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Fmoc-F hydrogel for clove oil controlled-release
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Abstract ;: Fmoc-F was utilized for embedding of clove oil. The results
demonstrated that Fmoc-F hydrogel could prevent the volatilization
and achieve the controlled-release of clove oil. The loading efficiency
of Fmoc-F gel was 98.69% , much higher than the one achieved with
B-cyclodextrin. When pH was above 6.5, the decomposition rate of
Fmoc-F hydrogel was less than 9.0% , and this could prevent the vol-
atilization of clove oil. When pH was adjusted from 6.5 to 6.0, the
structure of hydrogel began to disaggregate, and the decomposition
rate was around 36 %. When pH was below 5.0, the hydrogel disag-
gregated completely. Then the clove oil could be released completely
to inhibit the growth of E. Coli. Thus, Fmoc-F based hydrogel could
prevent the volatilization and achieve the controlled-release of clove

oil in an acidic condition.
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1.3.1 THEAEmmbr & mil g oK iR T F A
A 0.002%,0.004 % ,0.006 % ,0.008% ,0.010% 447 UE
W LAJC/K & B W0 A8 8 500 W8 T A RS Tl AR o VR A
263 nmAb )% S AE » L OD 545 4m 36 78 Coptical density, OD)
I FAT 3 W PLUT & AR il i AR 43 BON B 245 OD g o N
GNAR AR L 4 ) TR ik Ak B A B o I 2K
1.3.2 B-HMIK— T AR MEE & ¥ 6 g - FEHIK
1E 60 °C,36 mL /7K o S 18 10 1 15 i . 4% JH JC K < s
20 A5 T ARG LA /BERE L O 10 8 I LG I A B B-35 )
KRR Wb A . A B ETTIET LS kS
2 ho ik, BEMEERGHA 4 CORFADHE 24 h,
WA K B k)G .40 CTHREEEH O A 7
W — T &Y.
1.3.3  Fmoc-F B i b FHE T 7 05 6 39 9 149 il 4

(1) Fmoc-F B AGHI 45 . 7€ 3 mL #B4i/KF A 42 mg
Fmoc-F ¥y K, IR )G . %1% M A 1 mL 0.1 mmol/L NaOH 7%
WLARSIIFTE 40 CRR\E B P AN 5 min 5, A 5 mg
GDL, J:FI i g 9 % # £ 1 000 r/min FEP 10 s. R T
#E L1 h SIERBE

(2) Fmoc-F B — T FAE M ALY A & . 76 3 mL &
gk A 42 mg Fmoce-F AR FHAIA 0.1 mL T F&A i,
WBE G R 1.3.3(H g4 FEMA 1 mL 0.1 mmol/L
NaOH % ¥, 40 C /K& # i #4 5 min, il A 5 mg GDL,
1000 r/min N 10 s, §8 1 h J5 T2 BB .
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1.3.5 Fmoc-F Z KK BB AEA W pH HF /9 43 fif 2200

Jic 1 AN R pH B A9 B BR 2% w5 9 (10 mmol/L) , pH 4351
4 5.0,5.5,6.0,6.5, BUATE pH EMZZ MIER 5 mL, Il A
4 mL Fmoc-F BB ey Ee . 37 CF . 7E 10,40,70,
100,140, 180 min Hf Bt 100 L £ &, # B 10 % 5 M &
264 nm N Fmoc-F (45 1E W6 AE , 2 m & op W H 1Y Fmoc-F
BERCI 3 RGO . AT 3 RGBT BIE
1.3.6  T&K I R Ay M 5 7k /£ LB PR
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RO E A TR AR . BRI 77 ik an R 4k i AL B,
D UASETE R A & A 120 K FF B B MR 1 LB 537
W15 mL, 12 FALCA B oA 10.25 mL JE B K s i) 45
4L (BIFO H A 250 pL JEHE /K, 10 mL Fmoc-F K ; 7]
XFERZH (C 3O R m A 250 pl T &K .10 mL FmocF ¥
JB& 5 150 25 (D D Foin AR T 250 pl TAHKE AT 10 mL
1) FmocF—T R &t e . RS )5 . # H#EIERTE 210 r/min,
37 CF 5% ARG SR WA [ i 8] S0 100 Il A4 7E 600 nm
T E O B, LL ODgeo e 2 8o K W FF 16 19 4R

