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Study on constituents of strawberry-pineapple
complex Jiaosu and its bioactivity in vitro
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Abstract : In order to make full use of the excess production of strawberries and pineapples. In this study, strawberry and pine-
apple mixed juice was used as a matrix,and wine yeast and Lactobacillus bulgaricus were used as combining starters cultures
to obtain strawberry-pineapple complex Jiaosu. After the fermentation, the chemical composition, functional enzyme activity,
antioxidant activity and antibacterial ability of strawberry-pineapple complex Jiaosu were studied with unfermented mixed fruit
juice as a control. The results showed that the total flavonoid content of increased by 63% ,and the activities of amylase , total
superoxide dismutase (T-SOD) and lipase increased from 0.076 £0.005,53.86 +1.52 and 1.31 £0.214 U/mL to 0. 086
+0.006,95.57 +4.58 and 6.24 +1.781 U/mL,respectively. The content of total sugar, total phenol, protein and protease
activity was reduced,to a greater or lesser degree,compared with the mixed juice. In the antioxidant experiment, the strawber-
ry-pineapple complex Jiaosu has enhanced scavenging ability of hydroxyl and superoxide anion free radicals, and weakened
the scavenging ability of DPPH and ABTS free radicals compared with the control. In the antibacterial activity experiment , the
strawberry-pineapple complex Jiaosu exhibited acceptable antibacterial activity against all tested pathogens,and the antibacte-
rial effect is Staphylococcus aureus (29.60 +1.41 mm) > Escherichia coli (29.33 +1.66 mm) > Pseudomonas aeruginosa
(27.67 £1.34 mm) > Bacillus subtilis (14.63 £2.11 mm) compared with the control. The development of this research is

helpful to deepen people’s further understanding of functional foods,and has certain application value for the development of
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strawberry-pineapple complex Jiaosu.

Key words : Jiaosu ; compound fermentation ; antioxidant activity ; bacteriostatic ability ; enzyme activity
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Note ; Unfermented means strawberry and pineapple mixed juice;

Fermentation refers to strawberry-pineapple Jiaosu. The same below.
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Fig. 3 Scavenging activity of strawberry-pineapple
complex Jiaosu on DPPH -

2.3.2 FEHEY RS OH A b Ay intEm

OH [ % ( + OH) J2&{ih P 5 AL~ M o fe 1
T B H 2 ERENS 5 A0 R R AR A i R



1640 KIRF=YIBE R 5T K

Vol. 33

(A R 53 I A TR B SO 2 % HILAA £ 38 e K1)
HEEE, K 4 vl o0, fESC ok BEVa BN (2% ~
14% ) ,FEEAT - OH RS BR 3R 2 Wk BEARI M . AT
BIRES X - OH [ BEHE 71 M 34.10% +0. 46% 4
JNZE 59.99% +2.16% , % i W B85 3 8 i R %
- OH [HI5RRHE 1 26. 74% +3.04% 3% 85.91%
+2.69% . Ng 25" 5% % B, 5 R 2 1k 45 4 %o
- OHAT B4 i BR AR T , HAB BRAE 7 i 55 B e
FFEA L FRILAECE AL E . R L AT R AR
P 2 R I s A B % f B T R R T 0 =A% R R
Pz b A R AT B P i 0 AR A R R P A 1 2%
YA R B2 I, TRl S 80T SRR A
TR R I AR E A B R A AR N AR e Al
KRR XT - OHRYTEBRRAE 5

4"

P R IE

Jiaosu concentration(%)
B4 ESETESAEBEN OH BREMEREE
Fig. 4 Scavenging activity of strawberry-pineapple

complex Jiaosu on - OH

3 -
S
T L
» E 40
G o ¥
3C Bb
= »
o 1 »
&
3] > *
72} > >
>
10 ] s
[
n L
2 4 1 12 14
6 2= e i
ﬁ??{:i{\n:

Jiaosu concentration(%)

