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Preparation of Bacillus megaterium NCT-2 freeze-dried agent
by using response surface methodology
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Abstract: Vacuum freeze-drying method was used to prepare B.megaterium NCT-2 agents, cryoprotectants were
optimized using response surface methodology after single factor experiment.Centrifugal conditions, suspension
substrate, selection and formulation of cryoprotectants, rehydration water were studied on the impact of survival
rate.The results showed that the optimal conditions were 5000 r/min, 10 min and fresh media was the better choice
as the suspended substrate.Different kinds of water did not had obvious impact on the survival rate after
rehydration.Results indicated the optimal amounts of cryoprotectants formula were sucrose 4.51 mg/g, trehalose
0.9 mg/g,glucose 9.60 mg/g.The proven survival rate was 91.8%.
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AW VAR SR A 09 BAT R4 A= 3k it A 4 1
& 52 Rt 09 R 2R AT B ( B.megaterium ) NCT-2 2y
WFFEXT G, 7 25 v R TR B R il 45 7R T 1 57, Jd
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TR 70 A 3 A P T T BSOS & AR B RS 7 iz i,
PRATE 7, A 77 SRR 45 Ta) AT, Sy F 1 1 33 8 52 1 51)
B AP PR TR
1 #RERE
1.1 #R5XE

R ZEAIFT B ( B.megaterium ) NCT—-2 , i S2 56 25
PRIEL o

TR FREE(LB) :NaCl 10 g, R 10 g, BERE
BS5 g, 28Kk 1000 mL, pH7.0 ~7.5,121 °C K B
20 min, L EEREFENE  BEELRY 3.0 g, BEHE 15 g, KH,PO,
0.5 g, MnSO, 0.05 g, 7K 1000 mL, @rff 55535 5. KC1
1.0 g,FeSO,-7H,0 10.0 mg,MgSO, -7H,0 0.5 g,CaCl,
1.0 mg,KH,PO, 0.5 g, #Z5H## 15.0 ¢, KNO, 1.5 ¢, 55 11
W5 1.5 g, 7K 1000 mL, pH7.0~7.2, Bifig W85 2 i 3
Ji TR 100 g/L, 7K 1000 mL, 5085383 . 18
LB 15 FE LA 15~20 g/L B HIAT

ZWYR-2112B BIXUZEIRFRIK LIRS W54
A hil TS AT BR 2 W] DELTA320 pH ¥ M4 i — 64
ZAX %% _E A BR 4 7l BLBIO - XGCA # 5 L % fi%
e Bl ER YRR R 2 F] M200PRO £ I fig
BiEpbRA  FE R/ 1 TECAN; CT/4RO BUBL.LAHL K
£ ED B A PR ] sicount10 B4 [ B B ¥
AL B E R A IR F] ; FD-1-50e B H 25
RORTHRPL b nti B RS I s A BR A A o
1.2 WHE
1.2.1  BEIRZFAFFE NCT-2 R T mlhl s Ae &
FELSFERRERBEN T S>BCRERARHER
B IARRIP R Bk TR HK
1.2.2  ERZFEHIATE NCT-2 853 M A il 2k nd )
BB REFAATE NCT-2 #2287 % 100 mL LB 1537
A 35 CL,180 v/min FBVHEEFE 12 h [ AEHA 3 L
RWERE IR B B0 S Lk WEWE D, W1 4G pHT.0, §%
300 r/min GBS & 2 vwm % FE 18 h 53R K.
W], &EkE 4 h JH 2 P58 g AR E OD (660 nm)
i BEFMHECR AR B AT AT A
1.23  BORZFAAFT R NCT -2 ¥ 4 55 .0 2% 1 19
A OBUHEIK 25 mL 36 TR E .04 T, DL 4000
5000 .6000 r/min #5343 B A L 10 .20 min &5 .0 B5f
(8] , 2B EEASR) B0 2 0] B A A7 18 BE 7 119 52 ), G 7
ANTRI B O 251 T MBS 0 2R 338 B0 AR I %, DTS
PR AL 1988 0 S, /D AR g 5 5 0 850 BT AR
BUEAR SR & (m,) KBS0 FIH R G BR B
(m)) A EEFREERE R, AT

