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R SRR (High cell density culture,
HCDC ) — i 24 TR i 3 P 31) 35 A3 B 5 2 i AR 0
N # et A pH (A R BE B Rk EOR | E AR
JEHL A S R R, 0 v 2 A 3R ST T A5 R A B AR
FIAE W) A A5 30 R S I R A RO K, Tk
BN FEARA 77 A 2 i 7 3055 H Y o 520 iy % B 1
TR R A SRR BEaR iR 557 pH (H5FM,

Fig b FUAF I H11 BAT B4 00 25 A2 4 Ve A AR
AR 1 Bty - AT B ) 3t 3 A A T TR RIS
PASE R Tl Al A 7= S ) 8, R 5% 3 LA B 00 0
W SR R R DL BB R AR A
X H Tl A A 77 B B X ASHIF Y DA TR R i
TZLFFE HIL AR SR 76 MRS 5557 B 1 BL A
b % EG LR HAL B 3R AT Ak, f 4 AR
HEEG L FUAF B HIT A KW 2E R R M &
HH = e 08 HoRol E SR TR, M2 L
A 7 AR AR B A

1 MEl5FE*®
1.1 REse
111 EMRRIE I+ ZLFF @ H11 (Lactobacillus



168 hoE g

ol

2024 4F55 10 14

helveticus H11) /1 PN 5y el K24 FL A 9 H R
5 TR ZE W a5 = FLR B IR
(Lactic acid bacteria collecdtion center, LABCC)
PRI

112 B iln] Je i Fe 3k MRS B 973k . 3 1 ik
10.00 g, 2F A B 8.00 g, I HEI2 K3 4.00 g, 7 4 b

20.00 g, Tween—80 1.00 g,K,HPO, 2.00 g, J/KZ
FREM 5.00 g, FriEmR =%:2.00 g, MgS0,-7H,0 0.20
g,MnS0,-5H,0 0.05 g, 717K 1.00 L,

1.1.3 AU 5E& AR ik iy 5% &
F 1R,

x1 UHE5&&
Table 1 Instruments and equipment
KR & EFET R
K E pH it MR - de b BALE (LB ATRAS)
&R R A SX-500 H & Tomy Digital Biology 2 4]
# R R TR WFO-700 LR AL A PR )
EHAABE IS ZHJH-C1112C LT IR 4 AT AL 3R ) 2 A TR 8]
i AR AL Synergy H1 % E BioTek 2 4]
1883 A A DHP-9297 b TR A FALE A R E]
4 XAk B S 5810R & 18 Eppendorf 2 3]
483 A K& 2 Bioscreen C % 2 Oy Growth Curves
W 2 s BX50 B A& Olympus 2 3]
AT A M B B GS-MFC1203 L BB AR TR )
1.2 REH* 1241 Fi-LFUAF B HI1 A gl 55 57 308 o oK A

1.2.1 WG B 7E-80 CAIR I UK A6 R 5T 1)
B FLAF I H11 BEASZLEA A IO B R 45
VB MIRIG, 8T MRS WARR; 25,37 CIK
AREFR (24.0£0.5) h, WL E 3 RUF DUARL 5L
5% 4% Fh B 15 IR P L

1.2.2 BRMRE R D BT AR A il bR A
Synergy H1, {8 IS 37 K8 8 600 nm, S50 &N
K AT PR % 10 s, K#x o IE %, ANIEFE path
check &I, FrFHFER J 96 FLAR , fE LR A BE T,
BEAEEFLIMA 200 pl B, HBEREEA I E 3
AAT TR E S iR 2

1.2.3 TR BWIE  PEETHE R LS 9 mL T
AR AR KRG R 5 AR R RO 1 mL 1 AR
-1 BRI, WS BR R R -T F1-8 B R B
BV 1 mL, A B JG#E BE 5% LA A4S B R
ST A FE AT E X, KRR S 9 MRS [ 44 85
FRFEMR T EE 15 mL BRFRILS, 3B 5 154
HIBEERE A 37 CHRIR S 256 b R A% 3% (48.0+
0.5)h, FEFREE A, et B 158 X (8 0 b o
2, iy CFU/mL,

