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Abstract: Objective: To solve the problem of difficult
preservation of fresh Mulberry, fresh Mulberry is fermented by
Lactobacillus plantarum to produce Mulberry Jiaosu. Methods:
Using fresh Mulberry juice as the raw material, Lactobacillus
plantarum as strain and total phenol as index, the fermentation
process of Mulberry Jiaosu was optimized by single factor test
and response surface test., Results: The optimized fermentation
fermentation time was 40 h,

conditions were as follows:

fermentation temperature was 32 ‘C. inoculation amount was
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25%, and the total phenol content of Mulberry Jiaosu was
(43.4840. 67) pg/mL, which was 1. 62 times that of non-
fermented Mulberry juice. Conclusion: The quality evaluation
results showed that the Mulberry Jiaosu had purple red color,
uniform color, strong mulberry fruit aroma and fermentation
aroma, no peculiar smell, soft sour taste, good flavor, lustre, no
impurities and precipitation. The indexes of the Mulberry Jiaosu
meet the relevant national standards.

Lactobacillus  plantarum ;  Mulberry

Keywords: Mulberry ;

Jiaosu; total phenol
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LAl WA B i UV-5100B 8, i ot Hr 4 8%
HRRAHE,
1.3 Ak
131 REWMERMTY REBRERMT L FZEMAMHL
B SR A T AN R SR R L IR S Ay
(1) A 6k S0 7T i & DA Ab ] 42 3 [ R 43k 1 o 2 5%
FE, Al K ge T g 2 75 Y0 B IV RS I Y R A
PR LM T, 3R A S U, TE I 20 A X T 4 25 R
KRR FHEME ST 2 L MBS 8 —20 C kA
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PRA7 4 A8 PR B2 A0 1 4 C UKAR R 24 h,

(2) ARSI\ 4 °CUKAR R AF B B b %A 0
FRAEN 10 MR S m K E R LB 83 i,
180 r/min,37 ‘CHEATEE A& 1k 10 h, ¥4 7 16 4 1 18 Fh 1
UHE 1026 45 Al i 45 B oy — A B fif LB Ky 37 5L IR RE A 14
T AT IR SR B A A SR R T R R 2 16 h
A 458 1k B 5%

(3) B M & W % 060 BT & B A B T W
8 000 r/min.4 “C4{F F & .0 10 min, 37 1 & B 4,
TC v A= B AR K VR U T A 2 AT T I R AR i 22t 80 °C
B PG K T A ST A 26 A 10 mL, 3% 3006 BT T AT
Fhbs 75 R W%

D KRR G En % HREMRHE 2 hE,
W HR b 35 A Y R B0 AL 8 000 r/min,4 C B 10 min,
BEEW®T 80 CRIKMH T IR KE 10 min, ## ¥ X
FNE W ,0.45 pm B IR BT U8 5 408 B R TEIL M A B R
YOk,

1.3.2 BRHEFMAREMELRRE TZIRE

(1) J TR Ul B 0 SR 0T I e R B 1 52 0 < 9 UL B8 3
it 6 sk (28,30,32,34,36,38 °C), B FZE N
10 mL, 3 Fh & 28 10 mL/100 mL, & 8% & 7 & 24 h,
180 r/min #& R BEATH IR 4R 5 B 7% )5, BORE I 2 AN [R) 3R
TR TSR =

(2) J TR I ) XoF 8 8T JR T R B8 1100 592 U < A% % o [i])
B 6 DMK (12,24,36,48,60,72 h), FréE R E TR
10 mL, ¥ F H 2 10 mL/100 mL, & B iR FEH 30 C,
180 r/min #& R HEATH IR 4R 3% 85 5% 5, ORI 2 A )k T
I TR] R R B P S

(3) Hefpxh ST R B AR B A0 R ) - B2 Ab R LR T
6 MK (5,10,15,20,25,30 mL/100 mL) . fif 5 F
J9 10 mL, ZEEREA B 24 h, KRR E N 30 C,
180 r/min ¥ PR BEAT fH R 4 97 55 2 5, ORI 28 AN () 42 b
TR B R R
1.3.3  mapji kAL RIEEER BB L 20T AR SRR
FX B e REE A ® T EREN 3 A K, RIE
Design-Expert 13 # ) Box-betoken H.0r 2 & ¥ it 5 1
HATIRIG AL B A R B R LB T2 %1
1.3.4  RBEWR B & &