Wi (g) =m, -m,

BLODPIR AR (%) = BIH WIS B B & RS
B M x 100
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B R (% ) = PE UGS B B (R W0 e
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1.2.4 BT R TR RO 2 m WRT
TR M — 2 BB TR L T AT, BRI W Ry
MEEFEANR T AR T X 4 i vs 1A T SE . DUET
3SR RN 10% BB Wiy 1E R BT AL, 5 wgiiR
GIEIMA15.0 mg {357/ ¢ VW be o REHE H A B I
FER  H BREEVE SN R TR, AT R T,
G E B AATG 2R I E RInR .

PRI (% ) = HT A 1E A (cfu) /R TR
I EE(cfu) x 100
125 EEERHRTEITE BB KRZFMAFHE NCT-2
PR B TE ¥ UR VKA T AT TR, UR 4G 58 4
FIE BN VK i 5 100 R 29 104 AT 9 T A\ % B i 3 R
-30 CHESRETEILNZRT 22 h,
1.2.6 B3 RI05ERE  SEHURE AN LAY
W5 EAT L 22 SRR I el L H EREE L H AR A R —
TR TAR Y I 58 Ho A R T 2 B2 vh X B O 2R F AT B
NCT-2 fER P e . Horpr, M A 0 L B L 3
By 2 ZERDRS BRI BE 4352 0.9 (4.8 9.6 .14.4 mg
PR/ g BB 5 5 SO L H R . H Il i BRI BE 4y
W7 0.9.2.3.9.9.6 mg {#4F/ g TR o
1.2.7  map mEE AL R TR FIEC Ty R T e 5
AR PRI T, AR P PR 3 e S B 25 IR, R BURE
BECX)) T (X)) A (X)) =B HEER
B AR, B R ZFEHATE NCT-2 AR LETE 2k #4H W 45
tr , K Box—Behnken Jy 3 ¥ 11 M) 3 18] 43 B S 5, B
RV BRI 1, SR BT S R L3R 3.

# 1 NCT-2 B A0 L T P 3K 3%

Table 1  Factors and levels of RSM of
survival rate of NCT-2
K-
A% -1 0 1
X, HEHE(mg/g) 0 4.8 9.6
X, MEHE (mg/g) 0 0.9 1.8
X; %0 (mg/g) 0 4.8 9.6

1 :mg/g 38 mg AR/ g WA
1.2.8  E RZFMFFEE NCT-2 BRI E /K ISR
BN BIIIA 7K TR KRR 7K 7 R 310 4 R
BB, HCE 1 h, e 255G RS 3, S50 &
B = IRBCFHEIME .
1.3 HT\EHITHH

K JH Design Expert 8.0 /4 5¢ i i 1. T B 11 4
P53 M | S AR A 58 57, W SAS 9.2 R B P it
1725 B PE 2 4507, Origin Pro 8.0 #E17/ER
2 HZHRE5HH
21 BEXFAEFAFE NCT-2 &K HMLrZ4E

VLB ] 2 48 AL B3, ODggo S DA AL HR, £ 1] NCT -2
AR, S5 R E 1 TR,

rh &1 RTH, B ORZEAT R NCT-2 A Kad fi
0~4 h LR ,4~20 h %P5, Hip 16~20 h Ry
SECARHA,20~32 h HEasE . Bk, 358 MR BOR B

20164F £ 1157 157



I@&:Miﬁi

T

Science and Technology of Food Industry

1.0 7
0.9
0.8

2 0.7

£ 0.6

(=]

g 051

A 0.4

© 0.3
0.2
0.1
0.0

0

. A
=

e

4 é 12 ll6 20 2I4 28 3I2
Il (d)
BL EOREFAAT R NCT-2 A K 4R
Fig.1 The growth curve of B.megaterium NCT-2
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AR B AT 3, U B ARAF 15 R 75.43% o T2
SEYGBE AN H AL O I TR I 220 = U - 44
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Fig.2 Different rotational speed

and centrifugal effect on bacteria survival rate
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Table 2 The freeze—dired survival rate of