1.2.4 T FLAF B HIT A5l 3% 557 77 SR g

Br LA MRS 538350 3 ml, 4351k 1 0.2% 1) T
FI TR I A MRS 55 7 5 v ik I8, 45 G ok It
A AR R BRI DA T4k R 1 AR A e U
1.2.4.2  EiHZUFFR HIT A9 b 55 97 2R 75 R
B A bR R 0 3 e U 0 LAk -, R AR TR
Tk A R R G R B R 08 R
AR EIFR B A RE N B AR T
B BERER A FM802 | I B i Ky FM902 | % ) 2
Ky FMO86 | i HF 12 ¥ FM803 | i £ 1=y FM80S | i
BE K FMS502, % B R Ky FM985., [ BF = #y
FM888 i+ 45 (M Wk FP103 i+ & A Ik FP102, 3t
P18 A& IR B AC MRS 15 77 3 0 A9 200K MRS 55
Fi R 0T MR, 25 DA R %5 B e K bE AR K TR R
T A T s SR 1o B s R
1243 FHFLFFE HI1 S B A m e K&
AT R AT 78 LL R 45 R A SE R R
AN T B 0 HE 91 5k 20 B R e MRS B 37 3 v R
A B IR AR S5 A R B R A K R
AV TR 1523 2R 328 MR 328 Ml L b B e e
AL S E 1% ,2% ,3% ,4% ,5% ,6% ,7% ,
8% ,9% ,10% ,11% ,12% ,13% ,14%; WAL N 1:
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3,1:2,1:1,2:1,3:1,
1.2.4.4  EEFUAFHE HI1 A9 8GE 15 37 28 shEh 75 5K
fEtr ARIEOCAAF B PS5 R, KR RS2 vh b iR &R
B MRS s b iy g EhIK R, S5 AR
JE | B R M AR AR T T s Rk U i 52
LRI

T 09 2 wh £ 1K & 9 Na,HPO/FT 1 1R |
Fr 5 R /47 15 B2 #11 Na,HPO,/ NaH,PO, Na,HPO,/
KH,PO, . K;HPO/ KH,PO,, #7145 12 #4 /2 TR §h/
K,HPO,; ¥ B 43 3l i 0.02,0.04,0.06,0.08,0.10
mol/L,
1.2.4.5 FEiEZLAFR HI @ i R o R &
KAEMT  AE BRI AR A FE Al - B MRS 85
FER T EUE & &, 184 ] Universal
Protein £¢ 4 £ (https : //www.Uniprot.org/) 7] 5 %fi 1=
FUAF R HI11 SRR AN 7, 258 WK% |
e R P A BRI BT EAE 2R, e UEGE A Fi
TFUAFE HL1 A K TR Sk
1.2.4.6  FHi-LFUAFE HIT A 5l 3557 4 K 55
Kfgdr A8 BRI A A E K MRS 5%
S KR E TR AR gL R (4R
B HEA: K By HEA K By HEA R By HEA R Bs 4
B3R Be HEA R By HEER O B-HE PR LUK
L—F IR BRER MR AR, 45 5 B3 B B K2R
RGBT R, YRR & i FLAF I HL
A KRB AR A B
1.2.47 - LFUAFTE HI1 A Bl 15 57 58 32 503
Wel 7 T OE AL TE RO A Y 8 SR R A L
Design —Expert.V8.0.6.1 # 1 ' ) Box —Behnken
Design X Hif £ FLAF R H11 555 Fem i | 2R 22
AR R BOHIER IR (WK 2),
125 5B o B 22 S k4 B R T IBM
SPSS Statistics 26 BEATHHE AL BE , [EITE 2 il 5k
Microsoft Excel 2020 1 Origin 2022 & {4l /F .
W AT TR A Design—Expert v8.0.6.1 3K {4 i 171
550, DL Eilge #8420k 8 200 5k

A KU G 5 KSEUG TR AT Logistic
T y= “ PTG . A

l+me—4Wmaxx/a
Yo

IRt Al hyy A AR % B CFU/MmL;y, A W) 1R T

K% B CFU/mL;a M e K K% B, CFU/mL;
Wow WK A KHEZR b,

2 RS54
21 WTIAFE HI1 EHERERL

e U5t 2 FLFF A 8% % B b 0 Ol B Y E SR K
G5 o ASRE A3 LA FLRE A R SRR
22 ZE0E LM RERE R Ak R B 4 MRS BRI
e, IS5 R AN 3 PR,

