BEIEH o-L-REREBKBAEE CHFEFETHAR

REE?, KA, RFA, B ALY, A (L B T R R S TR, BRI DU 723000 2. BRI VI M
SR BT U 72300053, TP SRS AR 03 45 B T, BT SEA 72100054 B R % U L X AR MV R 4 JF 4 DL U L, B

WE:BH  #4& SBA-15 AN AR T o-L- A EHF 0 LR AE L C HAMAMAZFESF, Ak BITAAMR
Fo@e B SE SBA-15 #ATHAF, ¥ a-L- R F 45585 L MBI SBA-15 L, AR EFZ Ao 403t B3 & /1 A - 4547, S L B 2 10 &
HBATHRAL ; KA X S EATH (XRD) AF 2ot & B 4o b 83 (FT-TR) L R AR W 5 LM 4286 £ 45 (SEM) & i H & 45 (TEM) 4
*t B RACHE AT RAE; AR E R C AR, % BB R Ao RIEBMM S BEMA N FRELA AR, EFR HE&EBTHE
ILW R pH A A 3.5, B EA35 C i aA 4 h, 8BRS REAHS mg - mL™'; B ZACEEMBEE A 4 198.6 wmol - h™' - g7,
BErFH 256.9 mg - g RIEBMEM A pHAL 4. 5,848 E 50 °C, RM A EHRE0.5 mg - mL~"  554LET 1] 12 h, 85 3h A
FARFZRELEFE(V,,)H0.505 ug - min ™' RKF (K, ) A 0.787 mmol - L™, #EERF| A 4 KRG 5K 4B iE /£ 65% vA L,
AA RIFOHAE M, I8 B 469 SBA-15 BRI o-L- A EMF B 8552 & 10 3R AL A ST, TR T ZH e
BECHEZFEN.

KB 9EE Cra-L-RA A8 2 578 3 SBA-15; B2 1L
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Preparation of Icariin by Hydrolyzing Epimedin C with Immobilized «-L-Rhamnosidase

CHEN ‘Wang]’2 , ZHANG Yue' , ZHANG Yuhangl'3 , FENG Zili** , YUAN Hongchaoﬁ(l. School of Biological Science
and Engineering , Shaanxi University of Technology, Hanzhong 723000, China; 2. Shaanxi Province Key Laboraiory of Bio-resources,
Hanzhong 723000, China; 3. Shaanxi Xifeng Liquor Co. , Lid. , Baoji 721000, China; 4. Qinba Mountain Area Collaborative Innova-
tion Center of Bioresources Comprehensive Development, Hanzhong 723000, China; 5. Qinba State Key Laboratory of Biological Resources
and Ecological Environment (Incubation) , Hanzhong 723000, China; 6. Shaanxi Jinhuifang Traditional Chinese Medicine Technology
Company, Zhenba 723600, China)

ABSTRACT: OBJECTIVE To prepare t he immobilized a — L. — rhamnosidase on SBA 15 mesoporous silica to promote the efficient
conversion of epimedin C to icariin. METHODS SBA-15 was modified through amination and aldehydeylation, and the -L-rhamnosi-
dase was covalently coupled onto SBA-15. The immobilization conditions were optimized using the enzyme loading capacity and relative
enzyme activity as evaluation index. X-ray diffraction (XRD), Fourier transform infrared spectroscopy ( FT-IR), N, adsorption-desorp-
tion analysis, scanning electron microscopy (SEM) and transmission electron microscope (TEM) were used to characterize the physico-
chemical properties of immobilized a-L-rhamnosidase. Using epimedin C as substrate and free a-L-rhamnosidase as control, the optimal
enzymatic hydrolysis conditions, enzymatic kinetic parameters and recyclability of the immobilized o-L-rhamnosidase were investigated.
RESULTS The optimal pH was 3.5, the optimal temperature was 35 °C, the optimal immobilization time was 4 h and the optimal a-L-rh-
amnosidase concentration was 8 mg + mL™". The immobilized q-L-rhamnosidase showed a well-retained activity of 198.6 pmol « h™" + g™" as
well as a high enzyme loading capacity of 256.9 mg - g~' support. The optimum hydrolysis conditions were as follows: pH 4.5, conversion