(1) B 7R o iy 2 22 i - 4 A~ 1l 30 38 G #E 4T, 76
7 MY 10 mL 1 HZE Lh A 4y 5 A TC S 0
HRE N 0.1 mg/mL MAREER B FRRE W N 0.00,0.25,
0.50,0.75,1.00,1.25,1.50 mL, P il A48 #3551 mL
BRI Lr B B 8 122019 Na, CO, ¥ 2 mL, 84l
KEFZERENWCEXNELF R PRGES . HE 34
PATAL, T FERE AL O R W 30 min JF 8 i 5404000
I T SE AT

(2) KT ATy o U 2 < B A3 30 B O AT, & i
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TR I 2 3 0 W RS HUS R sl K i B R L ZE T
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30 min J5 3 20 58 S04 606 B I E WOG(E IR R B T
2 A o T 28 0 R b Y R A
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HEIEE P B 20 mLAE R EEIFEH S . S5 EET
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HEATIEAE .

(2) Al ¥ PR 1B ¥ W E . & GB/T 12143-—2008
AT,

(3) pH {H . i} PHS-3C B2 HI == .

(4) WA H8 k5 4% GB 4789.3—2016.GB 4789.15—
2016 $hAT.
1.3.6 BRI W BT R AR E I 2R 9 EE T Excel K
PEEAT 222, B PR e s ] e i 3 SPSS 22.0 #E4T
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Figure 1 The standard curve of gallic acid
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Figure 2  Effect of different fermentation times on the

total phenol content of Mulberry Jiaosu
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MM EAE N, EH 2 mas, MR
30 mL/100 mL B £ 38 W 2 9 0 B & = ik B i K fE
(39.68 pg/ml) , 3 B A 9 ZLAT o8 09 AR A B F B i
&,
2.3 MR RIS

R B PR 2 3 0 25 SR, men 7 TR 30 PR R KO A T T
F1RB BT RAERILE 2, F 2T NE S,

VIZRIERER G & 2 46 4n . 15 B R & & (YO X R
TR IR] CAD L 2 BT BE (B R R FP i (C) B — IR 2 300 1] 1
FR

Y= —803.151 000+ 5.573 790A +47.176 120B —
0.646 175C—0.094 062AB=+0.009 313AC+0.044 000BC —

0.036 132A* —0.707 625B* —0.022 555C*, 1
Fx1 WMEERKEFEZRKERBR
Table 1 The coding table of response surface
experimental factor level
AT A %’i@’?ﬂﬂ‘ B & I i C it/
& /h JE/C (10" 2mL + mL™ D

—1 24 30 10

0 36 32 20

1 48 34 30

*?2 REBENEARBZITRER
Table 2 Response surface experiment and results

of Mulberry Jiaosu

=2 A B C S/ (pg » mL™1)
1 -1 1 0 30.83
2 0 0 0 39.96
3 1 0 1 36.92
4 0 1 —1 31.02
5 -1 —1 0 29.69
6 0 —1 1 37.58
7 1 1 0 30.26
8 1 0 —1 31.88
9 0 0 0 39.39
10 —1 0 —1 30.93
11 0 —1 —1 34.35
12 0 0 0 40.53
13 —1 0 1 31.50
14 0 1 1 37.77
15 1 —1 0 38.15
16 0 0 0 39.87
17 0 0 0 41.58

REAE EYNIARABREBEIZAAURRETN

®3 EMEERNAEEFESTREEERRE
Table 3 Analysis of variance and significance test of

total phenol content regression model

WERIE FHA AME ¥ FE P BEME
TR 282.09 9 32.34  30.82 <C0.000 1 x x
A 25.42 1 25.42  24.99 0.001 6

B 12.23 1 12.23  12.02 0.010 4  *

C 30.38 1 30.38  29.87 0.0009
AB 20.39 1 20.39  20.04 0.0029
AC 5.00 1 5.00 4.91 0.062 2

BC 3.10 1 3.10 3.05 0.124 5

A? 113.98 1 113.98 112.08 <C0.000 1 x *
B? 33.73 1 33.73  33.17 0.000 7
C? 21.42 1 21.42  21.06 0.0025  *

E T 712 7 1oz
2 LI 4.30 3 1.43 2.04 0.250 9

AR 2% 2.81 4 0.70

BARS 289.21 16

T s RAMBEER(P<0.0D); *x ERBFERF (P
0.05)sR? 0.975 43 R34 0.943 75 Rbrea 9 0.746 6,