OD oo v IR AR . AT 3 P44
2 #RS50r
21 AR

i &1 Ay, T AR A v B S AR 263 nm RO
BEA RAF AR AR SE M. 2 T A A A Wk AE 0.00226 ~

0.010 Yo B, T & A T ) e 2 5 HLAE 263 nm T ) W% B 1)
ML E TR Y =0.014 6+76.107X , RPEAHLZE R K
0.996,
2.2 BIAHIRER FmocF R TEHBHEBERNLLE
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Figure 1 The standard curve of clove oil concentration
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Table 1 Loading efficiency of g-cyclodextrin or Fmoc-F

hydrogel to clove oil

A 3B R} AR/ % NBER L (mL/g)
Fmoc-F [ 4%
98.69 1:0.42
2 KK BE
B - WK 18.71 1:8

(98.6920) B #FH K F B3 WK X T & 45wl i 4 1
(18.71%) o SCHRL 1A v $5 38 0 FH 3 0 8 75 I8 12 il 45 -2 B0
W THEBMAMY MR T R, G40 H a8k 7
21.5% o MRS EER H L W DL A R R R T R
B B-FR MRS Y BT i (8.0 @)K i K T 5 B9 Fmoc F
B & (0.42 g) . H L, AT 8- A  Fmoc-F & —Ff iy
RO TT L TR I A 2 Y T R A B R
2.3 FmocF BR—T &HEih S I2 A2 B AL H

Fmoc-F 0] % ff /£ NaOH 8 . lb BT Fmoc F 43 F X
S TAN AR &8 2A) .24 GDL In A S , BE 4 I 8] (1 35 4
GDL 7K fife . B H ¥ W pH (AT B 28N & IR 15 3 5
T e AR D) B K AR T 3 /R R Fmoce F 32 b 8
T (RS TE WA 7 1Y B-HT & 45 4 (BT 2b) il 25 ] ) 14
KB IF I p-3T 5 2F 4 A0 B 298 8800 B & L 0 = 4E W R 45 4
(B 20 NG B EE R . 24 FmocF B P A T & M il 77
TER (B 200, @1 T T & AF M A A Bk ¥, 72 FmocF #17 A
FHEF i T K VE s T & & HEFIAE Fmoce-F £F 4
PR 518 7K i B 3T &L 2b) 5 24 Froce-F 27 4E 3F — 25 2E g 52 1
ST A T ARG I ST M = 4 1 IR S5 4 L 30 THE T RS I
B ), B E B I T (1 200 . R R JH Fmoc-F Al & &4
BT AR (R R 5K 98.6900) .
2.4 FmocF EEREANE pH BN BEPHIRER

Fmoc-F $EBFE R [ 1Y pH B3 T B A AS [ (1 0 5 4
PE A T WH5E Fmoc-F B A X — Rtk ¥ Fmoc-F B I 43
HTANE pH Y22 o il v I 45 I — 8 1 i E 0 E H )
LR WA 3.

K BB J5 1 Fmoc-F #E 8. H pH 8 7.0, 4% FmocF
BECE T pH 6.5 1 B BR 28 vh I W P, 7E BT 10 min LA

n i A T Y
TERE Fmoc-FEEIK
@®— Fmoc-F T & A

B2 FmocF#®EKHBR=EH

The process of Fmoc-F hydrogel formation
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Figure 3 Decomposition rate of Fmoc-F hydrogel when
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8.1 06 Wy B JKE 43 8 - 20~180 min B , 73 i S S A HE R 48 906 /2
Ao 16 pH 2 6.0 WY BERRSZ vh ¥ W b . BT 10 min, B8543 A %
7 12.54% ;10 ~ 140 min B, $EE 4> M R A Z 18 K, A
12.54% T4 35.67 % ;140 min J& , BE 5 i 5 %A W 2 1
Tho e 2B BARTE W M pHL7E pH 2 5.5 19 BE AR 28 vhiR IR
oL BT 10 min, B 4% 22 18.62% 510~ 140 min B, % %
OMRERAT B, TR 52.68% 5140 min J5 . BRI A K
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fife s oy f # Ol 58,6226 510 ~140 min B, % 5 43 fif 38 AN 1T 3%
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Pk A R E RO . ST AR EE R 5.0 % 0,
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A PR Y 25 S TR 1 R TR BIF 9T A B T AR T Y
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Table 2 Antibacterial results of clove oil on Escherichia

coli (n=3)