and K, of the immobilized o-L-rhamnosi-

max

temperature 50 °C , substrate concentration 0.5 mg + mL ™" and transformation time 12 h. The V.
dase was 0.505 g - min " and 0.787 mmol + L™", respectively. After four cycles of reuse, the residual relative enzyme activity of the immo-
bilized o-L-rhamnosidase was more than 65% , which showed good stability. CONCLUSION The immobilized o-1.-rhamnosidase has a high
enzyme loading capacity, strong enzyme activity and good reusability, which can be used for efficient conversion of epimedin C to icariin.

KEY WORDS: epimedin C; a-L-rhamnosidase; icariin; SBA-15; immobilization
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TEEFETE N AL Givh 25 1% 248 (Epimedium. brevi-
cornum) W £ EGVE R A, BA B E WU B
P R e an it Pt R AL
Whtape ' S 2R BAE . AR S —AE
BNAFE R C S LR B A A R, A7
C3Ni# FZ—A R, 97w C RiEFad
S M AL A Y, R —
PES o PR R LA I SR AR R By, HE 2 B
YT e C, LM | Tl a2 C, Wbk
fRREAZERE C & A EE R L,

a-L-FRZHE 7 i (o-Rha) fEH T -1, a-1,2,
a-1,3 a-1,4 Fl o-1,6 % $2 114 BT 4, mT DLgR
Sk R BRI B W AL B AR G 1Y o L- R ZE
WL R R R A . A Sk
B Z R R IR B U 25 o-Rha wofE 235K, 7]
SE AL EIZEE C NIRRT, Yin' " 3038 1 i
B a-Rha /K176 2 C B8R L2, i $2 T A
IR R R T o . ARSI TR
LT #dh L a-Rha FALEIZEE C 7L, IR T 7T
GO 46 ol B R 2 AR AE S o (HLL by ek
FH BT 22 5 B IR R B A B 5%, W B a-Rhaff
FEAE FH 3w, M D[R] ISCORD =5 2 ) FH 45 Tn) s, s AR
A Tl AC R o PRI, 85 ol R IS A3t S B A
AR O ST 1 R I I A Y R R R
Ok o R4 R o P T R A M

LA A RE (SBA-15 ) HA MBS 7 A 7
FLIEZE (5 ~30 nm) KAy LR AT B A 2= Ae0e
A BT RAE WUBRE AR AL 2t A R
HAt LAY o 2k, SBA-15S RIS A F &
HREREFESEFE A, A R 0, 2 PRAR AR I [ 0 fh 2k
R T T EE N Y s %%
AN . ARSI I AN LS A RS o-Rha
TETE SBA-15 3R4A I, e xf [ 2 Ak S F AT 04,
X STt 7 [ WA A B 2 R P 1 A R A T 5 5% ot
SRR SBA-15 [ %€ 4L 1% 2§ a-Rha (SBA-Rha) 7K
fERAZEE C T2, MR AR B e (e AL R AR 1t
HEIB AT

1 E5HH
L1 QU

Agilent 1260 Infinity %Y i R0 AH 354 (SE [
LR R A B/ 7)) ; AVANCE-TT HD 600 MHz
(R4 5024 7) s LTQ-Orbitrap XL T {3 ( %
Thermo Fisher /7] ) ; Biotek Epoch 4 < i FR{X
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(3£ Bio Tek A w]) ; VERTEX70 {df B it-21 4p 3%
AX(FT-TR) [ A4 5d (At s0) BHE A BR 22 F] ] 5 Thermo
Scientific Apreo 2 % &=V G837 & S 49 4 H 5%5 (SEM)
(Z£[E Thermo Fisher 23 H]) ; JEM-2100P %35 5 1, T
B (TEM) ( HACHL P20 &4t) ; Ulima IV A X
SHek AT S5 AL (XRD) (( H A% B % #k X &4k
TRISTAR3020 4 AR5 FL B EE 3 A A ( 5 5] Mike
3] sJAS00 H KO (R PALERAN R T ) o
1.2 ##

