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Abstract: Lactiplantibacillus plantarum was used to ferment the Sanhua plum juice. The optimal process for
Sanhua plum juice fermented by L. plantarum was established by screening the protectant of probiotics and optimizing the
fermentation process. On this basis, the fermented Sanhua plum juice was stored at 4 ‘C and 25 °C for storage experiments.
Results showed that the optimal protectant of probiotics for the Sanhua plum juice fermented by L. plantarum was isomaltose,
and its optimal addition amount was 0.50%. The optimal fermentation conditions were as follows: inoculation volume, 3%;
fermentation temperature, 37 ‘C ; rotation speed of fermentation, 200 r/min. Under these conditions, the number of viable
L. plantarum in the fermented Sanhua plum juice could reach 10° CFU/mL, which was significantly higher than that in the
fermented Sanhua plum juice before optimization. The number of viable L. plantarum in the fermented Sanhua plum juice
stored at different temperatures was 10’~10° CFU/mL, which met the requirements of probiotic fermented juice. During
storage, L. plantarum could consume malic acid in fermented plum juice to some extent, and metabolize to produce lactic
acid and acetic acid. After 28 days of storage at 4 “C , the content of soluble solids, content of total phenols, content of total
flavonoids, content of total anthocyanins, ABTS"- clearance rates and FRAP of the fermented Sanhua plum juice decreased by
0.20 Brix®, 3.71%, 1.52%, 30.52%, 6.22%, and 0.08 g TE/L, respectively. However, the contents of soluble solids and active
substances and antioxidant activity were all higher than those of the fermented Sanhua plum juice stored at 25 ‘C . Therefore,
in actual production, the Sanhua plum juice fermented by L. plantarum is more suitable for storage at 4 °C . The results of this
study provided a theoretical basis for industrial production and application of Sanhua plum juice fermented by L. plantarum.
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fermentation of Sanhua plum juice

W 5E A INAS ) 2 AR TR PR AP 77 = e 2= B R et
%%EPB’J%E%?LHI{EI%&, W gs B 1R,
SRR, TERBERIET 12 h, 5ARWS N34 5 Ry
FIEIXFREZHAR LG, 6 FhAS [F) (1) 2 AR 1 AR 3P 750 4
FUAF B 1A K3 AN R FE B R B E A, S 7R 2R A0
MW A AL g5 6™, R 12 h 5, BEER
P I TR R S, AN [R) 2 AR B R 7 A 7 LA 1 A=
KR K 2. o, KRREZFE
BT R 0 = 2= Bt P AT W AR KB
BORMRREE R, WK SR = 22 2R e R
WONWIE, 7EREFE 48 ha, HAEYFLA B EEUE

7.50x10" CFU/mL. Ktt, %A R 25 MiE i
WIFLRT B R P = AR 28 S i B 2 A B R 7

22 BHEERLE

DIMIC SR 53 22 2 B AE R A AR 7, 0 O
I = e g I S R ) LA TR B R S L s
M (B 2a). 5 RE N3 A B R4 7 o6t RRZE A L,
I =128 B R 0.50% A1 0.75% K K 57
ZERERT = e U I ST AR R ) LA TR B R A R
KA EEMREER. Hd, 0.75% B4R 74 0
B AT 0.50%, 1 5 & AR 3 70 s
AR M IAT R IG5, B, &
0.50% (LA=4HEZR maETh) NIERER R ZFREMN
BRI .

