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Abstract: [Objective] Study on the technology of selection and optimization of Bacillus natto
freeze-dried powder, in order to increase the survival rates of living bacteria. [Methods] Single
factor and orthogonal experimental designs were taken to measure the survival cells and then
screened the protection agent formulations. And the storage stabilities of optimized
lyoprotectant powder prepared at protection agent formulations. And the storage stabilities of
optimized lyoprotectant powder prepared at —20 °C, 4 °C and 25 °C were tested. [Results] The
effective protecting agents of Bacillus natto were: skimmed milk powder, mannitol, L-sodium
ascorbate. The best protectants formula: 10% skim milk powder, 4% Mannitol and 1%
L-sodium ascorbate, the results showed that the survival rate could reach to 91.63%. The
survival rates of fungus powder conserved at —20 °C, 4 °C, 25 °C for 12 months were 88.79%,
70.16% and 10.52%, respectively. The storage stability of bacteria powder at —20 °C and 4 °C
were excellent, while that at 25 °C was poor. [Conclusion] The freeze-dried powder protective
of Bacillus natto was optimized, which provided a guidance for application of Bacillus natto,
stabilization of quality of live bacterial product and development of novel live bacterial

products.

Keywords: Bacillus natto, Cryoprotectant, Freeze-dried powder, Storage stability

Y4 ZEMFT B (Bacillus natto) il = 7F 1905
A H AR I K2 0 B 202 N 5 oy 4
BN, S AARTCHE R B 22 kRN, ZE R
IEA PR WA FLRR B . UL T B 45 35 2 T 110 34
B, MM GRRETIEE, S EAYURIER . By
TR TIRE, Y B, e
ZEMOAT B RE 7= A — b LA I i £ 2 R 0 M
fitg, AIOEMEIME H t-PA S R, M By
A AR N BT RIS, (98 5 2 AT R L
A VR R A AR Y, I ELR A R o 1 i B A
pH FAE P, (HEAEAEAE— AN 5 ok S B 1)
JE T A8 1 98 5 2F MR A DA TR 4 B R
FET R TG AR KRR TR, FEGUHER, A
REIREN ™ U B, BRI LSl g
ZEMAT RS RO R Z RS IR TR . (AR
TR AR, W URRIK o 28 K 2 X 0 K 2F MO
T A AT . MU . BT M — LB I oY
TFHEILSE— RPN R R RN B3
PRFFRRT TRV, 23040 5 ZE AT T8 14 336 D 50 H R

JE Ko T LA TE2 AT R A R TR R R 10 5
BEAE TAHBAOR IR PRIPSRI T LR TR
P WS AN AR PEA AR, TSRV R T
Yot R et T A P

AR SZEG IR 92250 16S rDNA 25 %5E
(i —WRah G 2E AT B VAT 42, SRR
RIE SOEASIA SR i, ARG ORI T
Yoy ) B AL BT R PR3P 590 B B 7 B TR A B DR AT AR 2
P, DU ROR BREE A A OR3P R K DR DI RE, Dl
DTRIRTER VR TR RE P RYSET, S AR 1F
TR, NS ZFMIAT AR 35 D™ i 0 R
T s BB b BT 55T T B

1 ES

1.1 ##l

111 B PG ZEMATE F3, ARyt
BT

112 FFE: () M B0k 1%,
NaCl 0.5%, 4-PIF 0.5%, pH 7.2-7.4; (2) KB

http://journals.im.ac.cn/wswxtbcn



824 A=) 24 384 Microbiol. China

2013, Vol.40, No.5

Ikt UM 1.0%, #iZHE 1.5%, NaCl 0.5%, JC
7K CaCl, 0.5%, MnSO, 0.1%, pH 7.4; (3) {47
VST AR PR SRR LR SRR L
C il T i Wk AV TR

1.2 EFERXFIFLEE

121 WRF: GO . BARELB RS, T
WL, ARIRE . RO, AR, S, A8
Tk, B . SAk#. CaCl,, MnSO,. Hih, %
ZEHE. RERE. B-PIMIKG . TTEERE. £ 95%. L-
PURIMER AN, DL Bl Atk g, WA A T4k
YRR (L) B aRRAF.