IrfL A AbhE (SBA-15) 3-[N 4k — & A B Ak
Lt (APTES) \25% J%; 1% (GA ) ( b il IHBHEL By
ABRAF) s FRAFETE XS B A (BRVE SR A LR A
FRA W], 1450191010, i =98% ) ; sl & C (&%
H=98% )58 E H ) 122 ; a-L-RHa ( Megazyme /%
Al b5 :110501d) 5 45 1 7 2 (1 ( BSA, BV SR 1A
ERHEA BR A T 5 L WA i 48, 7K Oy 4
K AR BT R4 o b i

2 HEEHER
2.1 AT E %
211 [giE e DASHEESE C NIEWY, T
50 °C .pH 4.5 @R Eh e v b S B 1 h
Je A 9 A 2 i H 28 1k S L 0. 22 em LR
1F g BRELUE MR HPLC K, T35 B 7 AF X i T
I3 T SR AAZE R C A%,

fitf 15 F1 78 - #E 50 CFI pH 4.5 RV 4&F R,
1 g fifff /MBS K fEHAZE E C MY &, Rm R
pmol « h™" « ™' AHXS G S LA 1,

FXT G H) = WS 1/ g 71 aa(1)

Tpe e B 6 A TR) 4S5 56 R Ve ) e R O E,
115 100% .

it 375 [ AC o3 Ay [ AT 7 o 0 T P
it 0% I R

FEAL R R RN ISR R HAZE A C Y ELl

OGE A A5 Agilent Cig#E (4.6 mm x
150 mm,5 pm) ; 3 8l ZHE-0. 1% W R K W =
30: 705 K % K 270 nm; fi# 1 mL - min ™' AR
30 C;HFAER 10 pL, EAigEE 1,
2.1.2  ffgEE Y R ZSER TR (BCA)
e, DAAR I & F1 (BSA) Sy X BN E R (. DA
BSA JivfE ik ALK (p) , BOGREAE (A) S GNALAR,
15 brifERZE .4 =0. 001 1p +0.014 4.7 =0.996 1;BSA
TE 25 ~2 000 pg - mL™' Y SIRIERER (A) etk L &R
RAF. 76 18 % b B 6l 55 45 1 5, B0 B B
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Epimedin C &
0 5 10 15 20 25
t/ min
Epimedin C B
Icariin
0 5 10 15 20 25
t/ min
Icariin G
0 5 10 15 20 25

1/ min
B1 ##% C(A) B2 h & (B) M4 12 h # 5%
(C) & Wy 8 B AH & 3% (HPLC) A
Fig.1 HPLC chromatograms of epimedin C( A) , samples solu-
tion after 2 h coversion(B) and sample solution after 12 h con-

version( C)

B, ULHE I ZE R BE TR 3 W, AR eI S _LIBI,
TR AE 25 B N B Wl I . #% BCA 3550 & 5 A AE
562 nmAb N E R SR A S, A AR AE A 22 X
2 ~3 TR BRI E R

AR = P i/ [ R Y

7~ (2)
[#] 5 % = P E A i/ [ A R PR AR
§SYis3ii 2~ (3)