3 W T B L FLAT R HLL XS 7 FOR R Bk
PR RGO, W LA 76 DL FLBE R i JR T ity
AR HIT ok AR KRR &, o B
THEH R (P<0.05) . H Y% 0 | ERE AL R
WEI0 20, DL 22 20 0 | H 8 B R B U T it
FUFFEA H1T A9 oK b AR R S X et . o 1 %t
RIS TR E5 A — L 00, J5 2 BT R
WY, LLFLBEVE R i IR B FLAT I H1L B
TG A S T H B A (P<0.05), Zang SR
UK FUBEAS IR B AG A4- w5 s R v, AR 56
bR 1% 1 R P O 2 R R SR 2 A T I LA B TR

®2 MEEmKERZSKER

Table 2 Response surface test factors and levels

W%
K A#BREE BERREE CHYHA
(g/L) (g/L) =/(g/L)
-1 23.30 46.60 7.00
0 26.65 53.30 8.50
1 30.00 60.00 10.00

®3 ARHRENHLTIFE HI1 R
Table 3 The effect of different carbon sources

on Lactobacillus helveticus H11

] ) KK Kk Y/ EH
%5 BIR(2.0%)
h! (x10% CFU/mL)

1 FLAE 0.203 + 0.005° 5.39 £ 0.23°
2 A 0.174 + 0.002" 2.91 +0.82"
3 A 0.169 + 0.004" 2.32 +0.33
4 A 0.110 = 0.004¢ 1.14 = 0.09°
5 ¥ 5K 0.177 + 0.006" 2.24 +0.17°
6 R #E 0.089 + 0.003¢ 1.49 £0.11¢
7 H A 0.067 + 0.002° 0.22 +0.02f

TE A TR AR B3R R Bl ) 22 52 W 2 (P<0.05) .
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X VKO 0 g 5 7 5 o i LA TR A K A Y 5
e, 25 SR WY, 78 o UM IR B 2 OF T ) J5 1) 2 i
(%) % iz B 3 FIOBE W % 7% 72 (Embden —meyerhof -
parnas , EMP) B 5 fibe X 2 25 ik 2 b 425 A0
B FUAF B 19 85 35 254 0T MAROCAR B i A K
TR V5 P A A DA B R TR SR KT | A A 1 B
M2 B AR DT RGEMTSE T FUEXT B A 4
M AR AR 2 mm | 200 B - LT B A 240 B ok

x4 FARAREXHLAFE HI

FERFER T 3.98x10° CFU/mL, %% b Frik , ek
FHFUBEAE R B IR 24T T — 2B 5E
22 WETIMFEH EFERBMRL

ENGIER S R7TUR= 500 =50 N S SN
B CHE 1 A KR o i A R e ) A E IR K
225 BT LA B 37 3 op UUR A0 7 28 2 2 0 R R 7 o
HEPHERZE, LR R 4 PR,

9%

Table 4 The effect of different nitrogen sources on Lactobacillus helveticus H11

s SR RERAERK  FEHH/(x10° s R R A K & H(x10°
it F/h! CFU/mL) i F/h! CFU/mL)

1 BHF&9M FP103  0.164 £0.007°  1.20 £ 0.05° 10 % iz A FM808 0.223 £ 0.005*  1.80 £0.16°
2 BEEGM FP102 0.210 £0.008" 1.73 £0.13° 11 X 2% 8k 0.172 £ 0.005*  0.74 £0.12#
3 B iR 4 FM802  0.182 +0.005'  1.05 + 0.06° 12 IR 0.095 +0.003"  0.20 £ 0.05"
4 B iR 4 FMS02  0.198 £0.008°  1.30 £ 0.05° 13 A BT 2 Ay 0.086 +0.002"  0.24 +0.02"
5 BEH iz 4 FMS03 0201 £0.001™  1.20 + 0.05* 14 R 0.166 £ 0.004°  1.10 = 0.09*
6 B #F iz 4 FM986  0.181 +0.006"  0.94 +0.07 15 Mk @ Bk 0.103 £ 0.004*  0.07 £ 0.01'
7 Bz 4 FM888  0.164 £ 0.004°  1.21 +0.10 16 & %G ik 0.107 £0.003¢  0.07 £ 0.01°
8 Bz FM902  0.198 £0.005°  1.48 +0.09" 17 8% & @ 0.103 £ 0.004*  0.02 £ 0.01'
9 B HF iR 4 FM985  0.202 + 0.006™  1.39 +0.14" 18 A4 R (MRS) 0.149 £ 0.002"  0.29 +0.08"

