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Abstract: In order to promote the industrialization of Lactobacillus plantarum BF 15 with multiple probiotic properties
(such as immune regulation and cholesterol reduction) from breast-fed infants with clear genetic background . In this study, the
medium components and culture conditions were optimized through single-factor combined with orthogonal experiments, and the
lyoprotectants were optimized through single-factor experiments combined with specific formulation ratios. The results showed that
the viable cell count of BF_15 in MRS Medium was 2.30x10° CFU/mL. The optimal medium composition obtained through single-
factor combined orthogonal experiments was: fructooligosaccharides, 30 g/L; nitrogen source (soy protein peptone:yeast extract=3:1),
30 g/L; sodium acetate anhydrous, 6 g/L; manganese sulfate, 75 mg/L. Under these conditions, the viable cell count of BF 15 reached
6.93x10° CFU/mL. The optimal culture conditions: inoculation volume fraction, 5%; incubation temperature, 33 °C ; initial pH value
7.0; dissolved oxygen level, 0 r/min. Under such conditions, a viable cell count of 8.92x10° CFU/mL was achieved, which was
3.88 times that before optimization. The optimal lyoprotectant formulation was: skim milk, 100 g/L; bovine serum, 10 ml/L;
sucrose, 80 g/L; sodium glutamate, 20 g/L; yeast extract powder, 15 g/L; Tween 80, 10 ml/L. Under these conditions, the survival
rate of BE 15 was 90.57%, with a viable cell count of 2.45x10'° CFU/mL. After a storage at 4 ‘C for 56 days, the survival rate of
the freeze-dried bacterial powder was 82.35%, with a viable cell count of 2.02x10'" CFU/mL. Following the gastrointestinal fluid
treatment, the survival rate was 69.70%, with a viable cell count of 1.41x10'° CFU/mL. In summary, the high-density culture of

Lactobacillus plantarum BF 15 was realized and highly viable bacteria preparations were obtained, which provides solid theoretical

2025, Vol.41, No.11

support for accelerating the industrialization process.
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Table 1 Orthogonal test factors and level design of medium

components
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1 20 20 5 50
2 25 25 6 75
3 30 30 7 100
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Lactobacillus plantarum
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Table 6 Effect of different mass concentrations of soybean
peptone: yeast extract (mass ratio 3:1) on the viable counts of

Lactobacillus plantarum
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MnSO,-H,O Jii & I £ 4 0.06 mg/L I}, 4 4 FLAT H
NCU001929 % # ¥ 75 4 4.85%10° CFU/mL. £ 2 Hff
5t 1, MgSO,-7H,0 Fl MnSO,-5H,0 ¥& 5 A2 3| i 3 (1)
MR o 454 M 7T, Mg 1R 2 BRI aE 771»
St 7 A R AR s AR = e — e MR A s Min™ Jl i
R T e G B 3k — 25 R 5 T IR R 3 LR (AR 1 i
7, M AR, PR, AR5 k5 E 5
PER™. Rk, % &K 200 mg/L MgSO, 7TH,0
F175 mg/L MnSO,-5H,0 ¥ FLAF B A= K 1 i il
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Fig.4 Effect of micronutrients on the viable counts of

Lactobacillus plantarum
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Fig.5 Effect of buffer salts on the viable counts of
Lactobacillus plantarum

2.1.5 A E R HAL

BRI AT R A T th, R T 4R,
FHAR 22 R AT, O6f AR A0 L 181 A IR 00 1) i [ 3R
FXRAB (KEEHEAM: BEEEREL 3 D>A (K
BEB)>C (KB >D (s ;. mE 87
ZEMT AR, KR, SR EE. LK LM
i R A R4 FUAT B BF 15 AR AR 3E 10 52 i . (5 3
(P <0.01). BF_15 1t fk $% 77 3 5l 73 4 A3B3C2D2,
B SR SHE 30 g/L. &RIH (KGEAW: BRERE
b 3:1) 30g/L. To/KZEREN 6 gL RFREL 7S mg/L. 7EIL
MACSEAE T, FYFFEEEECN 6.93%10° CFU/mL.
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Table 7 Orthogonal experiments results of medium components

s A( 4@? B( giﬁa C( Zuc D( FRER ERH
ZAE)  RR) CTE4H)  4)  /(x10° CFU/mL)
1 1 1 1 1 420 %0.00°
2 1 2 3 2 5.60£0.17°
3 1 3 2 3 6.20 £0.20°
4 2 1 3 3 5.60 +0.30°
5 2 2 2 1 6.10 £0.26°
6 2 3 1 2 6.50 £0.10°
7 3 1 2 2 6.53 £0.35°
8 2 1 3 5.77+0.15°
9 3 3 3 1 6.40 £0.26°