2.2 SBA-Rha th#| & T ¥ 1k

2.2.1 SBA-15 [yeictE FREC1 g SBA-15, /125 mL
JoK A4 mL APTES N, {& 47" 110 °C =], ;2
R 48 ho RWZEHR G 4 000 ¢« min ™' &0 5 min, B
MRURAS FHTC/K B S W e H B L K R HE sk 7
Ve ,50 CILzs TRt i, RIAS 2035 2l i SBA-15
(SBA-NH, ) */ 1.3 g, 5% FRHUT % i) SBA-NH,
1 g, A 50 mL (%) 7% GA %W, 78 35 C N HiHk i
4 h, 4% S 4 000 r + min ' B0 5 min, M4tk
B PR 3 1R, 50 CILas T ot i3, B 4G 55 ek vk
[y SBA-15(SBA-CHO)1. 35 g,

2.2.2  SBA-Rha #i] 4™ K% #RHL SBA-CHO
50 mg, A —2& pH {ERY 2 mL BERRELZZ vk, I A
i H a-Rha, 7E—E R EE R 200 r - min ™ B BRI
PE— WA, R 45 RS 3 000 - min T B0 S
min , P TR I B IR $h 28 Ml e v , B O IR DITTE
37 CF HA T, RIS SBA-Rha, i & fb i F2
W 2,

\O
' =/ _
O—Si —/_\N . CHO
GA |
—_—
Schiff reaction I: ?
o—Si N— CHO
IANVA VA
- SBA-CHO

GNHZ [O\;?i _/_\Nz/_\_:Ng

|
Schiff reaction

7
SBA-Rha

APTES - N3k = ARt bE s GA - IR .
APTES - 3-aminopropyltriethoxysilane; GA - glutaraldehyde.

O_(S')i_\_/N:\_/_ZNa

B2 gl =&k BT (R F 4 4 B (SBA-Rha) iy | 1042 T K

Fig. 2 Principle scheme of perparation of SBA-Rha

2.2.3 [ TZEMM #%72.2.27 50 Jr ikl
# SBA-Rha, 735 % 4% A [7] [8 € & pH {H(3.0.3.5
4.0.4.5.5.0) JiJE(25.30.35.40 45 °C) W] (2,

T E 2R 2024 457 H 5 59 5 13 )

3.4.5.6 h) TR HE (2.3.4.5.6.7.8.9,
10 mg + mL™") X [ A R Rt o () 5 0, 2
RILE 3. L E pH (H 3.5 RN 35 C i
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6] 4 h BB 8 mg - mL™' I, SBA-Rha Y
Bt 3 R s CEIZ AR PF T T o ] A Tt F) 4 )

100 —
95

90 —

Relative enzyme activity/%

85 T T T T T

(o]

100 —

95

90 —

Relative enzyme activity/%

85

o -
w
IS
w
o

A —pH {H; B-JE; C-BJE]; D - RTERIE .

A —pH; B —temperature; C —immobilization time; D — enzyme concentration.

B3 R EE A SBA-Rha B 7E %o n=3,x%s

51986 pmol « ™' - g~ W [Ty 81.7% .
BN 256.9 mg - g7 BRI, B E R N 80.3%

100 —
95 —
90 —

85

Relative enzyme activity/%

80

75 T T T T T

25 30 35 40 45
T/C
o0 P
£ 954
2
Z
& 90 |
3
£
)
N
5 85
o
E
S %0
3 il
75 T T T T T
2 4 6 H 10

p (a-Rha)/mg-mL"

Fig.3 Effect of different immobilization conditions on the activity of SBA-Rha. n=3,x =5

2.3 SBA-Rha th % fE

2.3.1 XRD /7 LA Cu $EH Ko #EZE AL,
EHLE 50 KV, B R 20 mA, FH X [H] 26 = 0. 6° ~
6°, FHiE R 1° - min =" FHFH K 0.02°, 25 WL
4, G BMRINEIATE 20 2 0. 8° ~ 2°Lb A f T 48
0,431 (100) L (110) F1(200) [ #Y 3 A7 5T,
A 7 1 260 AR Yk h 0.86° 1. 48° Fl 1.70°, K
(20)*{EM 29K 1: 3 4, PEHH 25816 (1 SBA-15
A EA BT A R Y 4k N 7 SRR G K N T
XFRPE B BR ™ . B8 B 2 5 B 3 M
SRpUEE iR R AN [ R B 9555, P BB bl T AL 3 B
WU IG A2 9 R a2 i T M g P SR 7, i 1P T 2
HHE T R K BT I 4