BoJE, 7 ilihas 7R a . R BRI R R
TR = B2 T S AR ) LR TR B VR U R
M. BH P 2b P, ARSI L R AR A FLAT
T B K K A A i B S IR 4k B TR R A
ke, TR SN =R AR 3% B, 3L
B V& MBOE B B KAH 7.76x107 CFU/mL. X3 W24
EAwmm T 3% i, =R R g IR T RE AN
B A ARG = P AR 2R TR R 2 DA ) G o e A AT B
A, i == Rl v v (R A LA T 1 7
R o IX 5 5 PR 5 PO R F LR T A T S M A R
A4 e 7L T A T T 0 o G i g L AR
AR, XrlRea T Rl 52508 &9+
8 FE R = e A R B = E HA)46 pH EE
. BEREFTAREMAEK. B 2c R T KB
TR X = A i I R AR R ) FLAT TR A R A B s
W, BERBEREN BT, =R R Y AT
R TR T A SR R s, 7R 37 CHPRE
e KAE 7.57%10" CFU/mL, 2 Ja b8 R R E 1 T,
A FUAT B B V5 e B0 T T R

T FUAT TR A S B o A T 2 el P 14 o 2 B0
do BTG R BRI, TR R FERE N 200 r/min Y,
— AR I F R ) FUAT T TR VR S O B B KA
9.18x10" CFU/mL (& 2d). XK AER B RET,
Tk B 0 A R A LT 1 S 7840 MR SR
FRRGy s R BT ) A A LA B AR K AR
Y, MR E AR KB, AR FLAT R B 7 4L
B, AEI v A B S 2% B o T A 4 B it R LR M 3
155, ARG T A A 1 A 1, s Lo T2 IR
W HE 3%, 37 ‘CHI 200 r/min AAEY) AT B K
ARSI AR R R ERR AR B R R

105




MR EmEHY Modern Food Science and Technology 2024, Vol.40, No.3

a 9.0x107p BRLE, BRI 3R St SR S 24 o AR TR AR B VR
S 72107 INEN 0.05%, HEFE 3%, REFEEN3TC, K
£ REEE AN 200 /min I, DAL= H2E R IBEE R 0
B 5.4x107 = s
S R UK 35 T BG4 BB AR
B 3.6x107 .
2 23 EXER
i 1.8x107
F1 EXIWEREAKFER
0.0 0.00 050  0.75 1.00 1.25 1.50 Table 1 The table of factors and levels of orthogonal
25k TETRIIE: /% experiment
BE
b 9.0x10"( P : ‘
A(3EFZ )% B( L BERE ) C C( K B45i2 )/ (t/min)
o 7.2x107
E 1 2 35 150
5
g S4I0 2 3 37 200
ﬁ 3.6x107 3 4 39 250
& 7
W 1.8x10 ® 2 EXRWZITER
00 Table 2 The orthogonal experiment design and results
' 1 2 3 4 5
*
BRREL 1% Br T h - HEE
P A(# B(A® C(A® D(ZE (x10' CFU/mL)
c 85x107F E) RE) ) 7))
g 6.8x107 1 1 1 1 1 5.66+0.28
=) 2 1 2 2 2 7.58+0.11
5 s.1x107
Z 3 1 3 3 3 4.93+0.05
& 7
2 3410 4 2 1 2 3 6.55:0.00
& 17310 5 2 2 3001 7.29+0.08
0.0 6 2 3 1 2 4.74+0.10
33 35 37 39 41
RRHEE | C 7 3 1 3 2 5.90+0.16
8 3 2 1 3 6.60+0.06
d 1x10° 9 3 3 2 1 4.35+0.50
2 a0 K1 1818 1812  17.01 1731
o)
@ 6x107 K2 18.59 2148 1849 18.23
By K3 16.85 14.03  18.12 18.08
1 4x107
B k1 6.06 6.04 5.67 577
B o207
k2 6.20 7.16 6.16  6.08
00 100 150 200 250 300 k3 5.62 4.68 6.04 6.03
REFHR /| (t/min) R 058 248 049 031
2 REREZFREIME, BME. RBEE. RXEBE B+
oy — R . — " N B>A>C
EX = LR HEYIREE S H2m o R
Fig.2 The effect of probiotic protective agent addition. RAE BAC
inoculation. fermentation temperature and shaker speed on 7R v
Lactiplantibacillus plantarum colonies in fermented Sanhua E: Kl K2, K3 5 A RE TR K 3k BEHEZ A,
plum juice kLo k2o K3 2 AR RFIKFHME RS E, RARKT M
E: AR EFERTAREREEF (P<0.05). (R= R KIHME - 318,

