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Box-Behnken response surface method optimized BSP/PVA wet spinning process
and fiber performance evaluation
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WANG Yi-han
School of Pharmacy, Southwest Minzu University, Chengdu 610041, China

Abstract: Objective To optimize Bletilla striata polysaccharide (BSP)/polyvinylalcohol (PVA) wet spinning process by Box-
Behnken response surface method and prepare the composite fiber and performe their structural characterization and performance
evaluation. Methods Taking the OD value of three types of mechanical property data (breaking force, breaking strength and
elongation at break) of the fiber as the evaluation index, five factors (BSP mass fraction, PVA mass fraction, volumetric mix ratio of
BSP/PVA, coagulation time and spinning speed) were investigated by single factor experiments. On the basis of the results of single
factor experiments, three factors (BSP mass fraction, volumetric mix ratio of BSP/PVA, coagulation time) were investigated by
response surface method to optimize BSP/PVA composite fiber wet spinning process. The morphology, structure, thermal property, and
absorption property of the fibers were characterized and analyzed by SEM, IR, DSC, and water absorption test. Berberine
hydrochloride (BH) was used as model drug to evaluate the drug loading property of the composite fiber and antibacterial activity of the

drug loading fiber. Results The optimal spinning process of composite fiber were as follows: BSP mass fraction was 7.5%, volume
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mixing ratio of BSP/PVA was 1 1 and coagulation time was 3 min. The composite fiber had a dense surface and formed a

three-dimensional network structure inside, generated intermolecular forces, which enhanced the thermal and mechanical properties,

and exhibited excellent water absorption capacity. The encapsulation efficiency of the composite fiber reached 70.2%. And the drug

loading fiber formed obvious inhibition zone in the bacteriostatic zone test, which presented excellent antibacterial effect against E.

coli and S. aureus. Conclusion The optimized spinning process is feasible and low cost. The prepared composite fiber has better

physical property and certain coating ability, and its application in the field of biomedical textiles is worth further study.

Key words: Bletilla striata polysaccharide; composite fibers; Box-Behnken design; response surface methodology; unification of

medicines and excipients; antibacterial; berberine hydrochloride; wet spinning

M & Z W (Bletilla striata polysaccharide, BSP)
MR A K JEEY A ) Bletilla striata (Thunb.)
Reichb. f. HISRZEH SRR —Mrp i 220, b g
HIEIPECL 2.4 0 1 IELBIE R, HAPIR . (EdkReL.
i B R S Re S BT R S R s v B
LA G 25 i I B2, B T (MR AR A,
JE AR (i E 2 ) Usdk, BoAdsiubii .,
AWIVER, TRk, w5 i 2 A a s H
M AEFERA,

BSP YE N B i FE bl pl sy, BA RIFHIAE
PR AENE. RMEE. B ST REARTE. JoRRIfERISE
Ry o LR, BSP fEZ Ik R G B AL A
BT FARERZ, WIFAROIREUAE. JRRD)
RRL EROL, TR KRRV i) %
BB TSR 7 Eokh, IR0, fE254)
1) 751 S 6] T SO S0 R ) i B S P R

BSP i i {7 22 v] | & R A 4R, (R T
JIFPERERZE MR 1 S H, MOt AR iE B> . R
ZJ&EE (polyvinyl alcohol, PVA) & —Fh e £ 3t
ISR R G, BA LD AR A YIS R,
N R AEE R = TR R . PVA TR T
BSP £F 4] i ) Sy 22 R RE, 3K BSP BN VG .

A SJ2 0 40 T B TR 2K 2 ORI B [ e T LA
BSP/PVA £G4 T2, W RE G AN ISS
R RE . A ARG 4 Nk, URA
PUBEAEH IR ER/NEEWR. (berberine hydrochloride,
BH) TENERIZGY), i #&63 BH KIZier4E, JF
X HAGUR G EEAT VA . BHEERE T “2fa—" 1
22T ERR ), TR R — M IR AL B E
AIFERI T 245 T2, H & —FhoFr LA 3T BSP )
HE 4%

1 XEEMR

MP-01 @32/ N GG 22 1, Bl , VSRR E 1~
50 mL, J#FE 0.01~12.50 mm/min, #/7>50 N, Y
NERZARGT 5 i B Dh BELT 4ERT A % s YMO61 HE