NCT-2 in two different suspended substrate

b RPNl BBy I 10% MiRE 9543
FEHER (%) FEHER (%)
HEVE 63.2 £3.54 36.0 +0.61
kb 88.3 +2.91 85.0 +4.85
TR 85.0 £2.89 11.7 £0.23
HEEn 3.20 +0.15 9.30 +0.47

P2 2 g5 S AT DUE H T8 PO AP R v, DL &t
B FR A N B TR R B R AR TS R = T LA 10% ik
WA Ry BV L L A UG R, AR R, B AR
Ca®" \Mg®" &5 58 (I 4N ML (1498 355 T & A e A8 DTG ot
A = 2R 3R, (H R X T — e B ER e W i 5t 3E 2
WM Na® K* Mg™ " A] LI IE S B2 B R T B AR
AEm R DRI S e s 3 SR g AR VR L TR AT e
— R R G D S5
2.4 HB—FKTFHRPFIHIE

WEEHAG TP ] LR RS ER TS
PIRTEIG 2R, 4 R 22 B0 A0 Bl ¥4 VR 08 B 1) ) S A AE T
A SR A T L R R AR R R G )
AR T IV R R, DR e 5 b 2R A 9 50 Y
FhZE N m AT IR, aniE 3 FraR, I ACK [E] Fh
ZEFNHR B BOR TR S B RZEFAT B NCT-2 A9
TR
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Fig.3 The sruvival rate of bacterica after

adding different cryoprotectants of different concentration
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TEARZ PRI 50 TR g B ORI B8O Iy W 28, R
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TER IR TIR AR P Be £ 0 B v, 2855 IE AR R+ 1R
AR B PR RE , 34 2225 TR B AS K JE I B U A
A A P A B YRAL 5 TR, 750 &/ sk U B 5 T L
AR R A AR R OE T

2.5 W Rz EERAL FR T RIPFIETT

Mg O7 AT L RSMJ& oy 1 48 3 28 R b e
PEACZE A BE T B9 52 56 T 58, J — b v 2% 0 e Ak 1%
AN S HTARSY  2E RN P R 3 R A DG
PEFAAT] =22 18] B AR EL S A, I S R AR A
DAL LR A, AT PASR v 2 77 2808, b Sy, 3
Bleamghit.

RS B PR 2 S0 45 51, e IBUREME (X)) | i b
(X)) HIZEIHE (X;) = A BOR U FEE R [ A2
o EAAAETE R AR A AR, SR ] Box—Behnken fY 1
U EH A S RO, EA T =R ER =K R e 1 T S 5
27 ASHr PR AR5 AN X0 25, BRSPS
W, BB A5 R 3,

%3 NCT-2 BPKTEH 3 BBD S:Riif 545
Table 3 BBD experimental design and results of

survival rate of NCT-2

LHT RN s AN FAG R (% )
1 -1 -1 -1 16.2 £0.73
2 -1 -1 0 45.3 £2.04
3 -1 -1 1 66.9 +4.68
4 -1 0 -1 53.4 £2.67
5 -1 0 0 78.7 £7.00
6 -1 0 80.0 +1.84
7 -1 1 -1 76.8 +4.61
8 -1 1 0 78.3 £5.25
9 -1 1 81.2 +7.15
10 0 -1 -1 45.5 £2.05
11 0 -1 0 78.8 £2.52
12 0 -1 1 81.7 £5.23
13 0 0 -1 82.3 +3.29
14 0 0 0 88.4 +8.66
15 0 0 1 89.6 £2.96
16 0 1 -1 91.3 +2.01
17 0 1 0 82.1 £6.57
18 0 1 80.5 +3.62
19 1 -1 -1 67.0 £4.22
20 1 -1 0 70.2 £1.54
21 1 -1 1 74.3 £3.34
22 1 0 -1 69.8 +3.14
23 1 0 0 80.6 £6.13
24 1 0 1 83.7 £4.19
25 1 1 -1 60.0 £2.70
26 1 1 0 63.2 £6.19
27 1 1 65.0 £2.93