T &K
‘ 3.5 2.5 1.0 0.5
W/ %%
W E
— 1.8040.25 1.3040.20 1.104+0.15 0.604+0.24
& /cm

2.5.2 FmocF X T &M M F B MER  dk 3 T,
MVA WK T N A K% A I A Fmoc-F 8 A7 76 B K % FF 18 19
AR AR Z 252w, H OD i/ A LA S K+
IE W 1Y AR KR — 2 CA 0B 4D - BIVK W AT 58 1 A= KT 2% 10
(0~2 ) W HUE KRB~ IR ENO~12 b, £ C4l
VWL B RN T T E R 7E R R TE R A KO &
O~2h) KB WA KEZZ 8T T &4 M0, H
OD B 5 (0.126) /N T [5] I [a] (19 A 25 B W (0.289) s 7E B J5
RIS B (2~12 h), IR OD i A 2618 F 71, ) 0.126 4
K2 0.743, XARERHF—HH. T HERMEAELE. K
PR 3 TR A W R A RO FE R R AR S — O, T
TR S R P A 5w A AN AR S 0 T F AR
BRI BRI, SRR MR TR T T T
ARG Fmoc-F B (D 41D . 78 K #F 8 A4 K 19 7 22 ) (0~
2 W) RIBFFRE AR IFRA GBI H (ODsg o Ky 0.283, 5
A AR [E] 9 OD {H 4 300) - H7E ZJ5 M B 18] 9 (2~ 12 h),
KIGFFE AR ZE T BRI H . BN 3 h FF s D 41L& i
OD s % /N AB.C ALF B OD i, I 4R 78 0.30
IR, XEH T e IR0 (2 h fiD B pH EAE 6.0 LX
(D4 . FmocF BEE 153 i R0 %A T 3620 (B 3), K
AT T ORI R AR B P R R AR . BB
HyE IR MG K, I pH ST B, M pH T B F
55U FJE (4 h &) , Fmoc-F ¥ AR 8 43 i, B0 T 2 5 0l
AT B AR U 0 400 B 28O . T AE BR SR AT Fmoce-F i
R T R Tl AL A TR Tl 0 HE Kk R E S
AR D T ORI A RO R F C AL AT R E
T LI B AOR .

#x3 FmocF ER—TERMEEFSYHINERR
Table 3 Antibacterial results of clove oil embedded with

or without Fmoc-F

i fi] / Adl B4 (OF:| D4
h OD 00 nm PH OD 00 nm pH OD 00 nm PH OD 00 om pH

0.0 0.000 7.0 0.000 7.0 0.000 7.0 0.000 7.0
0.5 0.078 6.8 0.079 6.8 0.067 6.8 0.087 6.7
2.0 0.289 6.0 0.276 6.0 0.126 6.1 0.283 6.0
4.0 0.596 5.1 0.593 5.1 0.396 5.5 0.307 5.2
6.0 0.875 4.7 0.870 4.7 0.457 5.2 0.297 5.0
9.0 1.279 4.4 1.278 4.4  0.695 5.0 0.286 5.2
12.0 1.307 4.3 1.306 4.3 0.743 4.9 0.277 5.1

3 i

MM BAA pH W R REE A9 FmocF SE B8 T &Rl »
WEFE T FmocF &R B X T A K il i £ ) B £ . 4
ELR

(1) Frooc-F BEBA T A 4 il ) 40 1 5 AT 3K 98,6704 . 3z
LRT p-FOBIRT X T 2 R il A9 1%

(2) Fmoc-F SEJEO6E T 705 A7 48 28 JL 4% 8 OF 2 1 HL A%
I AVE . A2 P4k pH {E T . Fmoce-F 15 Al LLAR 45 # £7 4
TR 40 G A M pH E R R 6.5 )5 FmocF
BERCTT 40 0 Mk » 4 W pH AR £ 2 5.0 2 4 i Fmoc-F #E
e 2 R A3 it AR LA B T A R

AT Froc-F BT 8 45 )8 B0 45 4% . 7T DK
Frmoc-F SEIX T 47 K I A0 62 117 9y 0 11 590 2 i By J65 450 3k
W BRI AT LA ROHE 2 T AR il BN A L R S AR A P B
o 22 BRBE pH R R I A OB T A R b AT R K
280 R R B A

5% ik
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Figure 5 Sketch map of electric control and security systems
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