THLD58 14, M IeRAX A R A 7] 5 ISM-7500F
YR SR P B EE (SEM), HZA JEOL /AF;
ESJ200-4 8755y 2 — BT R, JLBH el AR
AF]; UV 2400 LA JH A, Jb S bie A
FARAA

BSP, stz EE], Hil# 7 ES WOk RED,
BH, #it'5 B139120, Jii&E/%=98%, kil T i
AHl; PVA1799 B, 4WE . EEMKE. S, 3=
BN AT A, AR E SRR A .
2 FEEHER
2.1 HFRS5EEFENGIE
2.1.1 i) K BSP Ry R T HUK
W, 78 70 CHBEITFERRBEFE | h, HZC AWM,
#1145 — RFIA A 5 2 73 201 BSP 9524 J50K s K PVA
BUATERAE SO, 1695 CHIRE S RERs 45 HE 2 h,
HZETEAEEM, $115— R & 580 PVA g
22 )5 - BSP 5 PVA R AR LU SR #1152 A
izt R, FER AR SRR .
212 WIEGi# T2 BIBEYI LR, (EEE
WIHERT, ZERABISIOAE G Y7 2 5]
FEANWNAEN 0.55 mm [)5225F 3k, MEfEZRLHEN
FEAE AR, Ha S, TEE. Bomtss
SUSEIEHIFS N
2.1.3 4k % ERIEEYI AT Y, BURE
3R 7.5%11 BSP 7 22 7 ¥, il % BSP 414 (BF);
¥ BSP 9522505 PVA 9522 JR % Lu LR, )
BELGAY (BP); B BH ¥R IMAE &Y7 45K
W, il R E O8N 1%00) BH 2994748 (B-BP).
22 BEZRKE

WG AF: BSP JliE 4L 5%, PVA &
15%, BSP/PVA HAFUREGLL 311, Fi22@EE 1.5
mm/min, #E[E B [E] 2 min.
2.2.1 BSP Fi&HEIEH—{E (OD) fIfm
TEMEGI 22 R, e HoR 2k, 40 ol BT &
BN 3.0%. 4.5%. 6.0% 7.5%. 9.0%H] BSP %j
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22 JRR I 2 A YT 2 IR, 25 5RO i & o B0
BSP XJ & & 4F4EIMiALan /). TAsRE . WK
KEWEH OD (HAI5Em, ik J72A MRy i I
“2.43” IR, OD {ERIHE KM Hassan J7iEX] &
FRbR o 1 AT AR A G 4, A ILROR N 0~1
A1 (d)s di=(Yi— Yiin)/(Ymax— Ymin)o 1,
Y NSEE S Yovin B Yinax 23 TR —FRBRAEA K
TRIE H AR A A P ) e IME RN B KB . ARE A
3 OD=(ddrd3*-di)"* Ck NFEFE0O K43 OD {4,
F & 1 A1, OD {HFE BSP Jii & 2 F0 A3 o 7 =1
BSP Jii s Bk F 7.5%2 )5, OD {HIF4E K.
IIL7E Box-Behnken 4L 1% 1T+, BSP Jii & 5341
(3% B B 2 6.0%~9.0%.

2.2.2 PVA FE/ET OD EKGN Ry
AR, [ AR A, A T BT 250 0N 12%.
13%-+ 14%- 15%- 16%[1] PVA 4j2 il E &
Yi ez JFH, 55N R 24 ) PVA X A4 4E)
Wragdam /. WrRam s, WK S EUR I OD fE 1Y
SN . FHER 2 AT%0, OD {EFHE PVA 5 & 7> ZU 3
I F+ 7, PVA U&7 HUN 15%. 16%0 95 K AH -
FReF) PVA LB HUN 15%M 16%0F, XF OD 1& 1)
S 2= AR /N, WU E PVA IR B E0N 15%.
2.2.3 BSP/PVA AFUR A LLXT OD EIMEM  [FH @
HApKAME, 530K BSP 9i22)7 75 PVA 95225

#F 1 BSP REZSHHXT OD ERIF M
Table 1 Effect of BSP mass fraction on OD value

Wrdsm  WTRGRAE/ R

BSP/% OD {8
F1/eN (eN-Tex™))  KH/%
3.0 60.84 1.075 55.94 0.00
4.5 61.86 1.076 56.08 0.08
6.0 63.25 1.094 56.83 0.54
7.5 65.27 1.098 58.46 1.00
9.0 63.08 1.084 56.92 0.43