AR A5 R 2R B 17 25 53 1 3 (P<0.05)

4 Sk T F L FLAFE H1D X 17 FoA 6] &
PRI ARG O, Hoh B 2L B H1 L X EERR A
FMS808 5 1 25 1 145 FP102 4 F) FH AE F1 i 5 Hik
HRGE AN A RER BEEEE B FM985 | Bk
& MR FP103, EE &L= # FMS02., B Bk 7 ¥
FM502 | 1% £ 3= 8 FMS503 | % £ 12 ¥ FMO86 | % £
12Ky FM8S8 Fl % £ i2 #y FM9O02; 4= A& | 4F TR

by I EE R BRER 1R L 8 R A R O
FART MRS 8595 3 b 19 5 45 AR (P<0.05) 2543
&, I LR PERE R FM808 I B 2 [ ik
FP102 E M 3+ ZULAF B HI1T PSRt s — 0, i
FW# 227 IER B 3E (P>0.05) , vk £ B £ 12
¥y FM808 % £: 2 11 i FP102 #4755 IiL , 45 5 tn
#2500,

x5 ARREEEIENHELTIFEHI MW

Table 5 The effect of different proportions of mixed nitrogen sources on Lactobacillus helveticus H11

YT R 2 A K A Kk &/ & H 4/(x10° CFU/mL)
1 B i A FM808: B 4 & & ik FP102=1:1 0.224 + 0.007° 1.75 £0.13
2 % % 4 FM808: 5 & & & ik FP102=1:2 0.208 + 0.008"™ 1.35 £ 0.09*
3 B 02 A FM808: 8% & & Jk FP102=1:3 0.204 = 0.009° 1.43 £ 0.15*
4 B iR A FM808: B & % & ik FP102=2:1 0.222 +0.010" 1.50 +0.07¢
5 B iz A FM808: B & & & ik FP102=3:1 0.239 + 0.008* 1.96 + 0.16
6 B iz 4 FM808 0.223 + 0.005" 1.80 £ 0.16"
7 5% 4 & @ fk FP102 0.210 £ 0.008"™ 1.73 £0.13"
8 A4 F R (MRS) 0.149 = 0.002* 0.29 £ 0.08°

AN TR A R 2 B0E 7] 25 5 3 (P<0.05) .
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HH e 5 AL, Y DA BRI # FMBO08 il %+ 2
FI R FP102 LA 1:1 #1301 He 5 & ic 2 4 451 MRS
AR 2.2% 0 BT B EFLAT I H11 & B
(14 A 0 A B die R B AR K TR ) B 3 i R —
5 BE 7 3 TRIERORD B K L AR K B R (P<0.05) 5 2
BB R 301 M B RER K FMSO08 Fl i £ 25 1
Jik FP102 1E A R IR ET  Fi = ZLAF B H1T (9 756 B 4L
4 (1.96+0.16) x10° CFU/mL, Lt {4k 7 MRS 15 7
BTG R BR T 6.75 5, DRI R R A
FM808 FIf#£E7E (A ik FP102 LA 3:1 B B Tk A
B FURF I H11 8535 3 0 558 2005
23 WHTIAMFEHI EREBRIZERLGIMRL

IR AR IR TE R e e oy e, —F
AU 0 ek AN [ 0T 355 % 45 AL (52 ) g 259 AR B 5
Ve IR BB ETE BN 1%~12%, A 4 5
HM1i1,1:2,1:3,2:1,3:1 3R 45 R WA 1 i,

WAL 1 TR B AU S 0 LU A X TR A
B A KR 0 3 (P<0.05) . T LAFE Y BR VB
N /N F EAE ARSI, IR TR AR
5 S 00 T TR 18 N o K T RIS i 1
TR WA LLAE 102 B TR A B B s S AR
IR 7% , FLR AR B ALY 1:2 B B
I e o, B0 DA TR R 285 B Ry i A 4 A 1B HE 7%, 1:2;
7% ,1:3;9% ,1:2;9% ,1:3 X 4 N4 #E47 F —
s RO 45 R LK 2,

