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¥ E.HIUFTE Lactobacillus helveticus ND-O1 2—#R4 8 Ji it B BB DY MFLER I, ST HEEREESF
FLE R AR R R R ACE- T RIS MR y - EE TR, LEEAX L helveticus ND-01 5 FRE 4 5334
AL, N8 HE L. helveticus ND-O1 fli4b3% 3R AL 5 0 . FL0E 25 /L, KEEHIF 14.1 /L, BB 14.1 ¢/
L,BEMR4N 15.3 /L, ¥R 44 6.5 ¢/L,K,HPO, 2.2 g/L,MgSO, + TH,0 2 g/L,MnSO, - 5H,0 25 mg/L, Mg ~
80 1 g/L, L -1k & BRELBREL 750 mg/L, 44 & B, (VB,) 20 mg/L, L. helveticus ND-O1 ZE IR EH &
42°C |18 h #53%  HIE BT 58] 4. 2 x 10® cfu/mL, k MRS H1(8.2 x 107 cfu/mL) #5358 5 %, Hibibibigsn
HAE RIS 76 5 L REHE T S R B, TG BT A3 3.1 x 10° ofw/mL, K BEW RO
PR IMAR I, B R TR G T BT 3R 3 2.5 x 10° ofw/g, FRTFHEKIZ 90 d BRIBIL K, HAEE RN

81.20% , -
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Optimization of Fermentation Conditions for Lactobacillus helveticus
ND-01 and Preparation for Freeze-dried Starter

CUI Li-min', ZHOU Qi', Airidengcaicike', DU Xiao-hua', WU Lan'
LIU Xiao-ming®, CHEN Wei’, ZHANG He-ping'
(1. Key Lab of Dairy Biotechnology and Bioengineer, Ministry of Eudcation, Inner Mongolia Agricultural University,
Hohhot 010018 ; 2. College of Food Science and Technology, Jiangnan University, Jiangsu Wuxi 214122, China)

Abstract Lactobacillus helveticus ND-01 is a lactic acid bacteria isolated from Koumiss in Xinjiang. It can produce
higher inhibitory activity against ACE- | and vy-aminobutyric acid during the fermentation process. The medium com-
ponents for L. helveticus ND-O1 were optimized by response surface methodology, which contained lactose(25 g/L),
soy peptone(14.1 g/L), yeast extract(14.1 g/L) , sodium acetate(15.3 g/L), sodium citrate(6.5 g/L) , K,HPO,
(2.2 g/L), MgSO, - TH,0(2 g/L), MnSO, - 5H,0(25 mg/L), tween-80(1 g/L), L-cysteine (750 mg/L),
Vitamin By ( VB, ) 20 mg/L. After cultivation in optimization medium for 18h at 42°C , the viable count of L. helvetic-
us ND-0O1 was 4.2 x 10® c¢fu/mL, which was about 5 times higher than that in MRS(8.2 x 107 cfu/mL). Fermenta-
tion conditions were optimized using this enrichment medium as the basal medium culture in the 5L fermentor, the
viable count of L. helveticus ND-01 reached 3.1 x 10° cfu/mL. After centrifugal separation of the cell form fermenta-
tion broth and freeze drying, a viable count of 2.5 x 10" cfu/g was obtained. Afier 90 days storage, survival rate of
the freeze drying starter reached 81.20%.
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%1 L. helveticus ND0O1 ERFBRBERFEFHWEREE( x£SD,N=3)
Table 1 The cell density of L. helveticus ND-O1 in different carbon and nitrogen source medium (x +SD,N =3).

BiE 2% (w/v) BRFE (ODgy) BB 2% (w/v) PR (ODg )
Carbon source 2% (w/v) Cell density( ODgy ) Nitrogen source 2% (w/v) Cell density( ODgy, )
%k Glucose 5.355 +0.0212B K G HEH M Soya peptone 5.340 £0.035A
F T Maltose 0.304 +0. 000G E2EEH) Yeast powder 5.251 +0.006B
P8 Lactose 5.625 +0.170A J8i%E B Tryptone 1.461 £0.018C
5 (LB PH Oliosacharde 0.236 £0.004H 4P % H B Beef peptone 1.083 £0. 002E
sojf if:ii ﬁ " 0.931 +0. 004E 4P Beef extract 1.181 +0.000D
$1%5 Dextrin 0.176 £0.0011 REREEH Soy protein isolate 0.248 +0.010G
LEky Starch 0.692 +0.014F P52 - Whey protein 0.806 +0.011F
T Sucrose 0.216 +0.002H RE Urea 0.112 +£0.008H
H 588 Mannose 1.905 +0.014D fidiRek NH,NO, 0.0715 0. 0031
20 8E Galactose 4.144 £0.004C

E: A ARRARE FERRERE BF (P <0.01)

Note; Each means with different capital letters in column showed extremely significant difference(P <0.01).