2 PVARESEXT OD ERIFM
Table 2 Effect of PVA mass fraction on OD value

311030201010 340 35 MR k4T L
B, BRI EIMTIRILY 42, 5% BSP/PVA &
FUR G LU S A A4 R sR J) . WrRsmaz . s
AR OD (ERF2M . H#%& 3 W41, OD i
bE PVA 7E BSP/PVA 47 22 JF3 A 1) o L3 K - e
7t BSP/PVA ABURA N 11 1 B2k 5 KMEH, B
Ja N R, ABURA KRR 3 1201 1 1,
3 4 #7542 Box-Behnken 56 % %2,
# 3 BSP/PVA FFUR&LLXT OD BRI
Table 3 Effect of volumetric mixture ratio of BSP/PVA

spinning solution on OD value

Wigdom TR

BSP/PVA W 2 A

oD {#
HRBREH 1N (NTex™)  K&E/%
3:1 62.44 1.082 56.24 0.21
3:2 65.83 1.094 58.64 0.34
1:1 72.36 1.206 75.23 1.00
3:4 68.81 1.117 62.06 0.51
3:5 58.57 1.057 51.29 0.00
224 iz EEXT OD HIMFm (R )it

PP BUE RS JFM, [BEHR &, Wty
LRI, HEAFYILEE 1.4, 1,61 1.8, 2.0, 2.2
mm/min XS FLERIWIRRT) . WRRE ., Wi
AR AR H) OD BRI . 3K 4 7%, OD fH
B 7 22 3 5 A3 KT =, 7E 2.0 mm/min B9 B 5
KA. BEEZRMXS OD MRS, e g 228
&N 2.0 mm/min.

2.2.5 BRI XS OD ERISEN  ERILYT 221t
PR ICE B2 R, B E AR %A, IRy
22 JEFYRE ok I 345 PR 8 ] N 1), 285 A [R) g il I 1) 1
2. 3. 4. 5 min W EELFYERIWIRGE ) B RLGREE
WA AR G 1 OD (E HYSZ M . Hi3% 5 A%, OD
AL 5 ] I 1) (R 18 KT vy, BEf] 3 min 2 )5, OD
{EFFUE TR R 7E 3t —28 1) Box-Behnken 45410

F4 GILEREFT OD EHFT
Table 4 Effect of spinning speed on OD value

Wrdom  WTRGRAZ/ W

iR/ WiRGR WIRGSEREZ TR

VAR J1/eN (eN-Tex™)  KX/% oD (mmmin™)  J1/eN  (cN-Tex)  £KF/% oD
12 61.84 1.062 55.24 0.00 1.4 62.47 1.084 56.49 0.00
13 62.07 1.069 55.78 0.40 1.6 62.49 1.086 56.52 0.28
14 62.23 1.077 55.94 0.67 1.8 62.52 1.087 56.59 0.65
15 62.44 1.082 56.24 0.95 2.0 62.58 1.088 56.55 0.78
16 62.35 1.084 56.29 0.95 2.2 62.55 1.089 56.55 0.76
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Table S Effect of coagulation time on OD value

At A, e I TE] /K SFE O 24 34 4 min.
2.3 Box-Behnken a5 B AR 31T

RN WG WG MR 231 IR SER FERDIER R IR ik
min JU/N — (eNTex™)) — K3H/% HU BSP U&= 434 (A). BSP/PVA FURALL (B).
1 58.86 1.049 5375 0.00 I 8] (C) A G 2, LALF 4RI WAL 77 (Y1)
2 62.44 1.082 56.24 039 WigaRE (Y. BiRMKE (v3) ) OD NP
3 66.52 1.107 60.59  0.85 FRFR AT Box-Behnken 156 511 %P 2K I
4 70.58 1.066 53.56  0.07 # 6. Box-Behnken X451 11/ &M OD {8 £ W,
5 71.55 1.059 53.55 0.00 * 6.
% 6 Box-Behnken MR ARG IRIT KGR
Table 6 Design and results of Box-Behnken response surface method
SIS A% B C/min Yi/eN Y2/(eN-Tex ") Y3/% oD 1

