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Process Optimization and Powder Performance Evaluation of Chitosan/Attapulgite Compound Excipients
for Curing Peppermint Volatile Oil

SONG Ping, GAO Jiande, ZHANG Shudan, MA Beina, BAI Yunchuan, CHEN Hui, LIU Xiong"(School of
Pharmacy, Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China)

ABSTRACT: OBJECTIVE To prepare a compound excipient suitable for curing peppermint oil using chitosan(CS) and
attapulgite(ATP) as raw materials. METHODS CS and ATP were dispersed with 3% glacial acetic acid as dispersion medium,
peppermint oil was used as a model drug, the retention rate of peppermint oil was the inspection index, the modification ratio of
the composite excipients, the stirring time and the stirring temperature were the investigation factors, the best process parameters
of CS/ATP composite excipients for curing peppermint oil was optimized by response surface methodology, and the powder
properties of the composite excipients and the moisture and thermal stability after curing the volatile oil under the process
conditions were tested, and scanning electron microscope, Fourier transform infrared spectroscopy, X-ray diffraction
characterization analysis was performed at the same time. RESULTS The best process parameters for the composite excipient
CS/ATP to solidify the volatile oil of mint were: the ratio of CS to ATP was 1 : 9, the stirring time was 16 h, and the stirring

temperature was 55 °C. Under the optimal conditions for the preparation of CS/ATP composite excipients, it was placed at 50 °C

after 3 d, the retention rate of the oil of peppermint was 78.02%, which was 90.45% higher than the retention rate of the oil of
peppermint which was not cured with CS/ATP under the same conditions. The powder performance test of CS/ATP composite
excipients showed that the composite excipients had better moisture barrier properties and good liquidity. CONCLUSION The
preparation process of CS/ATP composite excipients is simple and has strong operability. It has potential application value in
curing peppermint oil.

KEYWORDS: chitosan/attapulgite; peppermint volatile oil; powder properties; stability
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SEM 0 R TR T AR AT E R AR
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53 i (chitosan, CS)J&—FAWIAIZENE: . Y
Rt . BRE T RAFIRIRZ & o TA kL. K
IR RV, # CS HHAbAEE G5 P
A, 4N CS FmFLIAECE RN, $E e
W% BfFRE U181 1™ B (attapulgite, ATP)J&—FF &
IKSERRERREREE 0, B R AR . MR
RE NI MTASARER . AR L . et s S
#, BT PESE E 2 A R 2 R iRHIS RN 1S, A
T ATP FMEAK M EL P EREA B, BRI T3
FESEBR RN o 2Rt B A0 L I e ATP W
Tk e PP S 3, e AP R A 405 o i fe P S0
e R BR AR 98%, LM R A, B
LE0TY ATP 5 CMC-Na & &5 W Eh R 103 £ |,
K BT ER R VUFR 2L (I B A 132.59 mgeg .
KR, ¥ 2 o MR —E iy
SPRAE S, nlSCERAE AN, FeA R TIRE,
HA TN PEREUS 19 B e e A5 2005 1 e i
Pk ATP WG B 45 8 R K ) PO, & Bk ME ATP
Xt Po> ) e KW B 25 18 A 129.32 mg-g ! A 13)
¥ CS 5 ATP EAJ5 KM, CS 5 ATP Z &4kl
Mg ATP FfRimbERE, PHBINE &R
ThREURS B . TR 4 S LB #, B T X ER AR
VURRZ I B RE . SR 1M, HETA X CS/ATP Z A
HRHE A5 A P RIS B R

YT FRTE 5, ARSI B A T AR R
259, LI CS/ATP MREfbEk A, Rk = G Akt
JEiEFT CS/ATP E A kb AR BEIANE .
EMERE, [FIT CS/ATP & ARk B T
WAEE(SEM), X SIEATHT(XRD). f# B AR 4]
AMEREFT-IR)EAE /M, LA CS/ATP gz fA
P4 R T B L AR
1 XE5RF

5977B SAHEIE-FUEH L (EE Agilent 2
H]); 6700 U HL AR 2T AN GEIEAY (2 Thermo
Fisher /2 H]); 6390LV B (H AT H);
D2 PHASER X AT HHMX (TR E 1 & 7e A F) 5
Blue Star A 2£5M] WL AR AL SR 2 RHMY
P AT PR A F]); ALC-104 BIHL 7R ( BT
Mettler Toledo £ PR/ Fl); KQ-700E i 75 % 1 Y%
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(T UEHTZ R B A AT FRA A