5 EERTESBERN ABTS HhEMFREE
Fig. 5 Scavenging activity of strawberry-pineapple
complex Jiaosu on ABTS "~

2.3.3 EHEY A ST EAT ABTS g ik ey igik
(i
ABTS H % (ABTS™ ") ig BRI B 2 H T2

PIRE B S PTEARE I AE o FERUV AR &R v, ABTS
2SS A AR AR E Y I 2R €0 1) ABTS JK 1
P, 20 G0 2] ) H SR R R B, ABTS (19 23 €5 A8
T FRIEWOG BEREAR, WO B AR, PRtk 3 3k )
W AR A R AR B X ABTS [ H 35 (19 75 BR AR,
e NS

A& 5 AT, 78 ABTS IR IR & rp o % i A R
ot AR TR S ) B 0 35 0 5 IS TH R ABTS [ |y Jik
RENM R B3 MIRFUEREE R 2% B, K & B
BES T ABTS [ I 3EIERRZE N 9. 74% +1.60% , ifi
K B AR DE 8 A 6 ABTS H i BE A5 bR
ZH4.28% +1.63% ; HGIRFUREE Ry 14% i, 4
RERE S T BR 2R 65. 32% = 1. 06% {)358 T Hi %5 3
B 5 R BE f 23.52% £0.75% , Jiang 25"
Xof R A T 2R R R e R R T A TS I
W, 5 A S ABTS H A BRAE I A & W
FHOCHE . KTt ABTS [ i ARG Briie 1 1421k
AIRE S B S AR A G, IR L AT, R kI
FE it b S R R B S R S I A, HLR R BERE
Xt ABTS [ H (035 R B 71 29 R & I I R b 1
£i5, BT AR e G T 25 6 ABTS H i 3L BREE 1 T %
AT RE AR T  0%) A R A R TR 1 T 2 40 o
O3, BRI T 7 /N TS AR, AR
RBEFGHERXT ABTS H i HSE FREE T TR
234 EHERVALMENBREANBE T A HAEY
HIRAE R

AT B F ROy ) ME A AR AR 7
HE A R —Fh B R, nT S AR R T, B S HLA
LRI A OC, 5+ OH [ 5 /7= ) Al g 25
FECML DNA S BRI HBEIR AN ZEHLAAR o Y il
SlIE PR T, I BB 2 AT Ao 1 T R AR
B A RN .

FH IR 6 1, I o B o 35 02 5 I 3R 0 4B
B IEPREE IR TR BRI AR o SRR B
h 10% B, A J2 e R i 6T 8 S0 B B 7 I T bR oK R
26.75% + 1. 54% i I B2 3 85 50 5 T 25 AT o
REIRENT79. 2% +1.17% . K& AR B () 384 n
(20% ~T70% ) , A K TERE b X H 2 103 bR 5 1K
FRUM B 52 TE ARG, T A2 6 1 2 0 L T 8 A5 B
RS TP RORAS . YRR A B R R (70% )
B, 3 B E BR R 53 ol 45.58% = 1.77% i
98.34% +0.57% . Zhang 25" FFFEFH , bl % A IF
I FRFILBCE RN, R AL A Y ) A B S T



Vol. 33

Bl A  ROAR I R S R N MRS A MR VRIS

1641

AORE 1, JF H. SOD X5 Brl S F BS 7 A Hh Skl
AEHERZEM . d& 2 WL RS A R
2P T-SOD { S8 13 —4% , B LURE il A s %F
A B T A RS BRAE ) RIR R T 0] e A %
R A Y R A K SOD R BRI ER L 3 &
SO EVIEN I AC S 7/ (U PN ey R S S

100 |- /'7 -——— - —e—a
sl o
e
S o KJH¥ Non-fermented
g_(; 60 —<4— %M  Fermented
5 -
s o0
&8 o
= owp —
g - &
2wt
L
10 0 30 40 0 60 70

Jiaosu concentration(%)

EERTESARAMNBENEFAOENERE
Fig. 6 Scavenging activity of strawberry-pineapple

E 6

complex Jiaosu on O3’

ARHWITTER T HE UL DUl F] b 2R 28 00 A I i
4 F3 T  R  IE BR AROMU R AR RE S BT B 4z
AIBIFSE o SR, 50 BEAR L, R g 3 I 3 0 2
FIHy R R 460 B 2 el i 1 3 R RE D 0 ik, X