2.3.2  FI-TRAMHT 4% 12 150 K585 FRIBUGFIAE 5 A
T KBr 58500 B 60 ~ 70 mg & T KA HLH,
T 10 MPa & 2 min, & T HH, &5 R WE 5,
SBA — NH, 7£ 2 925 em ™' &b H B T B {8 A9 0 iE Wiz i
W, FEIE T C — H4R3h ™= A 195 ILAME 1 491
em T AR T N-H B HEIR S, WiW] T SBA-15 )
Tkl . SBA — CHO 7£ 2 805 F12 933 cm ™
Ak TGS R O R A0 100 B X 2R AR — 25
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— SBA-15
—— SBA-NH,
—— SBA-CHO
—— SBA-Rha

20/°
& 4 SBA-15 SBA-NH, SBA-CHO #r SBA-Rha # X &£ 474 &
Fig. 4 X-Ray diffraction of SBA-15, SBA-15-NH,, SBA-15-
CHO and SBA-15-ENZ

SR TSI TR (L. SBA — Rha 7 1 614 cm ™' 4b i
BT WL AR i, DO R T C = NOSURR Ak
25, W] SBA-15 ZIAPPRISE R T AR DI RESL
LB EAL o

2.3.3  N,URZRR-BERE  IBGE A AL 7E 100 °C R i
UEH 12 b, TR (77 K) R BEAT N, W - o 5
%o d@id BET FI BIH Jrikit 5 48R W% 1. &1
JE I RPER T RAE ) SBA-1S -2 fL48 B AL

R E 2577 J 5 2024 4F 7 15 59 6 13 1




——SBA-Rha

—SBA-CHO
—SBA-NH,
—SBA-15 m

1614

T T T T T T 1
4 000 3500 3000 2500 2000 1 500 1000 500
Wave number/cm™!

# 5 SBA-15,SBA-NH, ,SBA-CHO ## SBA-Rha By 1§ 31 # 41
SR AL(FT-IR) St 3

Fig.5 FI-IR spectra of SBA-15, SBA-NH,, SBA-CHO and
SBA-Rha

%1 SBA-15 SBA-NH, SBA-CHO #1 SBA-Rha #jF #1342 .
BRI R &K E R

Tab.1 Mean pore diameter, total pore volume and BET sur-
face area of SBA-15, SBA-NH,, SBA-CHO and SBA-Rha

Mean pore Total pore volume BET surface
Sample
diameter/nm Jem? + g1 area/m? - g !
SBA-15 10.73 1.26 338.38
SBA-NH, 9.33 0. 81 293.24
SBA-CHO 7.42 0.52 253. 64
SBA-Rha 6.20 0. 40 226. 14

BRI B T, X T AR e i TR0 &
HE S T AL IR R A NS ], S 3k
BRI RRE I A A FRE N TR, X5
FI-IR RAF A5 R —20, UiH] o-Rha 9 il 2y b i
JEFE SBA-15 LA
2.3.4 SEM Fll TEM WLEE B 5t fof A fh 3% 10
AL, BT SEM OSSR IR, R 15 kV, 20 B
# 1 nm,SEM Z5 5 LK 6, A LTSRS H £ 2] 2 1K
SBA-15 .SBA-NH, .SBA-CHO HI SBA-Rha, HAFL4)
Tt B T RMAE S 2 I A R 25, X
XRD EAREEZE R —F, Ui W 2 Be Ak A i [ 1k s
) SBA-15 BRI R EAT S5 R AN S