Vol.37,No.11,2016

AE A B BARm A S 25 R EXC RN
By &8 B A5 Y. Y = 20.67500 + 13.83072917X, +
78.71296X, + 8.66753X, —5.69444X,X, —0.45166X,X,
—4.14931X,X, —1.24674X,” —=29.12037X,” —0.35807X,’,,
Horp )Y SHERT 5 B IR AT G 2, X, SRR, X, b

122 Uk BT 7 25453 0T 5 00 U 2R 800 S R R 56
ZERANZE 4 RN IZBERITE o =0.01 (7K L [B)H R
E(p<0.01),X, -G @bk X, —H# &M XX, - b
w VRO X, - HERE S o B3, KU R R
PEX > X > XX, > X, BER e E RBR =
0.9123, JHHEL 5 Z2 8L R, =0.8659 , F WAL RY 0] L), figf
e 86.59% 14 i AH AR AL, BERUHLG AT, SCO iR 2540
XFEE /NG PRI, 225 AR AT L 43 AT R T 0 A TR 4% 44 %o
PR T PRI R 52

F4 YR T ] AR () T 25 A BT Al R
Table 4  Variance analysis results of

the quadratic response surface regression model

JERIE CFOrM AmE ¥y FE pfE

R 642484 9 731.87  19.66  <0.0001 **
X, HEFE 180.50 1 180.50  4.97 0.0395 "
X, GHEM 97535 1 97535  26.68  <0.0001
X, HAM 100824 1 1098.24 3025  <0.0001**
X, X, 143445 1 143445 3951  <0.0001**
X, X; 25669 1 256.69  7.07 0.0165 "
X, X,  761.61 1 761.61 2098  0.0003**
X, 977.93 1 977.93 2693  <0.0001 "
X,? 659.40 1 659.40  18.16  0.0005**
X,? 80.67 1 80.67 2.22 0.1544
R 0.9123
R 0.8659

T EREE p<0.05, " 2R EE,p <001,

PRFFH P — A Z R, HEWARE RS
ni W AEL Y G R i Design Expert 8.0 {4 4b BRAS: 2]
M A0 K 4 B, ) LR S B A% BN 2 AH BLAE
FHEZMm, M 5 1T B4 d5 78 2 AN SR LR AT LUE 25 A
2 A FIT 58 Y0 [ P9 AE e AR AR, BV 0i o e e o, iX 5 K 4
Hop (B4E R — B, 78 AS 1 I B AR AR G R
TR 5 70 S 58 AR FH X R AR 77 135 SR 5 i Ay . =
(p <0.0001), 22 T AE H W F M. XX, > X,X,
> X, X506

AR [] U1 A5 8 T3 A R AR A7 00 % ) e e L, 2
REPEU S 4.51 mg/g, Vg FENE U E 0.90 me/g, Fj %
HH 9.60 mg/ g, T H Y BEAARAF G R0 93.64% . T
R 585 Wi 1 T 925 B R A R FH 2 TR S, S 6 2
SURELIG B I(E , A5 R ARTE WG R R 91.8% |, SLPR
{H EE TR 1R 25 N 1.96% . [A itk Wi 7 T 325 %0 3k
LB B A S AT AT 8, A5 2 i AR B 7R e A S
R N FHANE o
2.6 NCT-2 ZFHEFIWEK

SKIEHR T UM 2 5 B A — AR, B9 r
JFHI R 57 LA B 52 T3 45 140 0 2 5 Wil IR s 19 B AR A TR
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Fig.5 The survival rate of bacteria influenced by water type
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3 #ig
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Tl 7 N B O R WU TR, R TEAS [R) B0 o

160 56113

T st T Ko BT A 2 o0 81 % 3R R A7 1% SR I 52 i, e 24T
AT IAEES 0 454 5000 r/min, 10 min, &R 57 5%
RE LR SRR N B TR I T . AR A o B R 2R O
Bvv 311 W EVATTET ) € e 5+ T = | N i e VA T
LA v 00 ] U9 3R, 5 S 48 S v 5 R P A v L
E T B AR PFINS T A BENE 4.51 mg/g . U B8R
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Fig.5 Concentration changes of main components
and effects on the yield of trehalose before
and after malt syrup pretreatment
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