Kl

Escherichia coli

LRI B
Pseudomonas aeruginosa

RK %

Non-fermented

ol

Fermented

DPPH 1 ABTS H fy B (TR BRAE IS5 . B A MR
XEARTE] B FEE RO T 22 57 X2 R PR
ARG mT LA3E 5 AN [R] 9 ML, 78 52 2 ot v
A HFEM B bR, I, 7845 Fh Ak 25 DR [R] 9
2 S 7 5 1T RE S EBOR [RIRR B T Efb B 71
2.4 ESHESSBENIIEREY

QLT FrR , TR A % 0 A i 7 15
IVTARE 1M A& B S5 0 RE AR B A G R X R AT
TR 40 B 00 ) 2 K AT L S AT T R e 2 AT TR 4
— 5 R AR R, BB ROCR O A B0 2 3K A
(29.60 =1.41 mm) > K (29.33 £1. 66 mm)
> MR (27.67 £1.34 mm) > 4 B 2E JR KT
(14.63 2. 11 mm) . J P J5 FF 410 T E g 385 ]
e 5 AR BET R B IR | 2 RIAR AL S o Y 7 A
A 2 T BT RES FLR B A LA P
A= anFL R A R SRR i E AL o 2
P LA K 0 B 2R 11 A0 200 TR 3R IR SRE K ik il 5 A AR
VERIAG S Ttk df > R BRI B8 R ) R 2
FEIA: B (4 o A 2 K TR ) BT TR M, 322 2
FHHBRAEAE CRRFTEC o W 2T AR %
TR SRS ELRE A, R B, BT IR
AW TE PR AR ME 2 i SEREAE FH T 20 D PR, e L
HEIE A TR A R 2 AT T R R RO 555 o

SRR

Staphylococcus aureus

il 2 AR o
Bacillus subtilis

7T ABNRESETEABINNEIR
Fig. 7 Inhibition experiment of strawberry-pineapple complex Jiaosu on bacteria
A 10 mg/mL H R HEE;S: MG H: TTHE/K . Note: A:10 mg/mL ampicillin;S: Sample solution ; H ; Sterile water.

3 it
ARSI i LR B AN R T S A A I A I
Rt R A BRI T R e S ) SR R R A

R ORI XURARAS B T Blcst . B KIS FReil
BEAWR P BME S ERTT 15 A5, X A %
FIEAA B B 1 A i 3 0 R B8 0 A BOR R T,



1642

KIRF=YIBE R 5T K

Vol. 33

10. 4% (/)RR B 2 A REZE T DPPH H i L0915 BR
RikF] 58% , 5 Chen" 23 Y % 2 30 KI5 Y HE 45
fiz 2%t DPPH [t 3% (978 BR R A0 24, 14% (1) 585 3%
B AR - OH BT 5% & ik 88% , T Zhao'®
HRIE ) 56% 3% B RN - OH BT BRFAA 60% /2
A7, 45 Chen" X B AE I 20 K e O ) P 235 IR A
FHIN 5 Sy 165 285K 3] % 2 (8 76. 44% A 1L, P 5 o 4
HATERNFR A h 5L bR 3 5, 20% 1 Rk 3 4
T 250 8 46 B 8 1 F R B W BR FR L3k 100% |, 11
Zhao'* HiAH ) T0% (1355 4 % 2 X 48 A B 85 7 F i
FEEBRRANE] 90% , I H A &5 H T-SOD i )
BRI T —A5% , B8 MBI ) KR T, DL
W R S AR S R e R A R A L R
A WELFERR H LA EE T, REIS TE R T L 2 Oy
R RO DI, FRilE G SRR G T A M
B B PIFPK A FARRPE ORI, T DL 4 T
iR B AR DRIk Ao R ) RE I 2R k)
A NMRIEBR H 3 iR P A —
TE AR T LA Bs 25 BiF 2 RN At it 45 Sk B AT —
SERGHET P, BRI =2 AR AT B T IR AT
X RARTIREHE & S iE— 2 A,

&% 3k

1 Wei SJ, Liu T,Ge YZ, et al. Study on changes in the bio-
chemical indicators and antioxidant activity of broccoli en-
zyme during fermentation[ J]. Mod Food Sci Technol ( B4t
MR ,2017,33(8) 1123-129.