1 7.5 (0) 1:1(0) 3(0) 78.49 1.273 77.93 0.90

2 7.5 (0) 3:4(0) 4(1) 60.28 1.064 55.84 0.20

3 7.5 (0) 3:2(-D 4(1) 54.79 1.049 50.56 0.07

4 6.0 (-1) 3:4(0) 3(0) 66.83 1.097 58.92 0.34

5 9.0 (1) 1:1(0) 2(-1) 55.62 1.137 52.92 0.20

6 7.5 (0) 1:1(0) 3(0) 78.52 1.271 88.85 1.00

7 7.5 (0) 3:4(0) 2(-1) 52.28 1.044 49.59 0.00

8 6.0 (—1) 1:1(0) 2(-1) 67.55 1.124 69.54 0.50

9 7.5 (0) 1:1(0) 3(0) 78.47 1.271 85.39 0.97

10 9.0 (1) 3:4(0) 3(0) 58.11 1.042 72.63 0.20

11 7.5 (0) 3:2(-D 2(-1) 50.89 1.032 50.23 0.00

12 7.5 (0) 1:1(0) 3(0) 78.49 1.272 80.34 0.92

13 7.5 (0) 1:1(0) 3(0) 78.53 1.274 88.29 1.00

14 6.0 (—1) 3:2(-D 3(0) 48.89 1.039 50.09 0.00

15 6.0 (—1) 1:1(0) 4(1) 68.76 1.118 69.63 0.50

16 9.0 (1) 3:2(-D 3(0) 67.56 1.104 59.23 0.36

17 9.0 (1) 1:1(0) 4(1) 70.16 1.122 67.59 0.50

232 BGOSR E M {E Design Expert
10.0 B4, K3k 6 H S e bR 1 OD 15 £ dE it
172 ARG A 2 TR, B E ALY
T.Z, OD f&Xf BSP Fi&E 5%t (A). BSP/PVA A1
TRAEL (B). BEEE] (C) 2 Wk IE R 57
OD=0.958 0—0.01 A+0.038 8 B+0.071 3 C—
0.125 AB+0.075 AC+0.032 5 BC—0.187 8 A2—
0.5453 B>—0.345 3 C2,

[ AR 7 2= AT s SR AR 7. R 7 vl A,
AR PAE/NT 0.01, VEHZARRIN BE. &
PLIH P A KT 0.05, R IZBAIE R i, 5
RYM 5% 72 vl Ae e AL R Z2 P AR 1 . TR e R 3L
1%44i=0.956 9, T W H A 414k 1124 A8 OD 1 95.69%

PRI T BSP liE 7020 (A). BSP/PVA {£F
RA (B) FgRE R (C) Z Atk &R, o
PL, @ PR R A AR 4R T T AT 4 BT AN T
W 2J7 250, 161 kIiF, 3 MHERENE G
Y )24 RE OD M RPN C>B>A, R
Yk i) B[] > BSP/PVA AR & LL > BSP Jii & 7341
2 kI, A% BRI CPOHRED, U8 BSP s
43 $. BSP/PVA PRFRIE A b Pk ] s ) % i S8 Fr)
oM R ) S BT AB AR E T, AC. BC
PINAEZ T, R BSP i &4 Z0F BSP/PVA 1k
FUR G th 2 A28 s dE R B .

233 EALYi 2 T2 &R RIE e R
Design Expert 10.0 #AF-A 1 BSP Jli&E 24 (A
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Table 7 Variance analysis of regression model
TIERIR CFITR BmE 5 F18 PIH | AZERE CEPHM HBE HEF O FHE P

A 22200 9 02470 404900 <0.0001 | B2 1.250 0 1 12500 205.19 <<0.000 1
A 0.000 8 1 0.0008 01311 07279 | 2 0.501 9 1 05019 8227 <0.0001
B 0.0120 1 00120 1.9700 02033 | %% 0.042 7 7 0.0061
C 0.040 6 1 0.0406  6.6600  0.0365 | KB  0.0342 3 00114 538  0.0688
AB 0.062 5 1 0.0625 102400  0.0151 | #iiR%E  0.0085 4 0.0021
AC 0.022 5 1 0.0225 3.6900  0.0963 | &R 22700 16
BC 0.004 2 1 0.0042  0.6925 04328 | 2=0.9812
A2 0.148 4 1 0.1484 243300  0.0017 | r%4=0.9569

P<0.05, #RERLE, P<001, FrRERREE

P <0.05, significant difference; P < 0.01, more significant difference

BSP/PVA AR ALL (B). #EEN A (C) 3 ANA
FEWAZHAER X OD A5 WL 1.

