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Preparation and stability of the natto microcapsules
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Abstract : This study was based on natto as main material. Single factor experiments were used to examine the influence of
proportions of gelatin,arabic gum to coating wall,the ratio of the mixed wall materials and the ratio of the wall-cord materials
on microencapsulation efficiency. Then the optimal process of natto microcapsules was optimized, and the stability of the
microcapsules was analyzed.The results showed that the optimal process parameters were as follows : arabic gum of 5% , gelatin
of 5% ,the ratio of gelatin/arabic gum of 1:3,the ratio of wall-cord materials of 10: 1.Under these conditions, the highest rate
of microencapsulated was 93.91% =+ 0.21% .The irregular surface and the porous and loose inner structure of microcapsules
were observed by scanning electron microscopy( SEM).The microcapsules were more stable than the native nattokinase by the
pH and temperature.lt would lay the foundation for the development of new products of natto and nattokinase.
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L A7 T RS, %ob T D RE AR S —4 W O )
R 7 T B ge 7 RSB AR PR
TN T AT ORI M A AR TCTE M LB AR
TNRREE IR LG Y R HE 7, RIS T a8
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HAS R F 58 18 A W IE o N I, A 5T 78 15 S0 &
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A 9N AR FE A Y R T2, IRl A AR 2] 1
TR HE = T AT R E PR AT, B 1R A5 B R A
PN S I SR 5, AR S P= T R R S
1 #Rl5FH*®
1.1 #R5EE

9N RS B ZE 8 M B ( Bacillus  subtilis natto )
BSCZ-4  SLBGEE 43 B RAR; PRI (5 kU) g [k
FOHEZE IR A ARG BR N F] 5 BE LA (1000 U/S) |
LT qEE s WA Sigma AW IR B, 1L
R T R AR A R A B BT R (& &
) HREIAES TEARARARE EAK. 4
N OBEER AN BFER A T ANEE YN EITE Al
WY W HBEET R R IR AR R &R
EH550 g, 4~ & 3.0 g, NaCl 5.0 g, 218K 1.0 L,
pH7.0; #h IR HAWRS5.0 g, 47 3.0 g,NaCl
5.0 g, 51§ 15.0 g, 25187k 1.0 L,pH7.0,

DRP-9162 #IH#EIR G IR LB ARE L%
XA A PR 5] 5 SW - CI-2D Bl ( 52 A 3 BT # ) XA
PATAES TR IR &A RAF ; ES-315 Al

TR KUWHPERE A RA R A K% pH
1 FEESEZ ROy F] s SPH-200B RUPEPR  PH
LR A Y RECE BR A R HC - 3018 Y /& 53 25 .0
Bl ZEOP R EREA R AT BR A F] s LGI-25C #l
WERT AL JEE DU R 2SS A R A A JYL-
CO51 BIMEVHHL  JLBRAD A BR 2 ] 5 S—3400 HUHi, 1
FR MR WY O RRH A BRA

1.2 XLWHE

121 Fpruw Ayl g 2R 2 Pk BORE B AP P
W, R T 267 100 mL A4 FF F B 3= 5L 1) 250 mL
=S ,37 °C 150 r/min $ERFEFE 15 h,

122 NEALGEEETERRES Ha it ko
B (24 h) > EANZ AR S ERAKRA(12] C,
20 min) —>A#p—BEH (BT H 8% )37 Claimizsi 24 h
—HENKA TG (24 h) > RFAA S,

1.2.3  fUREEMHI  SRABB MBI HAA B 25
BERE XN TR AT AL, W P R RE A4 W 5T 43 0

158 50177 %20m

TEHA

A —REE B AR, BE i — R B 5 RO R, T
TE 60 “CoRUT R I , (01 158 2 5 fiff Jo 1 A Bl BE A4 15
WAE 60 CH%—5E LWl FE MR G35) . dREEiiE,
FFEIA—E BB EE W (LA 12 1 FE i Ak
gl FAME PR HATIR) | Fr R A 5005, 4R 224
1 he BEPEEE AR RHR G W E AR IR LS O+
o, 2R ik 100 A, 445 20 ke 3 il o o