K1 16.00 16.00 16.50 16.70
K2 18.20 17.50 18.50 18.30
K3 18.40 19.10 17.60 17.60
k1 533 5.33 5.50 5.57
k2 6.07 5.83 6.17 6.10
k3 6.13 6.37 5.87 5.87
R 0.80 1.03 0.67 0.53

ER
B>A>C>D
A% ¢
R ot
N ABLC.D;

®8 EXHBERAESH

Table 8 Variance analysis for orthogonal experiment tests

BHE oA BWE T FA& P&

A 3.490 2 1.745 37.094 o

B 4.810 2 2.405 51.126 ok

C 2.076 2 1.038 22.071 ok

D 1.283 2 0.641 13.638 oK
RE 0.847 18 0.047

o RRREAF (P<005); 0 RTFARREAK
F (P<0.01). & 10,

22 ERAMMHEMAFAE ST EERNY N
22.1 BAEHEBREMNHEMIATE S BEERN

A

BRI R AR A5 R 6 Frs . FEFhE AR
BN 4% I, 35 TE B0 7.80x10° CFU/mL (& 6a) ;
WG pHAE N 70 I, SEEECH 8.03x10° CFUmML (& 6b) ;
B IR IR FE 35 °C R 3% B A 7.53x10° CFUML (& 6¢)
¥ 3% 4 80 r/min B, % B %A 7.37x10” CFU/mL
(E 6d).
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Fig.6 Effect of cultivation conditions on high-density culture

of Lactobacillus plantarum

222 ERRBRREZRSMFHEMNIAANTE GEE
e ORIk

BRI AT B IR o A 04k, 329 PR, it
R A A BF_15 A KRBLEZ I K 2 308 B (Fi 7R




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.11

EY>C (WA pH ) >D GAEE)I>A (EME)

H12¢ 10 J5 Z 40 Wl S, BefhiE, K57 . Y146 pH

(B AN S BN A FLAT B BF 15 25 KA BRI 52 i A

# (P<0.01). BF 15 LK: 7% 4F N AB,.C,D,, Bl

PR AR BN 5%, BEFRIEIE N 33 'C. ¥4 pH {H

N 7.0, EEN O r/min, JEEECN 8.92x10° CFU/mL.
* O EHEHETREER

Table 9 Orthogonal experiments results of culture conditions

5 A(j% B( i%ﬁ C( #4é D(fé;i 523%%’!(/
FE) RE)  pHAA) %) (x10°CFU/mL)

1 1 1 1 1 8.00 +0.35"
2 1 2 3 2 4.90+0.10°
3 1 3 2 3 6.70 +0.20°
4 2 1 3 3 6.80 = 0.08"
5 2 2 2 1 7.40 £0.25°
6 2 3 15 2 5.00 +0.26°
7 3 1 2 2 8.50 £0.17°
8 3 2 1 3 6.80 = 0.13"
9 3 3 3 1 6.40 +0.24°
Kl 196 233 19.8 218

K2 192 19.1 226 18.4

K3 217 18.1 18.1 20.3

kl  6.53 7.77 6.60 7.27

K2 640 6.37 7.53 6.13

k3 7.23 6.03 6.03 6.77

R 083 1.73 1.50 1.13

g; B>C>D>A

ig@ A;B,C,D,

F10 EXHEERAENN
Table 10 Variance analysis for orthogonal experiment tests

BE  Fas awE HF F1{& P&

A 2.067 1 2.067 43.894 oK

B 8.542 1 8.542 181.378 oK

C 10.109 2 5.054 107.321 wx

D 1.125 1 1.125 23.887 ok
RE 0.848 18 0.047

WFFERET Ik X 15 7R o p BT S B . U
Gz 0 655 DA 55 3R AR AT AR AL, AT SRAS B A
JE, KZAE10°~10" CFU/ML™™", Z= 405 i R4 4h
YD FNT B 23316 G FRE RO A IR 564, 2R
TR IRFELH . FERE 43.405 g/L. BRI T 59.464 g/L.
Na,HPO,/ #7#5# 0.124 mol/L. MgS0O,-7H,0 0.2 g/L.
MnSO,-H,0 0.1 g/L. i 80 1 mL/L ; Ak 7744