106




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.3

MR R R RIS R, EiEME. KR
JEE AR T B Tl = A S A A L AT B R e R T G
KA R ® I ERZ SRR KR (R 1D, A
IEARR LW Ly (35 B #EAT 1558 S 56 3 X e 45
RHATZE DN (£ 2). T3 NIELL N ZE45
ik,

2 Al A, =/NSEIGH RN =R R
AR FUAT B B VR S B 2 e B R B NMKIRON
KEEERE B)>EME (A>KEEE (O, &
RAAN: B,AC,, BITE 37 C. HHhE 3% fEkH
200 r/min FIRIEZEAE R, ARSI R EY)
FUAT TR B V& e BB 8 18 B e = 7K P o

® 3 EXTRHENTR

Table 3 The table of variance analysis of orthogonal
experiment

A& BEFHA ABE ¥F FI4 P 2FH

A 5.89x10" 2 295x10% 540 0.16

B 9.31x10" 2 4.65x10" 8536 0.01  *

c  3.12x10° 2 1.56x10° 2.86 0.26
(;2) 1.09x10" 2

E: PREAEFEF (P<0.05).

N TR IRAE IR SRR S5 B, kAT 77
ZONT, TG RWER 3 Fron. HERAE, TR
AESRIG I AN, R BRI R S 4 R A
BREMEEW (P<0.05), Py K R T4
R WE T . %545 R SR E TS
SR A —EUE.

Rltl,  FH PR 2 SEE6 A EAS RIS A A 45 SR mT 4,
TN R R P = e R s R B S - AR
RFZFPEININE 0.05%, EME 3%, KIFRE
37 °C, KEEHEE 200 r/min, oAbk BEER EXHEYIFL
B AR AT R B PR RS
24 EREEIIE AT

X TE A2 A5G () &5 R AT IS UE o b (13D =
22 I IR0 0.50% KSR = 22 28 0, Hefh &N
= ARIR) 3%, KIFIRSE 37 C, KIEEF IR
200 r/min B =44 B K 48 h, R R E
YA IS E R MR & T =R
T Y FUAT B S 1 $0A 8.08%10" CFU/mL, FLiH
VLT TR B AU 2 v TR SR A R B = AR A R
e KAL) FLAT TR R

5.45%10"

9x107 -
8x107
7x10" 1 b
6x107
5x107
4x107F
3x107
2x107
1x107

0.0

a

B 7% 5% / (CFU/mL)

LILaE SO LA

S
B 3 TRIABFMH T EERBRTHNEYITEEE S
Fig.3 Lactiplantibacillus plantarum colonies in fermented

Sanhua plum juice at different fermentation conditions

E: AR DB FRERTAREMNEF (P<0.05).

2.5 TR R A AT R B = AR R IT
i i B %

251 ERMMZLELBRTHEDIAAAER
HALTHEMETHETHTA

a —m—4C
2.0x10°F a —e—25C
— a
E a E a
= a p— Ll
D 1510 g ® )
g a a
= b
£ 7L
£ om0 E\\\m
2 7
C
E ool \\\1
1 1 1 1 1
0 7 14 21 28

133}

13.1}F

13.0}

129}

ATV A & B Brix® o

12.7}

0 7 114 21 28
Ve 1) /7 d
4 AECHERE T =Z4£FRBRTEVITAEESH
EEMREERYSENEN
Fig.4 Changes of Lactiplantibacillus plantarum colonies and
soluble solid contents in fermented Sanhua plum juice at
different storage temperatures
A AFNE FER TR — KB R KB A
i £ 7 (P<0.05),