F 9 BT S T, e R R L L 43
WK 7% 1:2 B, Hi = FLAFE HIT 36 5 50k
(2.46+0.23)x10° CFU/ml , ik 0 & 1 Ak 2 L 43 5]
M 9%AN 1:2 B Fig L FLAT B H11 1% R 40Ch (2.50+
0.14)x10° CFU/ml, B & 1 22 55 - A 3%, % 18 3
B O 2 et A1 N T RO 2 S A R o RN 15N
P Ay 102, e A N it S il 7% 4T T — 25K
24 HTIAFEHI1EFEZHEMMAML

2% ph b AR ZRTE FLFT R & I v S T Lk ) 9
WHRBEICWER, &0 LLE AL pH (H 535
TR BRI R I G A IF SRR | 20 B I i
W 0.45~0.60 o/L 5, i+ FLUAT B 09 2 Ko
2Z BRI, AR 92 v R % B b FLAT B H1 (19 5%
MU 6 Jiw

MR 6 FR , ANFZE PR R AR T,

—=— Ak 1
—e— Rk 2
—A— AL 3
—v— a2 1
—— A3 1

AODgooum
S

01 2 3 4 5 6 7 8 9 1011 12 13
/& Ws8y

Total amount of carbon and nitrogen/%
E1 FAEGASERGALENHELTIAFE H1 BN
Fig.1

and nitrogen and proportions on Lactobacillus helveticus H11

The effect of different total amount of carbon

ot
=

I AL
Viable bacteria/(x10° CFU/mL)

2
A hd

Total amount and proportions
TE AR AR 5 R 32 Bodi ] 22 5 W 2 (P<0.05)
E2 AEKRIABEREGRLNELTIAFE HI EEHR
skl

Fig.2 The effect of different total amount of carbon

and nitrogen and proportions on the viable bacteria

count of Lactobacillus helveticus H11

i EFLFFRE HI1 R IARSEWAR . 525 10X
AH L, AN 1] 7 2% ok A4 2 568 1 ZLAT IR HILT (93
PAROR 2, SRR G2 ol ER AR R 0 SR Lk B
PG B, 25 R 3 R,
B & 3k B 0.08 mol/L #7455 & 40/ TR 4l /
K,HPO, 1E ]y 22 vhdh iR R AT — il
25 ETIAFEHI1EFEMETINMRMK
B 77 e RS IR 6 3R] AR SRy TR AR A
T R v OGRS B R R W 1 e G
W A WRGE V2 FUAT TR AR R G
BT Mg Mn> 85U, K 1+ ZLAF i A AR ik
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Table 6 The effect of different buffered salt on optical density of Lactobacillus helveticus H11 (AODgyn)
b ik A 2% o 3R JE/ (mol/L)
0.02 0.04 0.06 0.08 0.10

Na,HPO,/A47 45 8% 5.96 +0.03 5.86 +0.09 5.83+0.07 5.72 £0.02 5.65+0.04
AT A BR AT A% BR 4R 5.95 +0.06 5.80 £ 0.08 5.82 +£0.07 5.79 £ 0.05 5.89 £0.11
Na,HPO,/ NaH,PO, 6.37 +0.07 6.42 +0.05 6.31 +0.04 6.34 £ 0.012 6.37 +0.37
Na,HPO,/ KH,PO, 6.32 +0.05 6.31 £ 0.07 6.29 + 0.02 6.25 +0.03 6.23 +0.04
K,HPO,/ KH,PO, 6.19 £ 0.03 6.24 + 0.04 6.13 +0.04 6.16 + 0.02 6.21 £ 0.06
AT AR BR AN T B AR K HPO, 7.01 £0.03 7.12 £ 0.05 7.13 £0.06 7.24 £ 0.04 7.20 £ 0.05
ER-Pogid 6.04 + 0.05
MRS B8 20 3.53+0.19

38t i 2 K G BT T ] 4 B

22 w Y oA 7 ) il 3 7% i) Universal Protein % #i% & (https://

i 5

Viable bacteria/(x10° CFU/mL)

L @\{S o) N
\S
SR I
&
&

ENGE UL

Different buffered salt
TE < AN [ A 5 B3 B ] 22 52 W 2% (P<0.05) .