1.2.2 A% R PVEIR BSR4, BigRE
TH A BR A AR, HAR =W, B
PRI, BRI IR SR
THEBL, AL EGRXOAES A RA R, H A7 Sl
OB, TR PR A R AR

1.3 FHi&

131 FFERPFIE—ARIRE: B—HEr
FIRh, AT 50 mL Fh R 250 mL
=ffh, 250 r/min, 37 °C }3% 18 h, 451
W WEFh I LA A% 3R R T4 50 mL K
TR R IR SR ALY 250 mL = A, 300 r/min.

37 °C #5157 32 h, FRH4 K EEM LA 5 000 r/min E5.0»
10 min, WCEERTE, FHCHR A9 AR BRER 7KK BV 6
B2 WA

AR A S SRR IR E ™Y, 45 & S50 = R
MR ORI BT, EBUBAEZLE . HEERE
FEME . B-PRMING . RIRME . L-BUIRIMAREN 6 Fibs
BHE AT BEXT G, H F0S Be il AS [R) ¥k B2 (3 1) 6 Fil
PRI 23 50 A S A R, RS,
FE0 2 TR T 40 2 BT TR A 0 T, TR
3mL PR A 98 O ZE AT TR R R A TSR 2
iR, 76-20 °C T2 1% 24 h,

FE IR R 0 2 R R A B AR 25 V8 VR T g
PLZR BT RR o S T Bk v A B AR A2 T
R WA B — LR AP PR AP REOR
1.32 FFRIPFIMEZIRIE: R4 A HE R
S5, R RTEMOE RS I 2550 HTiE, B R A
151, LABRORBENLIR 225 [RE M B 250 F, BeRH
4[R2 37K (10— 131 Lo(3Y)BETIERH AL
ORI IS RE . TEASSEER R R R K P Ik 2,
1.3.3 MEFMRFREFEEEMNE: RHABZ TR
RO 20 T B R B R AR R, AT
T 3 REES

x1 BRIPFIRERE

Table 1 The agent concentration of single protective

Sl PRApml e e

Cryoprotectants Concentration of cryoprotectans (%, W/V)
AR 1 5 10 15 18
Skim milk powder
REHE 1 3 4 5 7
Sucrose
HiEnz 1 3 5 7 9
Mannitol
B-FHIAG 1 3 4 5 7
B-Cyclodextrin
IR 1 8 4 5 7
Glucosan
L-HLIR MR M i 2 3 4 5

L-sodium ascorbate
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1.34 PEFRTEFEMHOREREENE: K
FASHIE RS> B T—20 °C., 4 °C. 25 °C Ay £/
TR 1240H, 45T 0, 2, 4, 6, 8, 10, 12
A BTG EEE, PATH T 3 Wk, il
TR AR IO AT R, LA e Ak T A

ES

2 HBREHM

21 BMETRIPFIEAIEER M
ARBFFITR IR 6 A i KA

(PRI IRLLIE 36 ALPARHZIRK, R E

490 S S HHT L VR T RS OB, e

F2 EXRAY

NV
N 5

— PRI B AR AP ER], DU 1, B 1 AT
PIE i 6 FPORP Rt ah o 28 MAT i 0 vk T AR
A — MR ER, IR R 5w ik
74.26%; ANIARIFRIBT, R T 0 R AR e s 470 R
A 13.36%, HE 1 ALERAFT LA 1, BEE R
PRSI BRI, AR R AT &, H
KB — MR, LR R A B KM, I
Je PR IR 0 e B LR A8CR TR AIG  X 1EBH
R R T DR 700 R B AS SR BT, T A A
— AR

Hr DUBERRZLAR PR3P 7R B 5%—15% - 475K
R, L-PUIR M BR ek FE1E 1%-3%, H &7

M EZ=KER

Table 2 Factors level of orthogonal experiment

X Z& Factors

K —
o TUIRTLEY A Ham B LBUbR MR C %] E
Skim milk powder A Mannitol B L-sodium ascorbate C Empty columns E
1 5 3 1 -
2 10 4 2 -
3 15 5 3 -
100.00 ——CK —— Skim milk powder —A— Sucrose ——Mannitol
AT —¥—Glucosan —O— B-Cyclodextrin —8— L-sodium ascorbate
80.00 1
Y —
. 7000 T
°\° /M \’\.
o 6000
&
s 50.00 _,4%§(i \b
o=
> A
5 4000 [ ® ®
7]
30.00 1
1000 L a &
1U.UU v o
0.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