107




MR B

Modern Food Science and Technology

2024, Vol.40, No.3

W= REERT 2 BIAE4 CHRI25 C R
JE 28 d, I 5 JHCE IR B 1) P AR 4 L AT TRV B AR
(H42), iR ER, =HF R P EY AN EIE
BRI 4 CICRIY IRl ReE 4E 72 10° CFU/ML, A
DL EERAL ;76 25 CHRIIRE T, =B 5t
P AATENEE T 7 d )52 B T B,
WK 28 d Ji, LR IR B S HEE0H 10° CFU/mL
FBEE] 10" CFU/mL, (B4 2 28 4 1 Bt b 2 AR
TEA I =10° CFU/mL (R,

P 4b o5, 44 CHI25 CR) =4k
P RV [0 PTAP  T4  f  EE (] 35 R I T B
ke, B1E 4 CIREE NI = E2 kBRI
AR EE N RS 25 CIEEAE RN
218, W28 d 5, 4 CAHI25 CIRit =%% kK
P S ) mT v R T T & 4 ) R B T 0.20 Brix®
A1°0.41 Brix®. XTF[He2HKINTE 4 'CHI 25 CRE T
AR T B R R A LT B Y DR B — o AR
REJ), RRMETHFERIT RIE IR, [ =R R
BT A M A R . o, 25 CIE
SRR R PSP & B T AN
F, XRPHEREHEERE (25 C) FREYIFATEGE
il A 45 5 v (AR 1 E R [ B ) P REE 2
B FRY T, FErT I M T & & T R R AR,
X5 S BR A AN FLIR B R R R R B AEAS TR
P A ] nl AP E Y S 28 TR
HTHEREEY S RBENESE, £4 CEHRT,
1E 28 d iAo I A B S [ T v 1k [ e &
&2 NFE 0.99~1.30 Brix®, i 25 C NI KT R
AT R T 1.91 Brixe™Y,
2.52 IR 4K BERTpHIE . T AR
e RLE AT

15 4 CHI 25 CHIWEIE T, —HFREERIT
(1) pH B R0 AT ¥ 58 R 7 5 20 ol S B0 o A R I AR 4
(] 5a. 5b). BlAE WS RIFDLEK:, 4 C R
() = e W R R E R AT R R, pH HIR
W BT, M 25 C R I = AR R B R AT 9 TR
TRIZE BT, pH EHIZHT F R, TE 4 CHRI R E
T, SRR BRI € IR A & 0.61 mg/mL
N F% 8 035 mgmL, pHEH 6.55 L F+8 687 fE
25 CHIN R E T, —Has kiR T e iR & &
i 049 mg/mL b7+ %| 445 mg/mL, pH{H M 6.32 F
B 473, WFFCRM, W FE A FUAF
RSBy B, BRI pH H Y.

108

a 4°C
69} a a a
- & 106
=)
6.8 £
40.5 @
o —=—pHfH E
T 6.7F 3 % >
& e THER s
6.6 b g
' ,\}/E {04 =
6.5F 1 1
! ! | | | 0.3
0 7 14 21 28
g R) / d
b 25°C
661 a a 148
: &l
6.0} 13.6 ED
.“ml ~
= —=— pHIH I
BOSAr e 124 &
i d J12 E
48 —d =
42+ 10.0
0 5 10 15 20 25 30
TR ] / d
C 4°C —a— ¥
15 —e—qg*
a a
o > a b*
13 T2 4
Z ) \g
i
'tEJ sl a a a
a __a b b
s —a a -
—
3 C 1 1 1 1 1
0 7 14 21 28
e g 1] / d
d »p —=L* 25°C
—e—g* a a
b//I———I
181 b* &
14l i\/
b a
= b
'tEJ - C
d d b i
7k d d c___—_i/
4L
0 7 14 21 28
TE A 8] / d
B 5 AEMEEBEE T=4%FELXERET pHE. HEHRIE
REBEENTL

Fig.5 Changes of pH value, titrable acid content and
chromaticity values in fermented Sanhua plum juice at
different storage temperatures

E: AR AE FE AT E) LB R A 2 E M
£5 (P<0.05).