MRIE A AT s R, vH BT 2 R BA TR,
BEE G gL % T 28 BSP JRES N
7.47%, BSP/ PVA KRR AL N 11 1.04, BEE
[F24 3.10 min. MBS A 27 4E T M 58 /) 78.82
cN, WiZYTRAT 1.271 cN/Tex, WrE{diK % 84.38%.

NS R R, KR T ES BT N

7752
4 RN
T SN

. 06200 90,202%

a 05905 0:%: y

s V¥ vzkg{,‘o,:ooo \
—0.2 ” \0\\

BSP Jii & 435N 7.5%, BSP/PVA AFTRAE N 1 ¢
1, EEENS RN 3 mine ESLEHAM 214 R PAT 3 I
BEGYE, T TZHIE. 4R NES.
SEREIR, RN T EEAMT, ALY
() Y1 “FIME N 78.67 cN, Yo 1M A 1.272 cN/Tex,
Vs “FIIMEN 86.64%, 5 THIMAE 1) 2 % 53 5l H
0.19%+ 0.08%- 2.70%. SZl{E X4 5 Fl{E S A
—3, USRS B AR nT SR

B 1 BSPRESE (A). BSP/PVA RFLEALL (B) FLEREIRTE (C) RIS EAEF e R mE &

Fig.1 Response surface diagram of BSP mass fraction (A), volumetric mixture ratio of BSP/PVA (B), and coagulation time (C)

for their mutual interaction

#*8 WMIERWER (n=3)

Table 8 Results of verification experiments (n = 3)

RS Yi/cN Y2/(cN-Tex 1) Y3/%
1 78.47 1.275 84.89
2 78.49 1.267 86.67
3 79.04 1274 88.34
SIS 4E 78.67 1.272 86.64
TRiE 78.82 1.271 84.38

24 FHEMEBERESHH

24.1 YA KM SEM W% BF. BP
AR E TS 11K QU 2 = 3 Bvs i e N AL}
MW abFE 30 s, S5 R 2 BoR. 78 SEM g2
F| BF £F4ERIA 2 1 rEI2, VaRE = BTV 7RIK
SARIEF OB X @ shit, SERIRAEREHLIN
AR EALIE Y. B PVA N, BP £F
YeRMALL T BF R 4eam B, L4 o
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200 um

2 BF AHMERERMNEE (a,b) 1 BP FHEMNREENEE (c, d)

Fig.2 Surface and cross section of BF fiber (a, b) and surface and cross section of BP fiber (c, d)

IR T = 4ERUIRFLBR 54

242 HYELAMERE (FTIR) 208 F FTIR J6iE
IXHEATCF 4L AN RAE « MRS THRROFES: 2
mg, KBr [k, £ 500~4 000 cm™' 347 FTIR Y it
i, il B, WK 3. 7£ BSP 5 BF 44t
FERIZLAMEIE ], RIAE 3 430.74 cm ™! A58 T
U Xof N F--OH [P ARl , kb 2 Bl B W 2 1R 72
FEWL %, 7£2937.93 em ™! 5 1 743.47 cm™! 4b43F)
MG R C-H (14 i 20 RO I 12 1) 55 R S0 s T /e
1 648.84 cm ™ AbF IR ISCUEEIE BH A7 E C=0 NS FR e
EREh; 75 1078.86 cm ! Kb [y 2 R IR IR AR 1 47
fE; AT, 7F 883.77 cm ' A 811.06 cm™ ! K11 54L
FKHBEHRIEN, 7E BF 2F4ERE 5 TPk A W 35
(IR IIE, RBITEYT 2233 #EH BSP Al BF 4414k
SELERAE AL . E BP LR GIE R R, fE
883.77 cm ™' bW EEE] BSP H B-1,4 BHEFHE (ORFAE K
W, UEEH T E G 44k BSP /E7E, H-OH fif
ARG TE, VA S s, KA. U
B BSP 5 PVA WILIRTRE 4 T o FlRIEH, X
i A7 AL 1) S5 8 A 1S B NS E .

2.43  JyEMERRIN SR BT ROPRERRE 100
em K4, tHEHA4EMLEE. BE, RAHE
T 2D D) 58 2 4 1) S 2 Ve RE, BRI A

a

BF

BSP

BSP

r T T T T 1
4000 3300 2600 1900 1200 500
viem™!