0123456 7 8 91011121314151617 18 19 2021 22

Concentration of cryoprotectan (%, W/V)
Bl AREFRTFRPFIEEFTFERF0E

Fig. 1 The survival effect of freeze-dried bacterial by different cryoprotectant
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WREEE R 3%—T% N B VR T A7 15 2R A s 1T 7
WL H SRR B-ERRITRS DRI AOR A2, BOEAS S
B bRIX 3 MR ER
22 HFETRIPFEXHAESMULIEEESER

T 3 SEIRAERAHT AT AL, R LR X B
MIAFIE eI B R, HUOR T BB L-HidR i
W, R RIRA G N ABCy, BIVIEAEFL K
10%. HEERE 4% . L-PiIRMAREN 1%, MG
MAFIGE N 91.63%, KT ¥ — RN,
PEACSCR A ;150 B B — R P ) T AN RE T 2 12 TR
TR 25 T TR AR R oK, B AR
A B — ORISR TE AN G 2F AT R TR AR R T
P RAEE S AVE, [ E ) A YRR
I, MTRE i F R m ARG 2, 3 IR AR
PRV RCR KN R R FLR > H 88 B> L-Piik
I FREH

R 4 7JHL, IR AW FERT FIRAYE
(F0.01 (2,2)=99.00) i P {#<0.01, ViHHENEZLI %)

RISZE R B2, R B FEKT FIRA
{E(F0.05 (2,2)=19.00), HJl P {f<0.05, 1M H #&m
PRI AE A i, MR C W F(ERT FilmAt
{E(F0.10 (2,2)=9.00), Rl P {<0.10, A L-Pik
I FREMATIATS 45 R A — e e, IrLAEE A
HNE, NE B MHE CARERNE, Wit
SR SRR — 3K
23 EMHRGFREMHRMESR

DALAR B LR TR 7 204 T R DR A A M
55, I 5 WAl AL FRT YN G T B B A A
—20 °C. 4 °C Fl1 25 °CI_FF T, HIREH 1
TR, {H-20 °C TRt ticstg, 12 A ETE
—20 °C. 4 °C 171l %354 88.79%7F1 70.16%, i
FEIITE 1.0x10%8 CFU/g VU I, $dRA 5 9 L i
NRAEREERAS . BAE 25 °C TR IHAFTE R T %
HEERIZL, WWRE T RAF 12 A )G, fAaFEE
10.52%, ui AR E M s, RIVHGE BARIGR
SR N ORAT, TANIE BUAE Tl s 45 IR A

x3 EXRURERDINR

Table 3 Result analysis of orthogonal experiment

H# Factors TEER
No. A B @ E Suvival rate (%)
1 1 1 1 1 72.22
2 1 2 2 2 71.19
3 1 3 3 3 65.17
4 2 1 2 2 70.79
5 2 2 3 1 74.94
6 2 3 1 2 72.58
7 3 1 3 2 56.22
8 3 2 1 3 61.61
9 3 3 2 1 53.55
ks 43 505.62 39 692.59 42 605.09 40 284.50
ko 47 659.27 43155.91 38 231.98 39 996.00
ks 29 371.10 36 595.69 38 545.47 39 033.90
R 46.93 16.44 10.88 3.14
R & Ik
S.eiri;}r\y factors A>B>C
S YWIE S

Optimal scheme

AzB,Cy

91.63%
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Table 4 The result of variance analysis for orthogonal experiment design

T3 ZE KR B2 I Fl H1 ¥o7 FH PE BEN
Sources of variance Sum of deviation square  Degree of freedom Mean square  F value P value Significance
A 409.00 2 204.50 227.22 <0.01 *x
B 45.07 2 22.54 25.04 <0.05 *
c 24.85 2 12.43 13.81 <0.10
255 (1R 2) 1.81 2 0.90
Empty column (Error)
A 480.73 8
Sum