%2 L. helveticus ND-01 T XEE OB SEBESH
AEISE LGl F R P &R E
(x+SD,N=3)

Table 2 The cell density of L. helveticus ND-01 in
nitrogen source medium of different soy peptone and

yeast extract proportion{x =SD,N=3).

A KEEER B EHEE(ODy)

Treatment Soy peptone : yeast extract Cell density( ODgy)

1 3:1 6.203 £0.067b
2 2:1 6.145 £0.021b
3 1:1 6.325 £0.028a
4 1:2 6.168 +0.032b
5 1:3 6.028 +£0.004c

EREEABRANBESH BRINEY 2% ; AR FHOEEZ
EEREH(P<0.05)

Note: The total addition of soy peptone and yeast extract is 2% ;
Data with different small letters in same column showed significant
difference( P <0.05).

2.1.2 ke BRI AR, HRERHE
BEEHEWENBERNEEYCRAER TEH
H, AR R 7 TR — 2R v R A (7] o BE X
HAKSEEM R Z B ZRBBE (P <0.01), 1
FHREREY ZIRB/K, HPO, ik R % B (e £
KYRBS . FHitgEeE i Rt—PEg=
B & K IEZ R I X R ik R A& B LB T
R (LR B IER) ,BEIREKER:14 ¢/L T

FR4H.6 o/ L MR AN 2 ¢/L K, HPO, , Rl BefE [L
BlRT:3:1,
2.1.3 mEAKNGRE MEYPEEREHER
AREMYH LR, FEREYBITEAEN
oA 3B E R IR B 2 R B A RS MR AT A 1A
¥, Fe’* [Cu* [ Zn"* \Mn’* Mg"" FHB TR
AE o B 0 ST SR S A W TR MR SR AL UL At
HAEMTEERKERE S B P AN, BATES
FEFRPATREAE -8, BEAREERMNHE
TENFERERARANY, B1BRTHES
E’:U%ﬁﬁﬂ$lﬂ%€§ﬁ@ FCSO4 ° 7H20\ CUS04 ° 5H20\
ZnS0, - TH,0.MnSO, - SH,0.MgSO, - TH, 0 {155
FrEd L. helveticus ND-O1 B4 KB o

M 1w &, &0 CuS0, - 5H,0 Xf L. helveti-
cus ND-O1 H02 K HBAT RS AE F , K A0
THENEK, B FeSO,+ 7H,0.MnSOQ, + 7TH,0
ZnSO,- TH,O HAE IR E T REEHHEAE R, 4
WEER B —E R E RS R MBEEEKT,
Mg’ RS BB (INCHBRIEE. FrER
B RIS BOE RIS, Xt L. helveticus ND-
01 AKAEEZEMA, E£HEFEH MgSO, -
TH,0 B ETE 0 ~2 000 mg/L JEEI AN, HEE
MgSO,+ 7TH,0 FRE B, L. helveticus ND-01
B R B R KN, X 5 Rogosa 21
IR RIS —2
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R3 TAEHEERIEFERN L helveticus ND-01 H{EBE (x +SD,N =3)
Table 3 The cell density of L. helveticus ND-01 in medium with different buffer salts{x £ SD,N =3).

ARG hER R BT B B R B (OD )

N
BRI Cell density in medium with different buffer salts (OD )
Composition of buffer salts
0% 0.6% 0.9% 1.2% 1.5% 1.8%

FrIERR G/ R4/ K, HPO,
Sodium citrate/sodium ace- 6.12+0.004C 6.21 +0.035C 6.40+0.014B 6.56 +0.057A 6.36 +0.014B
tate/K, HPO,
Na, HPO,/NaH,PO,/NaCL 4.201 5.07 £0.014G 4.84 +0.0111H 4.74 +0.035J1 4.64 +0.039] 4.34 £0.011K
Fr#RER/Na, PO,

. 5.21 £+0.088F 5.38 +0.007E 5.40 £0.099E 5.57 £0.035D 4.90 +0.025H
Citric/Na, PO,

/N

ﬁﬁ@ aOH 3.87 +0.021M 3.47 £0.107N 3.14 £0.0180 2.76 £0.071P 2.64 +£0.140Q
Glycine/NaOH

SRR pH B4 6.5, RAXEFHRALZREBE (P <0.01)

Note: The initial pH of medium is 6.5 ; Different capital letters mean extremely significant difference( P <0.01).
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Fig.1 The cell density of L. helveticus ND-01 in medium with different trace elements content.