B3 ARZMEBERINHTIFE HI EEEMHZM
Fig.3 The effect of different buffered salt on the viable

bacteria count of Lactobacillus helveticus H11

3LE

B4,
s

— ¥

ATP  ADP [

www.Uniprot.org/) A3 CHERG R BIIA 1, thk 7
AL, B FLBE T B A 4 B P 5 R DU Mgt Min*
oy Fe 1 Mn* Fe> Wi # 0] A B A I LT Mg>;
OV 19 32 240 B A 12 Mg™, HOWJ2: Zn® Fe
R M0 T e W S A Tl Tl SR DRl 3 -l
PR S TR R T ot R s Tt A T L TN PR U
TiE P T B8 R o g™ T Tl 1)l B IR 2 Znt
3R H A S B4 % B TR 10 NAD FLIR B A
Tit 1) i B [ 72 FAD

Fiit L FUATF B A AU FLR R A b 2 S A B I 1
i Mg Mn? Zn> Fe™ , #§J& £ A %k HAx it oo 3 ik
FrBrE.,

HEE —>6- mﬁﬁ
CHEEs
ﬁﬁﬁlﬁ
Awﬁ*ﬁ AT
ADP
1. 6w o 3B .
@ e 3 BB —_ e ABRSE
B\ 3 pEEmEE L—ns_mw T-smm 2-BHERENEE k, mmnﬁ.m?m
NAD NADH{»H ATP  ADP HO ATP  ADP  NADH+H NAD
l& PE——— ey |
B4 mIAFEH HIREHER

Fig.4 Metabolic pathway of Lactobacillus helveticus H11
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Table 7 The key enzymes and cofactors in the glucose metabolism pathway of Lactobacillus helveticus

%% * b Hih B T %% * 4Ll Hih B T
1 B—F 5LHE 3 # Mn*, Fe*>Mg> 7 3k B B B Mg
2 T A ik Co* , Mg?>Zn*, Fe? Mg 8 B B R i g B Mg
3 HrBR W) B) M S M By Mg* 9 i B A Bl Mg*
4 i B R A Mg> 10 7 BF) B2 4L B Mg>, K
5 B 45 Bl Zn* 11 5L 8% B 8.5 FAD
6 3—A% B% - i B A NAD

T Mg >Mn> R R %5 Mg 4 & HA @ alox,

—s— MgSO, 7H,0

0 200 400 600 800 1000 1200
Tl i 78 2 T 0 4
Additive amounts of trace elements/(mg/L)

(a)

| —&— MnSO4'5H,0 —8— FeSO4 THy0 —»— ZnSO4 7TH,0

0 20 40 60 80 100 120 140 160
T TE R IR N
Additive amounts of trace elements/(mg/L)

(b)

TE o Pl o 2 A B b FLAF TR HLL 728 10 B2 o 1) T R 2 2
5 AEMEBLTEAMENEHTIFE HI1 HE N

Fig.5 The effect of different additive amounts of trace elements on Lactobacillus helveticus HI11

FH &S AT, ER I 0.20 ¢/L 9 MgSO0,+ 7H,0 #l
0.06 g/L ) MnSO,-5H,0 B, Fi H-ZLATFH H11 A9
PR B 3 e T E 415 (P<0.05) . #EH 0.20 /L
f) MgSO,-7H,0 #l 0.06 /L ) MnSO,-5H,0 K
H BTG ETEORE Z5 R 6 iR,
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Fig.6 The effect of different types of trace elements

on the viable bacteria count of Lactobacillus helveticus H11
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Fig.7 The effect of different growth factors on the optical density of Lactobacillus helveticus H11
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Fig.8 The effect of different growth factors on the