B3 BF 44t (a) ¥ BP &4t (b) BILISNENE
Fig. 3 IR images of BF fiber (a) and BP fiber (b)
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20 mm/min, FEEAN S cm, idsRWIGR ). Wi SR
JEE R A B, AR S 10 40, BCP
¥){fi. BF. BP 5 B-BP £ 4 as /). WisdnmfE
WA R A R R 9. S5REIR, 4
AR RE R PVA NN T 3G 58, 7721 Re 15 21 A
BHMGE. BT BH L4 T HH0RE, &5
W 44 Koy 14 2 (M 45 & e, Rk B-BP 4F
EARLL T BP £R4E(1 ) PEREAE A TR,

R AENFHELER =10
Table 9 Results of mechanical tests of fibers (n = 10)

FEdh W J7/eN Wi ss B/ (cN-Tex ™) WK% /%

BF 19.69 0.320 20.48
BP 78.57" 1.270* 87.83"
B-BP 77.62"* 1.253* 85.35™

5 BF t#%: “P<0.01, F&EF
"P<0.01 vs BF, same as Table below

244 ZRAMHERN ®E N FBREN 50
mL/min. B8 KSR T IR EETE E 25~350 C,
THE#E 2~ 20 ‘C/min. BF. PVA. BP 1 B-BP £}
4k DSC MR EE N 4 Fios. 458 8o, ETHR
AR, BSPTE 330 CAAHBL 1 AR AGREIE,
BP A4 HA 1 NI (T, 138 BSP
5 PVA RS FRER, MAMELIY. B-BP
YRS SIRE ET, A BH My FAS BA#
SRS E M, TELFYE ISR, M T U
i, INPRgh R, BN R, TR
AR HE LYoy T HE A P HEP S HERR, BB T 45 4,
MTTABL AR (Tn) THEUT8, 3R £F 4R
PR

2.4.5 WABMENR BUEKAHERHETE, 2N

.  ———FF

\/\ PVA

/ ~——BP

L 1 L 1 1 1 J
50 100 150 200 250 300 350

T/C
\,/—\f\ B-BP
NS BP
L 1 1 1 1 ]
100 150 200 250 300 350
7/°C

4 BF. PVA. BP #1 B-BP #F4t#) DSC [Eli%
Fig. 4 DSC images of BF, PVA, BP, and B-BP fibers

mys KA BT RE TR —ER G, BUH£F4E,
FHUE AR bR FeR 7K 4 JE RR L &, 109 mas 414
W 7K = (ma—mi)/my o

KRG 22 T2 & A4 o AR EZ M
AL, [FIR4F 4 R AE VR 2 oK R R A, s 2t
(-OH) Re 5K TIMMESE, RAFELA4EN. X
BB 5 6 KA T (R BRI S 20 R, T ki
BSEK R AR 2, 27 4 WO RE T ks
WL 10 Fisn, BF 40K ZFRIEE] 500%LL 1, B
BIRGF M IKRE /7. BSP 5 PVA 3R, B T 4
TIER, W@ SRk R A, BP £F4E0)
BEEJIMET BF 204, (AN ORRFE R IR R -
HEAR )45 FVEORE B G 49 10 3R TH R % PO M ke 11
(o WA, HRAERFIRIE PP O S HEE, HhER
IR S R M R B TR i G

R0 FEPOTEM (Xxs,n=3)
Table 10 Water absorption of fibers (x £ s, n=23)

P MR %
BF 517.67£16.13
BP 328.44114.34™

2.5 YA ERNBRAMERES T
2.5.1  GPETREITERHI AR AE B 2R 2] ok
—3E®M NaCl. KCI. NapHPO4*12H,0. KH,PO4
TINGEK A, SR 5 PRl B AN S S A B I VA 7
pH {8, #75 pH 7.4 If) PBS ZZpFi. H KK —E
M BH T PBS i, FCHCRSIKE BH EW,
1 BH 5 KRS K Ak SR AT L 43 9 0 P T H i e
HAT WO () {H, FHehilbriEih 2.
2.5.2  ZWNARYE AR SRR T K B 2 A s R
I B-BP 44 3 H-VATHE, 40 Al i AN55E&: PBS 22
W, HET 37 CRMERERF, 7207T 0.5, 1. 2.
4 h, B2 mL 2, T IR FE SO DN S5 21 PBS
SRR AR SR AT DRI, I B ATEER R A
1B AR 25 Wb i 28 7 FETH R 25 ik JE R &
ot 2 R BCR 2k, IR B-BP 474
(AL R,