UGS AR S A, FHJOK CRERE R il T
L RS, BT TEM RS RE, TEM
ZEHL LK 7, SBA-15 SBA-NH, . SBA-CHO #il SBA-
Rha ) SEM &35 52 B A () HAT — 5 K B 1 i R
45k, TEM [B SR 4 DA AR TE Y — AP K
I FLE5H , SBA-Rha (1% 3% [l 52 30— LL A 3% B (1)
B , AT HE- A A % o
2.4 SBA-Rha A f## % & C o5& &4

PLYiE 25 B o 2 MR, BUE f8 SBA-Rha F1{iE &5

T E 2R 2024 457 H 5 59 5 13 )

6 SBA-15(A) .SBA-NH, (B) .SBA-CHO(C) # SBA-Rha
(D)t % M f & S 345 B 55 (SEM) R AE

Fig. 6 SEM images of SBA-15(A) , SBA-NH, (B) , SBA-CHO
(C) and SBA-Rha(D)

200nm 200nm
= —

7 SBA-15(A) .SBA-NH, (B) .SBA-CHO(C) # SBA-Rha
(D) 3% 4t 8 F B 3% %5 (TEM) RAE A

Fig.7 TEM images of SBA-15 (A), SBA-NH, (B), SBA-
CHO(C) and SBA-Rha(D)

o-Rha , #%“2. 1. 17 T J5 36 W AN W] pH {H (3.5,
4.0.4.5.5.0,5.5.6.0) , JH J& (40.45.50,55,
60 °C) . JKK W i W (0.2.0.3.0.5.0.8.1.0,
1.5 mg « mL™") &4~ SBA-Rha Fl¥# 55 a-Rha [
1677, THEAR XS B s LA E C bR 6 hR, %
%% SBA-Rha FJi# 25 a-Rha [ B B[R] (2 4.6 .
8.12.16 h) , 25511722 ~ 5, SBA-Rha filli % a-Rha
1y fid pH (B8 4. 55 il il B2 12 50 °C 5 Sl g
YRR BEV S a-Rha 7 0.8 mg » mL ™', SBA-Rha
70.5 mg - mL~"; J#55 a-Rha Fl SBA-Rha [ 15 i
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ffeEstE) 43590 S 8 Fn 12 h, WAZEE C LR 7E
95% VAL, HLEG 7 W35 o i AT o AR fecdl K i
Y RE T S A A N 1) %8 24 h IR B8 o-Rha 2N 1A
A BLR P R A AL U 1, X BT S o-Rha
FLA B W ERE ME, ADRE C-3 07 1) B i i —
AR 5 M0 SBA-Rha Sz i (4 2 v AR AT B 47 A

®2 JF# o-Rha fn SBA-Rha 3% 3 B #f pH £ % %,

n=3,x*s

Tab.2 Optimal pH of free and immobilized a-Rha. n =3 ,x £

Relative enzyme activity/ %

pH

Free a-Rha SBA-Rha
3.5 53.2£2.6 48.5 £4.2
4.0 84.4 +£3.4 79.3 £3.5
4.5 100 £2.4 100 £2.6
5.0 89.7 £3.8 85.1+2.8
5.5 78.6 £2.7 75.9 £3.4
6.0 61.2£3.1 67.7 £3.3

&3 & a-Rha 71 SBA-Rha #y R EMAIEEE %, n=3,xxs
Tab.3 Optimal temperature of free and immobilized a-Rha.

n=3,xts
T Relative enzyme activity/ %
/C Free a-Rha SBA-Rha
40 43.2+2.5 50.3 +3.4
45 78.6 +3.5 73.7£3.6
50 100 £2.8 100 £3.2
55 86.9 3.1 88.4+3.7
60 80.1+3.3 79.8 £3.7

®4 Jf % o-Rha fn SBA-Rha By & & R4 &R X+ &,
n=3,xts
Tab.4 Optimal substrate concentration of free and immobilized

a-Rha. n=3 x x5

p( Substrate) Relative enzyme activity/ %

/mg + mL~! Free a-Rha SBA-Rha
0.2 55.4+£3.8 66.7 +3. 4
0.3 72.1+2.9 85.4 2.5
0.5 84.7£2.5 100 +2.3
0.8 100 2.1 78.6 +£3.6
1.0 79.2+2.7 59.5+3.8
1.5 70.8 3.2 42.3 +4.4