B TFSLie s R R BERE R BRI AN R B
B | X i B P OV W BN R IS fT kAL &4
3 Fe®* ¥R BF AT LAGA T 30 mg/L, fTLL Fe** AR
MR FERE PR, LR RKHE MnSO, -
7H, O #1 MgSO, - 7H, 0 K #s fin & & 3
25 mg/L 12 000 mg/L,
2.1.4 AKETHRE EKEFERMEYIE
ERELAR D R RAMRE R AR B 1T
ERNENY . BERERS—BAEKET, KE
BEEREBHRERRS . FRERRBES
FAEYMEREF, BEEBRNRgERM
HEBRMERT THR.

7 R RS SR A 4 Ay He A A Ah TR

7 10 mg/L ) B W4k E (5 VB, VB, VB,
VBs.VB,.VB,,) 544K C, % FET 100 mg/L B
HER(CEENEREER) L - ERERE
BRERFIATREAS ), B fh R B0 2 B ik Ak KB I,
HRNFE4,

B3R 4 TH, BmIARRER R ERE T L
helveticus ND-01 BE{AEERR B E, LREK
*F L. helveticus ND-01 AR R B FH VB,
5L-ppaEme e, #—- S EEHERKE
FHWREHRITTHRE. HRLE 2,

HE2 /A, VB, 5§ L - $REARMTINE
53314 20 mg/L 1 750 me/L ¥ BE I B 14 5 B
&Ko
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F4 FENMARAMEHBERSEERIS L helveticus ND-01 B K% FHIRIT
Table 4 The cell density of L. helveticus ND-01 in medium of adding different kinds vitamin and amino acid.

P BE (ODg)
Cell density( ODgy )

HKETF
Growth factor

PR B (ODgy )
Cell density (ODgy )

ERET

Growth factor

VB, 5.783 +0. 06fg Ve 6.235 £0.035¢
VB, 6.433 +0.11b XA & Phenylalanine 6.198 £0.053¢
VB, 6.225 +0.039¢ XE E R Arginine 6.033 +0.011de
VB, 6.082 +0.025dc L - kReEBRE B Eh L — Cysteine HCL 6.868 +0.025a
VB, 6.48 +0.013b FFHEAS Liver powder 5.918 +0.074fe
VB, 5.713 £0.028g % #& Control 5.44 +0.085h

FEARETHENRY 20 mg/L; AFHARWDEFRFEREREHE (P <0.05)

Note; The content of growth factors are 20 mg/L; Different small letters in same column mean significant difference (P <0.05).
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B2 FWMAEREN VB 5 L - R EBMIBBRETS L helveticus ND-01 BER B (OD , ) IR
ig.2 The cell density (OD ¢ ) of L. helveticus ND-01 in medium with different concentration of VB, and L-Cysteine HCIL
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®5 ZHERSREXREDEFEHTRIRBLER

Table 5 Three factors twice rotation perpendicular regressive design and result.

Ry e B R F 7K (Factors and levels) B2 B (ODgy, ) Cell density( 0Dy )
Expenimen X, X, X, LS i} FE
no. Actual value Predictive value
1 ~1(15) ~1(22.5) -1(12) 7.56 7.43
2 1(25) -1(22.5) -1(12) 8.19 8.07
3 -1(15) 1(37.5) -1(12) 7.52 7.41
4 1(25) 1(37.5) -1(12) 8.23 8.13
5 -1(15) -1(22.5) _ 1(24) 7.69 7.55
6 1(25) -1(22.5) 1(24) 10. 61 10.47
7 -1(15) 1(37.5) 1(24) 7.15 7.01
8 1(25) 1(37.5) 1(24) 10.12 10.01
9 -1.682(11.59) 0(30) 0(18) 6.39 6.54
10 1.684(28.41) 0(30) 0(18) 9.01 9.17
11 0(20) -1.682(17.39) 0(18) 7.37 7.53
12 0(20) 1.682(42.61) 0(18) 8.3 8.47
13 0(20) 0(30) -1.682(7.91) 7.57 7.74
14 0(20) 0(30) 1.682(28.09) 10.07 10.23
15 0(20) 0(30) 0(18) | 9.01 8.59
16 0(20) 0(30) 1.682(18) 8.35 8.59
17 0(20) 0(30) 0(18) 8.44 8.59
18 0(20) 0(30) 0(18) 8.57 8.59
19 0(20) 0(30) 0(18) 8.49 8.59
20 0(20) 0(30) 0(18) 8.58 8.59

X, RERE (/L) BREVAE; X, REFER (/L) , KEE BB NREN 1:1 LERRa; X, ARk (¢/L) , RrbihHEE
BRI SR AIBER S Ll 14:6:2 WAR G .

