.74+0.03"° 0.60+0.03" 1.38+0.024¢ 0.91+0.09" 3.84+0.08* 3.174£0.03% 0.46+0.03" 1.67+£0.03*¢
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1.38~1.66 mg/mL, H:H N I R 1 IR & A
1o, B RASE IR & e e o ARSI AT AIR S
FLIER PR R e e HOPU A TR . SR AT TR & e A
Pt R, PSR & i NI B CRRE T 27.7%~
53.3%) . iX'5 Chen %5 (WIFFELE R —34, BRI Z&3L
P DR 2 T it AR T P R e B o S5 BARAIR, SR 2 7L
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A= TP AT PR /K TR, 22056 T KRS A TRFE AL L™
ARG BV d ey eI s TN s S LT DI Y (2
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k. FLER G,
24 FHEBENMEVBESTHT

A B A KX R e S, HARARRE S
AL 0 T i MRS E PEAH G . AN]SR Lr e &
P48 R BOTS TR BN IR 1 TR, I HLAS A bl 2
VIS BB EAT W e 22 R (P<0.05) o T 204 5

12 1
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(=}
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BT ORISR LA A I 1 AR

Fig.1 Viable counts in different varieties of red jujube juice
after fermentation

P K R T R IS PR T 1x10° CFU/mL, X %R HH
LEASHARIE T 25 AR TR A KRG . Hr bR e
T 2 B R A A A i TR B3, I PR B A s 3]
T 11.2 X 10.4 1g CFU/mL), A] BERY IR Sy HAT it
PSSR REAS AR LT MR, Iy ML R BH B S
BRI TR R A . Li 252 X402 i 2LAR &
A AR TS WA R T I SE S, RBP4y 2
LI R iR T
25 FTAEBAEREYREENH

eyt B I I A BRI 25 T ST KA
reE, I HLRBEZ S AP R AT D BB VG M4 T .
AN[A] SRR T R I S I S BT AR A AN SR 4 s, Jk
Kol T\ PR T, Horp R s R it G &1
12 . JRJLASTR . LRI . WINMERR R BT ERIR ) . —Fh il
W (RILEE . AT M=) o AR AT
My Jon S i 2R AR AR, o R i IR . IR LASTIR AL
LRI LT A P e AR, T R b R
TEISUETN, X5 Li 80 s a5 R —2, Hp
RN RS R e B IO S e s IR T
BR, 3 AsE) T 26.67 M 23.81 mg/L; il FH K K 5+
BHICHE AT i & s S R LSRR, H 345
IRE T 8.65 f 8.28 mg/L; BB KA K My SLAA A
A A S EASIER, HE RS ARET 4.96 X
4.82 mg/L; B 5 AT K IRy B B &
AT, HE s EsE T 2.29 £ 2.19 mg/L,

FLAR A B RS AS [F) S P LT Ay SR B S o &
HABH 5, AR R H TR M
SRR Oy e S I RERa A, LR LASIR . mnmMERR A e
TEHEEHRTIEEE. Li S22 Brorgs R, 3
T FLAF R LA R W T S W AT i
I - FUAT PR Y LT 7 R 7 e MR S i R T
AWFFRLE RN R T 2 A FLIR T R LT A T R4
HE—PER R AR, Ab Filannino 4522 il 5%
25 IR A RLIR BRI = A5 04 P A IR 1R 1 RE A 1 & it
PRFL A0 R WS , 3 T BB & Il PR ek R iR & e T

4 ARSI R B 5 A (mg/L)

Table 4 Changes of phenolics content in different red jujube juice before and after fermentation (mg/L)

- WETm JFEILZETR IR Wi AR

" BT BRI R BRI R R KRR RIS
HTZ 26.67+0.42 20.37+0.11% 8.65+0.17% 10.77£0.08 4.25+0.09"° 3.55+0.19% 0.25+0.02" 1.05+0.04"°
GTZ 18.55+0.334 16.33+£0.21% 6.55+0.13 8.12:+0.14* 4.8240.09 3.16+0.19% 0.10:£0.02" 1.13£0.06™
icz 18.84+0.15% 15.61£0.09" 6.48+0.215 8.05£0.12% 2.88+0.08" 2.11£0.11% 0.16+0.03" 0.88+0.05"°
ZHZ 23.81+0.23* 18.44+0.23% 7.660.125 9.19+0.134° 4.960.13 3.12+0.07% 0.18+0.02° 0.67+0.03*¢
NYZ 20.72+0.19* 15.62+0.14% 8.28+0.16™ 8.88+0.114° 3.84+0.09 3.10+0.08™ 0.33+0.01% 1.03+0.03*°
o P ER R FILKE Wit Kz %