MR B R

Modern Food Science and Technology

2024, Vol.40, No.3

HWAFREY, fERT TR 2k B
WERR SRR NS pH AR TP, XA RE R
S A 22 b R K e I RE X AT I A R 1Y) 9 A
RITE =128 e F Ryt k3 |), LR & pH {H A%
A A 0 LR TR A B AR R AT BR MR 7K A 1 A 2
TER LA E . B THEYIATEE 4 CESREE
55 55 IR AR 1 DA A SR v H BR A 7K A e R 0 T i e
FRICVHAE, PR 2R ) RAUE A = A2k e vt
AE e 2 N, pHE LT, TAE 25 CRII
BET, BT EYI R AEE B, HARE
7 AR B AT E R B B TR M K AR A X R e
FRIVEFE R, WUHEE W [ 2B, Byl
FERREEM, pHE TR,

BIEEMNES R ER, 74 CREmE =%
ZEHH L (R, a* (L04E%). b* CGEIEE)
{EL il e B ) 1) ZE i T B, 7E 4 °C TR Ik =
HeZR I FL L, a*, b* (B BE I JEET 1] 1 28 Kz T 1
Ty Rt BUEIRE ) A R e L e AR
T FLAT B R B £ ) e ot R At R AR R B T
pH {H F 5 L a* b*fH _ETHRB 22, wF %
MH, & pHE F AL G BT 450 f v B r 21 &
AR RN TC R, TR pH AR IS U 5 g T 51
e E EfReEmE e, mE scnH, 4 C
g B) = AR R T R & AT R %, HR
[R 7] B8 A2 pH E I A W7 b -6 A3 16 (1 12 Ok 2 5L
JEAGER KB BRE 1. A, By RAE— RS R
N, e AL AR DL AR M R B e e R
Wk it P AR B, R R R A S
Lrtt, B EAR R, MLE 25 C I iR E
T, BEEW G AR, ARSI 1S
{EIZHFE, FHESRRE. 2060 K o 0 fE i i i K
(K 5d), BBtz m =204 O E O AR,
TR AR 1) 32 B R ] ] e A = A R Ry AR
1 LR JTRE S pH B AN T B 15 21 1G58
253 ERME L FLERITANKRESZH
A

WAL REH, AEFLAT B RE S T FESE R ALt
ARSI RRR, A E LR A 2 R
Wsek BAE], A4 R EE R PR R AR 4R
R E 6 Frax, BEE N T, =4
ZER R R SRR & B N, AR IR
iz ET, BAE25 CHIEEIEE T, SFER®R
TEMTEFEEER, DLRARA LRI _E TR

T4 CRg R, R ifr&ig. &l 6a fE 6b
A, FEWIEGRE N 25 CRF, =2 KREBERT TR
TR AT B 1) P S SR i AR 7 A L 8 ) e ) 6 L
4 CIFRITPR, 28 d WIS R )E, SERRERET
B 7 2.30 mg/mL. 28 d W4 5, 4 C R
L P = 2 T Bt 1 S SR R R FL R 43 ) T B AN
BnT 0.56 mg/mL 1 0.76 mg/mL ; 25 C I i [
SR R T SR I S SRR RN AL R 4y ) T R
7 0.76 mg/mL 1 1.82 mg/mL, Hp=4 | K& LK
(K 6¢).

q 307
’g 24}
&
£ 18t
i
QI12
\g%
S
506
00— 7 14 21 28
T R / d
b 154 —m— 47T
—=—25C b &
5 140 rad
g C//
£ A
£ 1267 a
a
ﬂ?ﬂ 12} / b
& // c C
&
! 9.8 d/
(S
0 7 14 21 28
e ] / d
Cc 52F 4C
S s —e—257C i
— A
: I
E 37t e
i a <
41 3.0}
b o
N g a
22} e><a . a
1
1 1 1 1 1
0 7 14 21 28

TR A / d
E 6 ARMEIRE T =EFLBRTHEIRIENETN
Fig.6 Changes of organic acid in fermented Sanhua plum
juice at different storage temperatures
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Fig.7 Changes of total phenols, total flavonoids and total
anthocyanin content in fermented Sanhua plum juice at
different storage temperatures
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