Note : X, represents carbon source (g/L) , carbon source is lactose; X, represents nitrogen source (g/L) , nitrogen source is mixture of soy pep-
tone and yeast extract (1:1) ; X; represents buffer salt (g/L), buffer salt is mixture of sodium acetate, citrate sodium, and potassium dihydro-

gen phosphate (14:6:2).

BERBHREENHERYR, MRBEESIMIE  HEENERESDIES B OHET T, L5
EEREEMERBEIEPREA FRERKY, B FRIES
F£6 AFEEBEEUT L helveticus ND-O1 Bl{EEEHNFM (x +SD,N =3)
Table 6 The cell density of L. helveticus ND-01 in different fermentation conditions {x + SD,N =3)

S B (g/L) R (ODgy) REFMBEE(C) BAHE(ODg) gy pH  FKHE (ODgyy )
Lactose content(g/L) Cell density(ODy,) Culture temperature( °C) Cell density(ODgy,) Initial pH Cell density( ODgy )

25 12.35+0.11i 37 16.06 +0. 15¢f 6.8 17.30 £0. 16d
65 14.34 +0.06h 40 16.45 +0.12¢ 6.4 17.98 £0.17b
85 16.36 +0. 10e 42 17.60 +0.11c 5.8 18.48 +0.20a
105 16.46 +0.20g 45 16.40 £0.20e 5.4 17.54 £0.32cd

AT EEHRFRHEEZ MERS B E (P <0.05)

Note: The content of growth factors are 20 mg/L; Different small letters in same column mean significant difference (P <0.05).
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Fig.3 Changes of viable count, total bacteria, cell density and alkali-consume rate during

the high density fermentation of L. helveticus ND-01.
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B BE B MY14. 1g/0,15. 3/ LESER 4 ,6. 5¢/L
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Table 7 The indexes of L. helveticus ND-O1 freeze-drying starter powder.
TEH (10" ofu/g) W ( ~40°C )90 d FFER(% )

R (% )

Viabl
iable count Survival rate( % )

(10" cfw/g)

k(%)

Moisture content( % )

Other bacteria

oL Survival rate after 90 days

storage at —40C (% )

2.5+0.46 52.08 £3.12

4.82£0.01

ARt

not detected 81.20 £2.62

FrEEE 4N, 2. 2 g/L K, HPO,, 2 g/L MgS0, -
7H,0.25 mg/L MnSO, - 5H,0,1 g/L it if 80,
0.75 g/L L - 2 Bt &%, 20 mg/L VBy,20 mg/L
VB, L. helveticus ND-O1 7E 3% 35 B R 22 42°C,,
BEF 18 h, G BT A% 4. 2 x 10° cfu/mL, H
MRS H(8.1 x 10" cfw/mL) #5555 S 1%,

%R B R B A AC SR T LIBESE L. hel-
veticus ND-O1 f) REEZ{4 R FLWES BV 85 /L
(AR A A2 ) , IR 42°C, W14k pHS. 8, 7E4]
HEARSBEERN 0% , BEPEHEE 300 rpm 4%
T, EB16 h, REE AW TEEETAE] 3.1 x
10° cfu/mL,

ZRPFEBELB T UABHENTBHT
L. helveticus ND-OL{5% 37 | BE 75 2R : 10% B I8 %L,
8% 3 4E,1% L - AEBR, 1% VC,1% H i, &
PRI(V) HR(w) =10:1, KSR F KRS
WAE -40CE&MTFHE 3 h, K HA T, EH
BOTIRE 2.5 x10° cfu/g, T REEFIEMRE
(-40C) 3% 90 d J5, H 7 1E R 7 & 2
81.20% ,

L. helveticus ND-01 7E R BT #R A B 44 4 Bk
BIET-R B BRE, B 3 R e L R 7 T B I
fib & BEPL S S O A 7 R S B R (B T A
TR E =B IAF . XERARITT—
R R AR B RE

2 £ X W
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