3 2 =wign/wen
Wgn Wisn 23R 78 B-BP 44k I BH )-8 &A1 S2BR
BH 15 &=

B-BP A4ERREZ i ini&l 5 Fron, 1EREZHT
W, MEEAEA4ER TR R, B2y A
IRPR, BEELTYEIRETIE, Ko THENEF4E N5,
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Fig. 5 BH release behavior of B-BP fiber (X X5, n =3)

GYARTE LT 4E B (0 25038 B T S B 78 ik S
BAEFET VR, EEAM TSR, EiEN
Wy &I BH BB A pH EA M. 7255
B2, BH IR L S5 R ME 5 PR BR B R
B, Rk, 3EH pH 7.4 f) PBS ZEifE N
B, HIEEAFERN 4=0.819 3 C+1.679 3,
#=0.999 5. fR¥EEHTREHAMRNE, &t
HAAH A4 EFRLH 70.2%.

TEVRVEY 22 AT R SFA T, Wit
NG B eI AR R, Z9#A T He i
22 JR AT e, SRR, A1
AR A GRS ToHLER P4 E . BT
BAR Y 5 At, 1EY7 Ll B b R 256t 25 i
N, GEEFHRNER SR, BYTEENRA R
G0 B AT R H 1 R B FH A 500,

2.6 HAFALEMIMIBEITEES T

2.6.1 [EARFRIEEH&SE HRE—E2RFNE.
B S8, B, ImAdiKERE, W pH
BHE 7.2~74, GEEZARKES KGR
2.6.2 FEFRIAEANR  HOKR G R IR B I B3 77
ML, AR5 e 5 A

2,63 CEMENNE (HIRERENED  FEREFRILA 4 m
A 100 pL 1X10% cfu/mL K KBFF# Escherichia
coli~ & W B BRI Staphylococcus aureus, F¥R
A 28 AT 45T, B 10 mg B-BP £F4EHE 5y, BIEA 1
ecmX 1 cm, ZLAMES 30 min JGAEAERFRIE L,
RIGE BRI 37 C fEIRR MR 9% 24 h
JE N B RN IMERIR AR .

2.6.4 ERN IEFZE B EP ¥ E R
ke, CLETESURT 200 BRI FEVE N SL6 1)
BRI . B 10 mg B-BP 24 5 B S AE FLARUE
JHE 4h 5, 100 uL fERE IR IRAII S, ARG

BREFRMABN 37 CHEIRE IR IR, 24 h 5
WILRIE A no, DA 4ERE 5 B SE B0 41
N ECE n E SR, THEIE R

TR = —n2)/m
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WO KM AP B . 4 v €078 25 Bk B 10 0 1R R 108
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— R PRGN, AR R, R R, 3K
2 £ 4 %o} FLAM B ORI AR T R AT R 2.

PUEE AR A RPN E A0, B A
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ER . EQHR I 251 50T, GBI PR
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fEIEMM L, SHFEENHEESH, THER
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M BN (EGF) BEFEAME N B K
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JRUUAR, fE0 D& R R0 WG58 A B BB B R %
TER, IR O AR A0, R R I 1% 4F 4
X BH J5 B A = F B B BOR R )

3 1ig

BSP, M4 [H K, TERTHIET T ], B
T “ZiG—" R G 2Rat ER, FARRKIG
BT REE RS AR, BAPLEEE. K
B [V AR RE I PR R, & — i R 10 B Vi R T
B G 2 R SR ARk, IR0 2 1 FEEAAR B 245 2 Sl s
BSP 24 B-1,4-H Bk B L BB e s t, FT
WEZY), IR EENENGEN, R E ST
FRACME T, MIBYT 7 A BEAR I 4l 2 925”7 BSP/PVA
HERRIEET BSP FIAHE M LK B K 2y
VI DhREREE, TR 2 TR IR g7 47 4k

[E]I), BSP/PVA & & 414k 1 % 2 2| 2 PR &
(RIS o (E BRI R A A b, e Ik g 7 T v B2 5
Wi Rl 3% 2 (Al A8 BAE D, R Sr OIS ZRY v se 2
(10 55 35 TOURH R AU AT A 56, 2 WY f v S 42k
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5o R uF HARERAR 773, LA BSP/PVA fE MY 4257
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inhibition zone of E. coli (a) and S. aureus (d); control (b) and sample (c) group of E. coli; control (¢) and sample (f) group of S. aureus

6 B-BP 4RI EEM
Fig. 6 Antimicrobial activity of B-BP fiber
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