RS5 J5E o-Rha 1 SBA-Rha th 5 & B AR 8] £ 2L, n=3 x+s
Tab. 5

Rha. n=3,x +s

Optimal hydrolysis time of free and immobilized «-

t( Hydrolysis ) Conversion ratio of epimedin C/%

/h Free a-Rha SBA-Rha
2 67.5+2.4 24.3+£2.6
4 83.7+2.9 32.6+2.1
6 96.9 2.7 58.7 2.7

99.2+1.9 81.6+2.2
12 100 £2.2 99.7 1.7
16 100 £2.3 100 £2.4
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2.5 SBA-Rha 98 2 14 8 51 %

2.5.1 [k 12240 4%52. 1017 0T BERE
FE 7% B A [) Jo 5 vk FE A B (0.1,0.2.,0.4.0. 8,
1.6 mg - mL™") (EAZERE C A, 43BN A S i B
a-Rha 5% SBA-Rha , 7E e AE /K 5514 F /)i 8 h, HPLC
e A AFEE C 7K f# &, Lineweaver-Burk XU
PR SR R e KW R 38 (K, ) FOK IR EL (Vi) o
liF 2§l F1 SBA-Rha [1) 1/V Fl 1/S Y 52 9 R 47 A4k
KER (K 8) . MAEKK G FIEAR Vs =
0.738 pg + min~' -
K5 =0.457 mmol - L™" K, s =0.787 mmol - L™
Kososs < Konns » 2691 a-Rha 28 SBA-15 [& & b5
XTEYIEEE C SR M I ATRBZ M T e 3
3SR o RN S e o (A o 1 O e A e
HE RS, TP Z [B1 K (7= AE 25 5

N deX[Ei’ﬂ’,EE = O. 505 p.,g * min

15

—& SBA-Rha  -e-Free a-Rha

1784

(1/S)/mg-mL"!

8 RLATEF 5K Kk B Lineweaver-Burk 3 & # #
& &

Fig. 8 Lineweaver-Burk double reciprocal fitting curve of initial

reaction rate and substrate concentration

2.5.2 HAEFAM BUEE SBA-Rha A E C
VSR, 4% 2. 47 9T Sl B AR AF S 16 hy, Bl
ek IEETTIE D I A ZE 2 C 4ksi ) ), A
WHRE 4 W #2117 TR J5 el 58 TG 7. 4%
T4 PRSI (A TS F1 43 3R (100.0 £2.4) % |
(77.7+3.2)% (70.9 £2.5)% F1(65.2 +2.8) %
(n=3), SBA-Rha 7E & F| H 4 K5 1) 5% 42 A0 4T
PTG TR R TE 70% DL, W1 45 SBA-15 By [ &
FE T 2548 B a-Rha [OF %
2.5.3  FoEM Ktz SBA-Rha (iR EE .pH K&
I ke 8 M 9% 2 2% SCIk[27 ] #6417, SBA-Rha 43
FAEATRI B T KR AE 1 hy fE AN TR pH (B 11
PBS ¥ 30 C R KIBLRAE 1 hs Rk AR TE X 4
C N R A7 ARG IO A BsF I 10 i 4 59000 2 = B AR X6
it 1% 77 . SBA-Rha XK fife = 9y i 52 M98 2 2% SC
k[ 28 1 UEAT , ZEREE 10 78 SRR &R A — 2
TR 25 5 2024 4F 7 J1 56 59 556 13 )




FA) P 2 A 22 38 B AE X 7 9 VR B, T A SBA-
Rha 5@ I 315 ARXT BTG 77, 45 R LK1 9, SBA-Rha
1650 CLIF .pH 4.0 ~5.0 4 CTAE1E30 d 51T
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