AT CHOR 2R Y R 2 R A BR A F], it
51 20201101); J8fay ik (LR AR I RHR AT BR A
", #t5 . Z24D10H106777; & =98%); 7o
BEAES . 69047438), HIEE (fit*5: 20201106).
UKEEFR (LS . 20191212) 3490 F [ 24 4 A 1k 24 3t
R RAT]; LR CER(ILZAR & AR N Hi kAT
FRZSH], Hit5: 2019092601).
2 FAEEH#R
2.1 AR R PR R

S EAM, FKZERZERIETRIR, K%
FREX 5 mm FHEATFE BE 100 g & T BRBSH A,
A 600 mL /K S5 /047, R R IRERES, A
¥ RS TN Z AR 7K TS T R T B L 1 20 B
4y, JFRETRAB 1L, BRI S
PREL 3 h, BRI RIS T gzt o
2.2 PRI I E
221 MERERKAERE K% I mL ATk
M, FARBERZ 25 mL B, FBEHEBR,
i DARBE 2, XA HAE 200~800 nm 4
HEATIR KA, 78 297 nm AbAE B R K .
222 XTRBBEWAHES  REE R mL A
KME 25 mL s, W EERMAITES, 75,
SRt BE A 25 W
2.2.3 HEAMERIH S REE R 0.2 mL i
PR, A 0.3 g CS/ATP K44k, Hsise
G W R & 2 RS . BRIt E R R
10 mL &), BPFS A
224 AMLRWMEL  SlH “2.2.27 TR X
B & 0.4, 0.8, 1, 1.3, 1.5, 2mL, JHHME
FEASZE 10 mL SR, 75 RIS AR I e W
HCRE, DA EE (AT T far 44 & TR B (COFE bR v
28, 152 M T 5 R A=0.13C-0.008 7(R’=0.998 8),
7E 2~8 uL-mL™' W& ML R RAT
225 [UEHREERE RBEW 2227 W
X} R SRR, AE 297 nm AN E WG , SR 2
6 K, 1FMIEHER) RSD fHM 0.90%, FBALEAE
W R
22.6 TEMERE #2237 W&
6 MHHA SR, 76 297 nm AMIEWOERE, 15 6
YRER G EE () RSD °h 2.43%, Wy vk iy s 2 ik
R4t
2.2.7 FROETEIE  ORGE WO BT, TE 0,
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2, 4, 6, 8, 12h MEWICEE, HWOLEER RSD
9 3.83%, VEBH 12 h NEEETE BT
2.3 CS/ATP A HiRHHHl 45

FEHFRE 1.0 g CS, A Z 100 mL 3% UK
BRI, TERE I HERS E LA 1000 r-min~! 5404+
2h i, E—ERE FIMARFER ATP Hidf—Emt
], BRISUKESER, THR6FEE 50 HfifH CS/ATP
HAHEL
2.4 CS/ATP K4 itk [ fh 8 far 48 4 il i) B PR 28
T3
2.4.1 CS/ATP E SHIEIM LB HEEE  KEEFR
BATP, Zp%IBA1:1, 1:3, 1:5,1:7,1:9
(CS/ATP)J LL I I A ZE 100 mL CS W, 1E
35 C 7o E 24 h i, THEWFEEL 50 HfED
15 AR . K — g e R T A R
CS/ATP KA, S/ PGt , 78 50 °CTF
CE 3d, MEHELRMARER, RER %)=
FR) JE R B /I ST )T 5 R < 100% o

B ATP RSN, & PR R R e K5 bk
/AN, M CS 5 ATP Hflh 10 7 B, fRERE S,
OEW TPE BAEEN T, &5 T2 G HexT
R, Z k% ATP s, 4
PR RRIRAL, &l T4 CS P RAE, Wl
T GRR WAL, PREARRBEAT, P 1 -
7 VE RGN R IR 1) S K- o HLAldF K TE
[F) 25 261 F IR BB 0N 7.45%, it/ NT 5 B iR
B E RO R R, S5 ILA 1A,
2.4.2 CS/ATPE GHiRMEHHEE MBS HEHE
U ATP, L) 1 : 7(CS/ATP)AY LAl A Z 100 mL CS
R, 4y9ILE 20, 35, 50, 65, 80 °CF I
FE24 h 5, i “2.4.17 TR @ L IR R