MF 3 AT LA W, Wi R I A S AR ) F O
30.82, H P<C0.000 1, i B i iz 18 328 56 vh iy R P A — A
T B35 L (F 52 2,04, H. P=0.250 9>>0.05) &
WE LR RE(C.V.Y%) N 2.85(<C10%) , 156 W 12 1 7 T
TR B0 v BT SR B A T 05 A B R AT R T LA A Y
B A M R AH G R B RP 2 0,975 4, U6 B % ) B T 4t
BB R 5 S BRI LA BT, L BRI 30 T 29 97.54 Y 19 45
SA] DL o LG 0 R R R AT AR R, RIE S MU E R
RigM 0.943 7,5 R* M 25 78 K, ud B A58 0 L A5 off: off 1k
T I UG ORI AT W] R 43 A 10 L R T R R SRR
FRB T2 &S50, 34, I A” X R BN &3
T 2 0 R I AR W3, — IR ALBLC ORI B
AB, I B \C* A R 35, 22 B BCLAC [ 1 A
B3 RS ) 52 ) Ok T A 58 0 I8 3R B I % e A TR 3R
JP ol COER ) > ACE BERT B > CORBERED .

& 5~& 7 W, & B E 5 & B E] 0 38 5 AE T
SPERER D hE 00 5% A d K, R TR B R] 4 A o 0 28
HAERM REMRE LB S RAE MK Z, EBRE S8
Tl A 19 28 BLAE X S F0 I 3K R 5 1 S AR B

Xof 1m0 09 T R SR R G L A5 L S R R R L R R
B[] 39.30 h K BEIREF 31.48 °C M & 24.51% .15 5]
FIRERBRREESm S ER 41.11 pg/mL, ZH % @AY
AR A AT B AR N R B L & B IE Dy R A
40 hoREEIRE 32 C JER & 2590, %00 & WSk (R kAT
SPAT L B0, M B RERER MY Bl & iy (43,48 £
0.67) pg/ml. , 5 1 B T A Y () T 00 1 AH 3, 26 W A Ak A5
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Figure 5 The interactive effect of fermentation temperature and time on the total phenol content of Mulberry Jiaosu
30 -
g
£ 2 i £
s E £z E
Tz 5L
£ R
°Fh =
== A 48
25 %6
; Ing,. C#% 15 30 Dot
36 48 Mocy), ,fﬁ/"f‘ 1024 ,ﬁ@ﬁ““ el
A R (10 " Vo, e
L 11}1 e/ (“‘e,\
Fermentation time/h my, y e
(a) AFrpgele (b)) mi o i P
A6 AMEMbEBEAIdEERTEHREITHILY M
Figure 6 The interactive effect of fermentation time and inoculation volume on the total phenol
content of Mulberry Jiaosu
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Figure 7 The interactive effect of fermentation temperature and inoculation volume on the total phenol

x4 REBENEULER
Table 4 Physical and chemical indicators of

Mulberry Jiaosu

a5 SR/ I T R A OH fi
(pg s mL™1) /%
E sy 26.8440.71 7.614£0.12  4.854+0.01
FEIRAE R 43.4840.67 5.36+0.16 4,0840.01
PR fETE bR - 5.0 —
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HITEALRE S . whbe = U B oT e IR IE K BT B 9
ZYp i x DPPH H H k% Br 2 b & BE R A9 (45,97 £
2.23) % B FE R EH(59.0143.59) % (P <C0.05); ¥ £ A
H 9 B Rl & 2 AT AY (68,68 4 1.23) % I 3 2 F
(78.55+0.57) % (P <<0.05), KM 5 RERZ pH |
AT ARG R B0 B 230 A P TR, RUIZLIRTH &
Pz Bt A QA FH 7= s FLRR SO0 & VR Y pHL (i R I &
ERER T EE RN 5.36% .44 GB/T 31121 —
201 AR B T 25 B HORE ) Hh . A e R T 0 R P IR
YKTF 5.0 % M bR,

2.4.3 WAEWENR REBROBEWISRILES,
x5 REBZENREMIER

Table 5 Microbial indicators of Mulberry Jiaosu
WK BB/ KB/ (102 A/ -
415 oW

(CFU-L ') MPN+.mL ') (CFU-L™1)
REMWR 5041 A A F R 54 N ]
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311212014 S B8 7F 28 L HAKCRL ) Al GB 710120224

N EL Y W L ES
3 i

LT 6 52 00 g JRURE AR AT TR O AR 5 T R, ST
SRR S R T e N R S I R TR R
BT 20 W0 I Ak R T2 4 o R ERT AL 40 h, &%
W 32 C R 25 % WA T2 FTHMBMEERER
B R A IR (43,48 +0.67) pg/mL, &K & K B 5 HE
162 f5 . BUEITH SRR MMM RERE S
AL BN AWM R ERTM A BN E K, L
SR TRIRZE AL, RUBR AT s TE A BT, A 068, TTULVE ., &5
ERERIERSF A GB/T 10789—2015¢ 4 k@ Wl ), GB/T