1.2.4  BlOREd & a0 18 R W s iR oy
R 3% TR B T S0 RO 3% VBER T IC

He (RS S BT R A AR B L v/v) A 10 1 B RS He (B
MG EAARFEE v/v) R 50 LB E ST, 4 25 8%
BH RS W T B 57 B 2% 3% A% 5% 6% , BIHiAA
SR BT ECHN 2% 3% 4% 5% 6% ,BEM TR
Be Hb (BB S8R A SRR v/v) S 125 1:3 (111,
3:1.5: 1), BEIN L (BEM SO IR R b v/v) S 201
5:1.,10: 1 15 1 X I A2 SR 2 i

125 IEACFY  EHHERTEILEL B, N T
FEANR) PRI 23R 22 0] (9 25 5 R 07, 38 33 W e s YA o ¢ 4
- N E VRS D N ars S G W = A TN = T A 7S = ©2)
HEZR PR FEER , UL TR e il £ T 20, IEAS S50 1Y)
HKHERFKFEIFE 1,
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Table 1  Factors and levels of orthogonal experiment
BES
e 11 11 A Fies
ke APTLABE BB e e
B BUROEL Nrang -
EDR(EY ] AT % 2
(%) (%)

1 4 3 1:3 5:1

2 5 4 1:1 10: 1

3 6 5 3:1 15:1

1.2.6  UREEROIASHBIIE R 7 254

55 (SEM) X 4l A% 2 1 SO &5 A E A 740 BT o K20
VRS SR AR T WG T X A RE S & L, Ik
AR A o o ol e % A7 i 4 AL PR, 7R FH 9 i R
BEUEATIARN , USRS 22 1) R TR S 25 A AR AIE o

B — 2 B PO A e 2 7= i B T I v iR A T S T
P, AT E S HE T S ) R B R S M K Bl AE SEM
By G L PR R4, 30 min S EYEET
SEM i L 2R 15 KV,
1.2.7 R EERS B HEFSE
1.2.7.1  pH XfifegeRa e m s m 43 BIFREBURUIR
FE7 T A TR ARFE 45 1.0 g -+ 10 mL Jo/K £
o, A, S VRS W pH 43502k 4.0 6.0 7.0 .
8.0 .10.0, F=EIRALE 5 h J5IE 99 S EL A 8 3,
1.2.7.2 R BEX R #E R e PERORE I R A 3
PR TUBE 38 7= i B 40 0y AR RE i 4259 TR 4% Hoas e
43518 F 20 .40 60 .80 100 C /KA, HCUE 4 h 5
RE YN TR R
1.2.7.3 W IXT O ZE RS E R sE I R TR
T NG A R S AN B A R, B T
WIR &M (=20 C), Wi &M (4 °C), & iR &KM
(25 °C) SR 4514 (42 °C) & 45 d, 2 19143 5 HL



@%si&@h‘«il

TEHN

W, 25 XA ) 5L 0 ISt 18] 3o f e i A g ey S
1.2.8  fUBHE™ S8 bRl 22
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2. R YRR AE AR £ 0T 453 B )3 7 F2E: y = 0.003x +
0.3937 AHK R K R* =0.9976, Xy Jy % fi Pl 1
B x MG T .
1.2.8.2 TSR AIERWNME  a RS 10
W2 FRE 1.0 g il 45 G 16 ol T 48 5 L il A AT G
T =g, I EL V8 S 8 A T 4 4 T 7 o ks 4l
K1 mL Dy, [B o syt 2k il 6E , 5 2
2 5 mL, 3R FHEBE M — 27 4 55 7 00 2 HLBES

b= I A B TS 7 I R FREL 1.0 g il £ 4r
O TR 4 , it PE i A B 2liK 50 mL, i 22 58 423
i, I LS I .