RrFREIah pH M 6.5 H5FRIEE 30 'C. Bh M4
N 4%, F3EN 50 vmin, FEEEUA 8.01x10° CFUML. Fh
MRS P e W M FLAT T NCU137, 183 i i 77
B Oy 22 HERE 2673 g/L, BERHR ¥ 21.8 g/L, K
[ [ 16.59 g/L, MgSO,-7H,0 0.15 g/L, MnSO,-H,0
0.06 g/L, JIRREER4 013 gL, ZKFNEER 0051 gL, Ik
=R20 gL, BERRAE A 20, KRB 30 gL, 1
I 80 1 mL/L ;s fMRH;FR %KM ¥4 pH H 7.0, #%
it 00 & 0 2 3%, BEFRIR B 30 C, 3 B Ak 2
9.2x10° CFU/mL. AW 7L e fb i 77 2 f % 7 461,
i BF_15 3% B %% 8.92x10° CFU/mL, & T WY FLAT
W ZI316 i 2, WK TR FLAT B NCU137 % 14 34,
FARALRTH 3.88 5, LI T BF_15 R ERIR. A
[ L 470 LT BT A o 2 T E 8 32 0 I (0 R P R 5 37 2% A
PR EER, XU AR TR A AT R AR
PTREE . SR R S A R R R R TR
FRIEFL AT FISEARRACET, 75 B R AT & AR
R RFAE, B LR A AL S5 15 21 1 3% 77 5 v] 3l 2 A [F)
T ) FLAT B B PR R AR K TR, 3 AR K R A
PR XX TR A L BRI RO M A R A
HEER L

2.3 IR R AT Ay FLAT T AR TR BRI

B — T PR AT VA T R 0 X 3 1A A3 7 i
Ao, DA R AR TS s Y . i R
BH s B0 R Y E i 2 AR T TR kG 1 2 DR A S AR e
FROREE, B2 = VR T AR 4 S s AR s s AT
DA L2 T 40 B AR 0 AT A 7 A AR, 7 kA R i
N G TEE Sy s S U A [N S e )
11, 7F 100 g/L BifEFLAN 10 mL/L 4= i i FE a4 ik
g3 b, NI 50 g/L BERE . 10 mL/L i 80, 10 /L %
BEZRY . 20 g/L R BERDNRST G % BF_15 LR35
U dE— ik BEmerE, thif 80, MERHEK . NEIRINTE
100 g/L ARG FLAN 10 mL/L 2 I3 At R pl 43 b4 i —
ELLBIERS, 50K 12, 78 100 g/L BiAEFLA 10 mL/L
23 AR DS INEERE . iR 80, MERHR K. AR
FREN B I A L 100 /L 413 10 mL/L.
HEHE 80 g/L. AEEREN 20 /L. FEEHEH 15 g/l I 80
10 mL/L, {FHEYFATE BE 15 BFIAEEE N 90.57%, 14
T Ja RS HE 0L F) 2.45%10"° CFU/ML. AL R
50 g/L BEBEIIAEIE 2 80.43%, it 10.14%. ZRGIC
—BRAE TR AT RS ED - R 12%-.
FIEMRE 10%. BEHE 12%. BLAS09K) 3%, HEPIFLAT
R ZJ316 VR T FIATIE % 88.5%. LA 43 41 10%
L ALHERE AN 10% MG 4= W5 R B AR ), A FLAT
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B TH287 I TR 5N 86.37%Y . il it i T4 7712
srtitls XF BF_15 BIEAETFRIFIER] 90.57%, = T 1Y)
FUIFBE 21316 A1 JH287 £E s LR T ORA7 75 T A S 3,
SEPLT X BF_15 fEA G TR R s Ry . AR
3 PO oY = IR e Rl N B2 S i R a0 S i R P/
A A RRAAAEHE NI J5, 2080 B S 400 1 2 it
50 R A AR R ARG RO, B v B R A )
SERIRRE I, T R 1 B A R A SRR i P 45 )
BE A1 BB IR L ALREREDY . B
Y S (U S R 3 A 6 5 R 1 T R 3 AR 4
JE AR LG S T A, N gE M ER HEN U RS .
11 ETRPAESNFE

Table 11 Screening of protectants

R Al ﬂ’f %3 %H)ﬁfri—s B/ & %}éé EE A P
BikmE  (x10°CFU/mL) (<10 CFU/mL)

FUHE 50 g/l 2.71 1.97 72.70 + 1.48°
JEE 50 g/L 2.71 2.18 80.43 +1.11°
HEHE 50 g/L 2.71 2.00 73.96 £0.74"
AHEEE 50 g/L 2.71 1.77 65.28 +1.85°
BRI 10 g/L 271 2.16 79.84 +1.11°
R4 20 g/L 271 2.12 78.4 £2.22%
#d 10 mL/L 2.71 1.58 58.46 +2.95
=kiB 80 10 mL/L 2.71 2.17 80.16 +2.21°
FIRMEL 1 g/ 2.71 1.90 70.27 +0.71%
%A% E1mL/L 271 1.71 62.95 £2.95%

* 12 RUETRIPFIET
Table 12 The optimal lyoprotectant formula

Wi A (R B (SR C(B& D (=kid  FHM
5 ) BA4K ) ) 80)  (x10"CFU/mL)
1 1 1 1 1 236 £0.07"
2 1 2 2 2 2.35+0.05
3 1 3 3 3 2.39£0.03°
4 2 1 2 3 2.34 £0.05°
5 2 2 3 1 2.31£0.06°
6 2 3 1 2 2.34£0.03°
7 3 1 3 2 2.45+0.04°
8 3 1 3 2.40+0.07°
9 3 3 2 1 2.34+0.03°