311212014 S B8 7F 28 R HAKEL ) AT GB 7101—2022¢ 1%
R EEFERE RB) B AR . SR SRR X B 2 Y

J3t 2L S ek LA R SR B T R o O A R I ok — 2P RO

£ % Uk
[1] 2/, 8%, B, & RE LR RN BRI P ER
3, 2020, 40(7): 44-46.
LIY C, XU F, YAN Q Q, et al. Research progress on fermented
food of mulberry[J]. China Fruit & Vegetable, 2020, 40(7): 44-46.
[2] #hc A, w7 2R R R % 1 B O AR [9]. v IR R 3, 2015, 34
(8): 160-163.
XU J, GAO M. Optimization of fermentation conditions of mulberry
vinegar[J]. China Brewing, 2015, 34(8): 160-163.
[31 385/ AE, TR, BRt, 45 PRI M ERE T2 LBk
Al K224, 2018, 45(2): 201-207.

REAE EYNIARABREBEIZAAURRETN

XIE X H, ZHANG L L, CHEN Y, et al. The brewing technology of
mulberry wine[J]. Journal of Anhui Agricultural University, 2018, 45
(2): 201-207.

(4] 227 SRHE M B LA A 0y 0 58 R 3 4R D R 0 i 0RO PR T 5
[D]. B FH: S IIE K2, 2020: 10-11.

LI R. Preliminary studies on the immunomodulatory effects and
antitumor activities of Mori Fructus polysaccharides and their
derivatives[D]. Guiyang: Guizhou Normal University, 2020: 10-11.

[5] i, REF, SR, 55, PR B A b BAL S A Bt A AL
I PR ZE AR ). oh [ AR, 2022, 41C11): 84-88.

WANG S, SONG Q, FAN Y, et al. Changes of physicochemical
indexes and antioxidant activities of mulberry Jiaosu during
fermentation process[J]. China Brewing, 2002, 41(11): 84-88.

[6] # =~ iR M Wy & I AR 3R D). P I kAR 25 22 A0 K, 2019, 31
(11): 1 356-1 365.

HU X Z. Plant fermentation and Jiaosu[J]. China J Microecol, 2019,
31C1D: 1 356-1 365.

(7] SZ Bl HE, FRERTA, BRI . 5% 000 P i 43 B O BUAC & b R R F

FEHE R [T, ¥ B T2 B 2 4R, 2021, 30(5): 9-14.
PENG K X, ZHENG Y H, CHEN X M. Research progress of
Mulberry active ingredients and their usage in modern food
development[J]. Journal of Huaiyin Institute of Technology, 2021,
30(5): 9-14.

[8] ST, iAW I, AR, &5, B R p Bk 5 2E R (], & R
H, 2021, 46(12): 116-122.

TIAN W J, WU Y S, WANG J S, et al. Research progress of fruit
and vegetable ferment[J]. Food Science and Technology, 2021, 46
(12): 116-122.

[9] KAPRASOB R, KERDCHOECHUEN O, LAOHAKUNIIT N, et al.
Fermentation-based biotransformation of bioactive phenolics and
volatile compounds from cashew apple juice by select lactic acid
bacteria[J]. Process Biochemistry, 2017, 59: 141-149.

[10] WA IR, ARCER, R T5 48, 45, REIRRE R 09 K 9 T 200 1k & H
3 26 Ak 45 W A= W AL A3 M [0, R R, 2019, 38(7): 95-99.
PAN Z Y, LIN J M, DENG N Q, et al. Optimization of
fermentation process for longan ferment and biotransformation
analysis of its phenolic compounds[J]. China Brewing, 2019, 38
(7): 95-99.

[11] #hbe =, BRI ie, WA %2, 45, S 80 R EHT )5 19y 28 4 il A% fb &

HBU A AL TE 5 BT [J/OL]. & & Tk BH . (2023-06-20) [2023-
08-25]. https://doi.org/10.13386/j.issn11002-0306.2023040005.
HAN X Y, TAO Y T, ZHAN J Y, et al. Analysis of phenolic
composition changes and antioxidant activity of mulberry before
and after fermentation [J/OL]. Science and Technology of Food
Industry. (2023-06-20) [2023-08-25]. https://doi. org/10. 13386/j.
issn1002-0306.2023040005.

203