A KRR I KRR I B BEEG BRE KRG
HTZ 0.560.02%° 0.55+0.014° 0.64+0.07% 0.72+0.04%° 2.19+0.05™ 3.12+0.034 0.12+0.02% 0.40+0.02"*
GTZ 0.32+0.02% 0.42+0.02 0.55+0.08"° 0.55+0.03" 1.88+0.05% 2.44%0.08"° 0.16£0.01% 0.22+0.014°
icz 0.460.04% 0.53+0.034° 1.03£0.04% 0.62+0.03% 2.05+0.03% 2.2440.06" 0.2240.025 0.48+0.02"°
ZHZ 0.7540.03 0.77+0.047 1.1240.08" 1.12+0.03% 2.29+0.05% 2.55+0.054° 0.18+0.014 0.17+0.024°
NYZ 0.49+0.034° 0.48+0.02 0.33+0.02% 0.560.09" 1.79+0.04% 2.17+0.04* 0.19+0.02 0.16+0.014°




<192 - i Tl B

2023 4F 8 A

B2, W S TR ) R . SIS R BHFLIR
AR AR PERES S T TR R MR 7 2B RE 19
AR ISR, X PP AR E T 239 o A Qi S A=
A%, XSRS G TR A R e EE R AP, ik
SN KA & Bz e A s IR TR . IR LASTR
SRR KT oL, IX R AT e BA T s bt A L
g1, B A S tETheE. g5 b, B AL
e T H T IS B AL, IX AT RESS TR T AR
AR TR PRI
2.6 EitABRIEMENEENREXMESH
AR SR LR R AT fE P EARRE T AR b an
Kl 2 B, SR R BERT AN RO S8 B R B
B i) DPPH [ LW R 8 11 (40302 62.3%
60.2%) Mt i 1) FRAP 8RB T8 i g (43 512k 4.3
& 4.15 mmol Trolox/L) . AN[E] A& % B2 )G
100 EEE AW EE KEE
90 -
80 -

DPPH H HIZEEERAE ST (%)
=

-
L

N
L

i
L

N

w
L

S}

FRAPHES Fi£J5 /7 (mmoL Trolox/L)

NYZ

icz
AN RS A R A DR AL RE 122 1k

Fig.2 Changes of antioxidant capacity of different varieties of

HTZ GTZ ZHZ

K 2

red jujube juice before and after fermentation

H: DPPH H M 2E0EBREETT M FRAP 2k & 145 77 ik
EH5R(DPPH H HALEBRAE JIHG5R T 38.2%~45.2%;
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Fig.3 Sensory evaluation of fermented red jujube juice of

different varieties
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Table 5 Correlation coefficients of phenolic profiles and antioxidant activities
E{=taN WETIR JFILZKRIR SRR IR PRI 2R IR FT Wit Rz % DPPH FRAP
WEFIR 1
JFILZEIR -0.135 1
LRIIR 0.882" -0.192 1
IR 0.125 -0.276 -0.807" 1
[TEli —0.325 0.101 —0.404" 0.368 1
FILAFE 0.887" -0.320 0.9217 0.489 0.456 1
T —0.425" -0.02 —0.636" 0.226 0.432 0.456 1
Wit Kz % -0.559" 0.245 0.256 —0.546" 0.558" 0.505" 0.455 1
DPPH -0.228 0.681" —0.435 0.850" 0.186 -0.125 0.756™ -0.505" 1
FRAP -0.389 0.553" —0.541" 0.854" 0.135 —0.265 0.805™ -0.515" 0.889" 1

H: *FR WE A (P<0.05) 5 **FR M B E A G (P<0.01) o
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