2 Qi H,Zhao JM, Gao XQ, et al. Development status of func-
tional fermented enzymes[ J]. Sci Technol Food Ind (& i T.
B ) ,2019,40(1) :337-345.

3 Rodriguez H, Curiel JA, Landete JM, et al. Food phenolics
and lactic acid bacterial J]. Int J Food Microbiol ,2009,132
(2,3):79-90.

4 Marsh AJ,Hill C,Ross RP,et al. Fermented beverages with
health-promoting potential ; past and future perspectives[ J].
Trends Food Sci Technol,2014,38(2) :113-124.

5 Chen XW,Cheng Y], Jiang LX et al. Studies on the changes
of metabolites and antioxidant activity during the fermentation
process of strawberry Jiaosu[ J ]. J Chin Inst Food Sci Techn-
ol ( FP I fh244k ) ,2020,20(5) :157-165.

6 Zhao ZQ,Zeng L., Wan Y], et al. Study on the bioactivity of
pineapple Jiaosu fermented by yeast and Lactobacillus planta-
rum[ J ]. Food Ferment Ind (& 5 5 & T.\k) , 2020, 46
(7) :110-115.

7  Song J. The study on fermentation process optimization of fer-

10

11

12

13

14

15

16

17

18

19

20

ment[ D]. Taiyuan; Shanxi University( 111 P4 2% ) ,2017.
Wei SJ. The research on fermentation process of mulberry
Jiaosu and biotransformation of anthocyanins [ D ]. Guang-
zhou ; South China University of Technology ( 1 g 3 T. &
2%),2018.
Cheng YJ, Chen XW, Jiang LX, et al. Evaluation of changes
in amino acids in fermented Jiaosu of Cudrania tricuspidata
green fruits with different fermentation periods[ J]. Nat Prod
Res Dev( R YiH 55 5 & ) ,2018,30:1402-1409.
Benefo EO, Ofosu IW. Bromelain activity of waste parts of two
pineapple varieties[ J . Sustain Food Pro,2018,2,21-28.
Dong YL,He CF, Wang L, et al. Study on the bioactivity of
pitaya enzyme[ J]. Food Sci Technol (& & FH%) ,2009,34
(3):192-196.
Yao D,Xu L, LI JH. Correlation research on antioxidant ac-
tivity and microbial diversity of three Jiaosu[ J]. Nat Prod
Res Dev( KIRF=WIWF5E 5 %) ,2020,32:928-936.
Yang XX, Zhou JC, Chen QM, et al. Changes in metabolites
during natural fermentation of apple into enzyme drink[ J].
Food Sci( i) ,2017,38(24) .15-19.
Yan S. Isolation and identification of dominant Strains of
Fruit enzymes after natural fermentation and study on efficacy
characteristics of their metabolites [ D ]. Changsha: Central
South University of Forestry and Technology ( H1Eg Ol Rl 4%
K2#),2019.
Malaterre SA,Remize F,Poucheret P. Fruits and vegetables,
as a source of nutritional compounds and phytochemicals:
Changes in bioactive compounds during lactic fermentation
[J]. Food Res Int,2018,104:86-99.
Wang H, Ma XM, Zhang Y. Bioactivity and inhibiton effects
of greengage ferment[ J]. Sci Technol Food Ind (& 5 Tl F}
) ,2018,12.39-43.
Zhang MM, Liu F,Hu KD, et al. Analysis on microorganism
index , main enzymes and organic acids of leaven food[ J].
Food Ferment Ind (/5 &1 TAlk) ,2017,9:195-200.
Ng CC,Wang CY,Wang YP, et al. Lactic acid bacterial fer-
mentation on the production of functional antioxidant herbal
Anoectochilus formosanus Hayata[ J ]. J Biosci Bioeng,2011,
111.289-293.
Jiang ZL,Liu XQ, Wang ZZ, et al. Analysis of organic acids
and in vitro antioxidant activity of grape-ferment[ J].J Chin
Inst Food Sci Technol ( HH 37 4R) ,2017,17(5) :255-262.
Zhang L.,L.u WM. Study on the relationship of antioxidant ac-
tivity with structure on flavonoids as scavengers of superoxide
anion[ J ]. ] Zhejiang Univ: Sci (Wi VT K244 B2 i) ,
2006,33.187.

(T 4% 1706 ®)