2 TR 2 2 AT A TS

ELIC0) = (1= ot b 1
1.2.8.3 (I 9 SR ERAR B R I E SRR
Ji B v g AR B R FE AR, HO TR AN TR

N L VRO LR B AR (%) = Ak BRS 9 SL U R
F71/ 2k BRET 9N GBS REE J7 < 100
1.3 HiEAE

KA DA = Rl Sz RE I S ST P AE 2RO R
DPS 6.55 #k{EIEAT 53T , Gt 4 R F ke, 2 &
H#E R A LSD 355 p < 0.05 ¥ A & R A7 7 &b 35 M
2R,
2 @R5I®
21 BREEXWHER
2,10 AN 4380 B S T YR R BT A T T
AHRPFER S T RS UK FE AR AR
VA B JESE s R 8] A R 5 T M B B, F Y 3 S
SO AL R A RL i, 5 SR 1 FnE 2, AL
T LAFE HY B RS V5 T I e 40 B80T RS A 0, 3L SR B g
2 I RV T R Ay R 4% I, A S R Gk
e KoM 93.78% +0.35% . Hi &l 2 AT, Bl % BT AE
T2 5 R ek 4 5 8 P, LA e 4 1 R L R S 4
TG BEAR B AT, SEAS S T 7B, T A1 e 75 R o i
SR 5% BF AR R KK 93.39% +1.74% , Al
AR i T 24 B b ¥ T 4 B AR, AR DK s
AW BE AN S W 2, 2 R T e A K&
USROS R T, o A5 A S SRR AR ARG 5 1T 24 B A I
WT R A e R, T TR A 0 B R R B, TR RE 1Y
WP hl & Ik AN RE H m iR G, S Ec R
TEES
2.1.2  BEM S XTSRRI FE S PR AR
R R 5 PR B — B0 BE B I R Bl ks B 458w A A AL
S PRI, G Rk 45 A R sl R LA b % BE B A2 L [H)
Ak ER T BE A 114 20 R A HU B B R T s A o 1) i
FEPEFE bR, T LA 58 HRE A4 15 W ) D e S A5 JE
T ASHIFGE LA B R RN BT AP B T T R B A T, WF
T 5 B EL BT M SR ), 25 SR UL 3. H AL 3
PN, M A H R 1 1, A SR Rk
90.09% +0.76% , H W b &5 T H AR B Lk, 7E BE B4 19
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Fig4 Effect of the wall-core ratio on encapsulation rate
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Table 2 Results and analysis of orthogonal experiment

TS A B C D AR (%)
1 1 1 1 1 84.88 +1.38
2 1 2 2 2 86.95 +1.54
3 1 3 3 3 89.49 +0.27
4 2 1 2 3 90.76 £0.55
5 2 2 3 1 85.89 +1.65
6 2 3 1 2 92.64 +0.58
7 3 1 3 2 86.25 +1.78
8 3 2 1 3 91.61 +1.37
9 3 3 2 1 86.18 +0.64
k, 87.11 87.30 89.71 85.65
k, 89.76  88.15 87.96  88.62
k, 88.01 89.44 87.21 90.62
R 2.66 2.14 2.50 497
®3OIERTRITETR
Table 3 Variance analysis of orthogonal test
yrkm BE pmg sy P Bk
7
A 21.89 2 10.95 7.48 *
B 13.94 2 6.97 4.76 *
C 19.75 2 9.88 6.75 *
D 75.13 2 37.56 25.68 * %
R 13.17 9 1.46
BARS 143.88 17

F:ox RORZEFRFE(p <0.05) 5 + = RKonZE 70 B3
(p<0.01),

FHIESZ S8 45 R FN J7 22 53 B 3R vl LA HY, Bl 47
AR 2 (A) (IR B 53 2 (B) IR/ BTz A7
JiE b (C) S REAL B (D) I PU A~ PR32 X 4 o 184 il
1% 7 Y e S U by BE A B EE > BT A1 Jie ot
SR > W e/ B LAY B > B TR Ay AR, BIVEE LS
Fl X A0 e 2 G TR A< R i) e R, 2 B I UK K,
Sy BATREAF B ST k53 K5 WS/ BT A 2 LE , T B R S

160 5177 220m)

T HK

AR B B W B . MR B A A 4% 1 R
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2.3 WIFXEW

MRS IF 3E S0 4 45 RS B R d AR
A,B,C, D, AT E N (n =3) B aEPESI S, 75
TR BE I Ay 90.49% +0.62% , H:IT A5 2 1) 5 iE
SRR T IE SIS 6 4 A, IR A X 1 58 52
556 4 HEAT B UE 92 4, A5 G 1 e A B R Sy
93.91% +0.21% , NILESE A,B,C, D, Nt HE,
TESEBRA 7 ELAT — 5 S A A
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Fig.5 The SEM of microcapsule structure
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