viable bacteria count of Lactobacillus helveticus H11
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#8 mHTEMFEHI P OLAFGEITER
Table 8 Central composite design results of Lactobacillus helveticus H11
C% C%%
N A BRA B RREA RN n A BRA B RRA W E A
X5 W g XI5 I/
Az /(g/l) ImE/(g/L) (AODgom) Hz/(g/l) mZF/(g/L) (&/L) (AODgomm)
1 0 0 0 8.976 10 0 0 0 9.463
2 1 -1 0 4.026 11 1 0 -1 7.29
3 -1 -0 -1 4.333 12 0 0 0 8.684
4 -1 -1 0 3.312 13 0 1 -1 6.565
5 0 -1 -1 5.445 14 1 0 1 8.034
6 -1 1 0 3.625 15 0 -1 1 5.421
7 1 1 0 7.051 16 0 0 0 8.597
8 -1 0 1 4.807 17 0 1 7.778
9 0 0 0 9.814
xR9 ZRETXERNRYREFTESN
Table 9 Coefficients and ANOVA for the developed quadratic polynomial model
7 E R R 75 Fo B W E ¥ F1a P1a
A 72.32 9 8.04 34.99 <0.0001
A 13.32 1 13.32 58.02 0.0001
B 5.81 1 5.81 25.28 0.0015
C 0.72 1 0.72 3.15 0.1190
AB 1.84 1 1.84 8.01 0.0254
AC 0.018 1 0.018 0.079 0.7863
BC 0.38 1 0.38 1.67 0.2378
A? 24.15 1 24.15 105.15 <0.0001
B? 20.54 1 20.54 89.43 <0.0001
c? 1.50 1 1.50 6.51 0.0380
* £ A 1.61 7 0.23
& R 0.52 3 0.17 0.65 0.6251
®E 1.08 4 0.27
B 73.93 16
R*=0.9783 R.;7=0.9503

. P<0.05 225 8 3%, P<0.01 22 S8 %

gEIRLRI —RIM A, IRIN A2 B S Hi L
FFA HIT P A% B A A d 2 52 ) (P<0.01), — X
B, 38X I AB R I C? 4 Fi 1 FLAF I HIL
RS A 5500 (P<0.05 ), BE AR BRI, 3%
(P<0.01) ;R*>=0.9783,R,;?=0.9503, 1B J5 2 5 ik
K (4G B B . R Design—Expert S0F 0 Hr 1%
FrEEh i (A) AR (B) &R &R (C)ry L1k
X it - FLFF B H1L (8 52 ) 4055 iy 4 &1 K ) iz 1T
KL R 9 B,

M Box—Behnken 1 T 5 245 H Contour & F1

3D Surface FH o] IE 5537 3 vp i U5 2R
BRI IR G I TR A 5% B e 2 1K AR 3
KRB —EFREE G, WA B R JF 4R T [ ik B e
8RR 22 R] 8 G 22 0T TR A B A At 3 52 Rl (P<
0.05), MiBkES 22 hEh EIR 5 2% vhEh 2 [A] i ¢
FXF AR B 5% AN I 3 (P>0.05) .
Box—Behnken ¥ 11 # 245 H B 40 U8 il i, Bk
U5 N 29.70 o/L, B IR N 55.71 o/L, ZZwhih h 9.10 ¢/
L, % i 5 KAE (AODgyo,) A 8.63, J&i 3] 52 I A
8.59, 5 Wiili{A 22 55 A i 3 (P>0.05) o 50U S i i
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Fig.9 Response surface plot and contour map of interactive effects of various factors
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Abstract

Objective: To analyze the optimal nutritional requirements of Lactobacillus helveticus H11, so as to explore

its low cost and high viable count medium formulation. Methods: The optimal nutritional requirements of Lactobacillus

helveticus H11 were determined by single—factor experiment with Box—-Behnken response surface test design using viable

bacterial count, bacterial density and maximum specific growth rate as indicators. Results: The optimized optimal static

fermentation medium formulation of Lactobacillus helveticus H11 was obtained as follows: lactose 29.70 g/L., yeast extract
FM808 41.78 g/L., yeast peptone FP102 13.93 g/l., Sodium citrate 2.02 g/L., sodium acetate 5.05 g/, K,HPO, 2.02 ¢/L,
MgSO,-7H,0 0.20 g/L., MnSO,-5H,0 0.06 g/L., Tween—-80 1.00 g/L., L—cysteine hydrochloride 0.30 g/L., vitamin Bs 0.01 g/

L. The viable bacteria count of Lactobacillus helveticus H11 fermentation broth after optimized high—density culture was

(9.02+0.23) x 10° CFU. Conclusion: By analyzing the optimal nutritional requirements of Lactobacillus helveticus HI11,
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the optimal fermentation process for the industrial production of Lactobacillus helveticus H11 was determined, and the
production cost was reduced while increasing the viable bacterial count, which provides a theoretical basis for the indus-
trial production of Lactobacillus helveticus H11.

Keywords Lactobacillus helveticus; nutrient requirement analysis; high—density culture; maximum specific growth rate;

response surface test