2.4 APRTETE R BB K E M R R

DR 2 i P A7 3 5 A LR T A 9 2 7 Th RE AR
TEORBRE,  FE AR AN R OUE BB N, A0 B A
I O R0 R Ok B R AR AR SR, 3 R PR
MIZEBR 0, AR5 W DA K B B AR 4t AU 4 v
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JIRITh s . B 7 AR, B R AT B
9 2.45x10"° CFU/mL, fE 4 °C Tk 56 d JEiGHECHN
2.02x10" CFU/ML, f7i% R &IiAF] 82.35% ;5 £ 25 C
TR 56 d S i R AR AR Y 05 AE 37 CIEER 56 d
TS T R AN 0. 48 b, VRTHEAITE 4 CH&AE
IR MR R AT 29316 KR T
WHHT TR E I E, 4 CRRF30d, fFiE%R
N 92.39%, VEHEECH 1.07x10"° CFU/mML. 4% 1E "l
Ik TR AR Vv 58 R FL AT NCU 116 78 52 AL O/ 47 71
Hoyh (RSB BERMNT.5%. HHERE 10%.
HE B 2.5% 1K, —20 CIjE 60 d, % 1 H AR
FFTE 5.8x10" CFU/mL. SARW IR &R, % T 1%
P55 PR ARAE B AR AT B T AN IR R
DA HH o A TR ) e e 1P o o o A 35 B PO 348 o i e
Lot T B3, ARIRA B T B Rk A e e V.
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Fig.7 The viable counts of Lactobacillus plantarum in storage

at different temperatures

4_
2
> 0
) a
3 aof 2
Z c
ﬁ
" O1p
¥
0 1 1 1
0 3 7

AN LB / h
& 8 B RS Z 1%

Fig.8 Gastrointestinal system tolerance

FLIR T 1) 4B AL g 3N O R EOE F)
1x10° CFU/mL, A fig 75 i 38 9 & ¥ 18 ™. &5,
XF 4 °C e e ) T MR 3k AT R A0, B g T PR S 52 4 4y
M, Wl 8 Frow . X HRAE N T v A B AT VE B BN
2.02x10" CFU/mL, A ¥ J& ¥ 1 30 M 1.41x10° CFUMIL,
TGN 69.70%. 24 OR3P 7 1) o1 &t 43 B0 I T
L 17.846% B FE 2% FH M 1.645% i, £ 4h
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N LA E I b 21 )5, HEAFLA B ZDY2013 1)
TG RN L) 71.67%0Y . MEE T, 418 Wi
Wb S, BF_15 VR B 104735 SR AR T R 4 FLAT 8
ZDY2013, {HT B H0 & T 78 Wil o R 454 R 1)
T E L 1x10° CFU/MLYY . X AT B2 f T R4 77 7T LLRY
Wi 5 TR VB E M, AT B TR0 I pH fE, AT
AR 255 R B A DD HOBR IR BB o 18 5 1 e 25
R R Shah b, ASHE T ST N4 T R GiH e K T XA
FUAF IR BF_15 w3 b il 700 (e e R e M 2 B it 52
BE ST VTR -

3 g
B REESE S EX R TR T YA E

BF_15 {35 57 3L 41 o0 Fd5 % 6 A Ak . FE i3 97
MDA (RERPE 30g/L. B (KEEAM B
BEE =3:1) 30 gL, /K LEREN 6 gL, BREREL 75 mg/L
R RS 77 56 M BEFh AR 20 80 5% 5 9 IR
33 C. ¥4 pH A 7.0, W% E 0 v/min F, JHHES
ik 8.92x10° CFU/mL, &ALl 3.88 fif. #t—2D i
ok LR R A S L R AF B R TR R RC 7
JiHEFL 100 g/L. A4+ 1M3E 10 mU/L. FERE 80 g/L. A&
FREN 20 g/L. T RER By 15 g/L. HhiR 80 10 mI/L, B
HRAFIE N 90.57%, T B ik 2.45%10"° CFU/mL, %
T B AE 4 CI 56 d, A7 % 82.35%, i b ik
2.02x10" CFU/mL ; 4 B illJ5 1715 % 69.70%, &
A 1.41x10"° CFU/mL, SEIL T MY FLFF B BF_1S (1)
5 FE B R T IR A i e 1 7 o

AW T AT R Gt SE BT X A FLAT 1 BF_15
R TR TR T, AT EE 1. i a2
R MR AR AR, R T 54 B A N R
PR i T AR RO IR s v R L2 TR A
T3 A S 5 A AT T, ORAE T 3R 28 AR TR 1) A
fefg R e, He LSRR SE & .
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