R5 EMRIRFREMELELER

Table5 The experimental results of powder storage stability

. ~20 °C i %K —20 °C {7 % 4 °CIh %K 4°CAFIEAR 25 °CIHAEL Living 25 °C f7i %
Tim Living bacteria Survival rate at  Living bacteria count Survival rate at bacteria countat  Survival rate at
(montﬁs) count at —20°C at4°C 4°C 25°C 25°C
—20 °C (x10° CFU/g) (%) (x10° CFU/qg) (%) (x10° CFU/g) (%)
0 3.56+0.13 100.00 3.560+0.09 100.00 3.560+0.11 100.00
2 3.50+0.10 99.89 3.390+0.12 980.52 3.170+0.10 84.06
4 3.47+0.09 99.01 2.850+0.14 930.67 1.030+0.14 53.86
6 3.41+0.16 98.34 2.020+0.13 880.46 9.160+0.13 39.00
8 3.07+0.14 95.73 1.170+0.11 830.97 0. 430+0.14 26.83
10 2.31+0.12 92.69 9.910+0.10 780.30 0.073+0.13 19.89
12 1.67+0.11 88.79 0.358+0.13 700.16 0.011+0.09 10.52

3 ZiwHitie

AT et R R, 6 R
i 126 1 0 T 2F AT TR A 80 R TR R B R
M) 356 B 36 PR 2R ) F R ks Wi i LA > H 5
SL-PLIN AR AN, oI AE LA X AR G 450
Wi e %, X AT REH TR AR TR T R, B
LA AT [ R T RS, AE B AR A IS ME B 2
T R A I DAGRAF, 0T S R T 140 5 2 AT
PR PR RSt — T 2L IS5 4, B8 T R IR
SOKEE, ITHERS T BRI A& R T R0

Syt RACR T IR T A G, SR
4 N 3K (E—2 ) Lot ER s
ALY RIS EL, IR e R R TR A AR i
Jrr WiREFLR 10% ., HEREE 4% . L-Hrdr i iz gn

1%, MEEFARAS VR T R AR A 28 91.63%.
YIS FLI U /N T 10% 0, T IATES R E I
R FLR VR BE A 38T i 48, TRt TS
25 AT TR A A 200 0 A 8 B 118 DX Sk ot 25 e 1) 46
TITTRE A, B A 3 T R A A S AR A s D
AT 58 T PRI (RS GRS LA 110 ¥k
i 10%0, Bl HHR R A3 IR PP SOk S AR A
ANBH R, IR RESE i T B R T R B R LR o 4
wa, PR Bt AR H R
0 57 ZF MO B BRI R S R A G, X
W BE (1% H 8 W 3k T R R85 F 1 T  BHL 1k
TRANAR P 2 B T R R A, TR 1 i e
W52 FHE Uit B B A 25 i, I T B AR i
IR B R AN st S n H s 4 %
XTERREI AR DIRE . BLAMARTISE Y L-HodR i iR
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R KSR YT AL, BRI YN S 2RI B A
B3R T o R IR AR SR T R R, FE
VA VR T AR X R IR 2R, 1 TR 31— P AR AR
FHU, AR . B-PRRRS R RS T
PRAFFI AT BEXT 2 2 AT BT TR A S R B PR
ETER, B e A I E AR 2

AWFFEAAFAN T 2F MO B BB R R Ak 1
Bt 5 5 e AR e A R TR IR L, i s
IIE B 0 H ERIE, ASEXT9N S 2E AT B AT E
BT P SRR o B, b T H e R
PFIAINE, oA TV AR =98 & 2E AT R R
KL T A . X AT RESEAEGN W 2E AT 1T P A
T AR K A R AR BT M TR Y
U H BRI A N ZHIEUR T, REIEE
FUTRAZR T30, A 2 AR

BEANASTI 5T 28 R A4 15 25 AT T T A0 804 1
PRI BT I SERt [, 4T T R A =
S, BAAAFR A A E] 3.56x10° CFU/g 455
K, #E-20°C. 4 °C FRAF 12 HJE FIfEE %
J3 9N 88.79% ., 70.16%, X N 2F MUAT B YN
FH I B 0 AR RO I R Y LA
—EMTE TR, FF NN S T B A A
B T ARA = FT T T RS A
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