Wi 5 P T 3TN, PR R R R e S
NS, YRR 35 °CHY, DR BRI .
Bl AR T, el smtk, 5%
BRI WL B A TR, DA RO T e
TMATWRE, (RS R B ARZL TS, e KRB S ATP
) 7 SR R IR, B B RERR AL, B A
AR VR AT Y ) DR B RN . S5 IR LR 1B,
2.43 CS/ATPE SR FER R B 5 FEHK
HUATP, ) 1 : 7(CS/ATP)RY EL BN ZE 100 mL 5%
BRAWC, 78 35 °C N oilse o hitt 2, 8, 16, 24,
32h )5, & “2.4.07 WUR kil e ¥ L iR B 3

Wil 5 R (] (A 380, 42 22 T O B 3 S0 1 K ik

i E AR FH 252 2022 4F 5 H 45 39 555 o

AN, CEEEFERECY 16 h B, PR P AR
1o X RO FE R IR B B A 5 SORL R 1A KR
PR, LI RO A i (4 MR RS, i FsF ] 7
FEAS, X A I A I BB RS A A B, AT
AP B A TRE . SR 1C,

60 A

of e

1:1 1:31:51:7 1:9
CS/ATP .45

PRE %

20

0 g 1I0 1I5 2IO 2IS 3[0 3IS
BiPET ]/
1 CS/ATP Ll . BC ¢ IR B A 4t 3 B[] %4 4R & R 89 2208
A—CS/ATP [Lfl; B-H{HAEREL; CHEPERTE
Fig. 1 Influence of CS/ATP ratio, stirring temperature and

stirring time on retention rate
A—CS/ATP ratio; B—stirring temperature; C—stirring time.

2.5 CS/ATP & &Mk b A ki i

MR B R R IR IR 25 R AT 3 IR 3 KT
N RS, IR ARERILE 1. DIHE &I
P B8 A N FE AR , 45 5 W3R 2.2k F Box-Behnken
Design EXF % 2 ARREGZS BT IALS R, 5
[l 9 77 #&  Y=81.37+2.42A-2.04B—0.13C—0.74AB+
0.17AC-1.27BC-4.78A2-2.01B>-2.81C2, % 3 W
BBy O = et R E 2 oY L s Y i
W 235 (P<0.000 1), FAEIRPLE RELR 4 0.978 5,
JHHL IS R A 0.950 8, JK B30 P=0.095 4>0.05, )i
A S 2 RS AT, 4% A 28 i 500 B {E
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] 26 1k O 28 W%, Al i [l U9 05 o 20
CS/ATP S5 HRHI RO B S i T 25

=1 R A R Y F A AR

Tab. 1 Factors and levels of response surface test

®3I WMNEHEE T EZ AN

Tab.3 Analysis of variance of response surface model

SR WO AmE #y F i P B&EH

K- ki
A(CS/ATP L)  BEEFERHE/M)  CEEFEIRE/C)
-1 1:5 16 35
0 1:7 24 50
1 1:9 32 65
F2 WMEERARER
Tab. 2 Results of response surface test
ETRe) A B C TR /%
1 0 0 0 79.27
2 0 1 -1 72.48
3 -1 1 0 62.74
4 1 1 0 68.47
5 -1 0 1 63.89
6 0 -1 1 76.16
7 0 0 0 77.70
8 1 0 -1 69.33
9 0 -1 -1 76.20
10 1 0 1 73.73
11 0 0 0 78.93
12 -1 0 -1 64.18
13 -1 -1 0 66.22
14 0 0 0 77.26
15 0 0 0 78.69
16 1 -1 0 77.88
17 0 1 1 68.35

TR 541.06 9 60.12 34.08 <0.0001

A 130.82 1 130.82 74.16  <0.000 1 M
B 74.18 1 74.18 42.05  0.0003 HeEE
C 2.03 1 2.03 127 02972 ARE¥F
AB 8.88 1 8.88 503 00598 A
AC 5.50 1 5.50 312 01208 R
BC 4.12 1 4.12 234 01703 AKRE¥F
A? 238.66 1 23866 13529 <0.0001 #Hei3
B2 16.95 1 16.95 9.61 00173 B
C? 39.39 1 39.39 2233 0.0021 M
5P 12.35 7 1.76

AU 9.44 3 3.15 433 0.0954 AEFE
aliiR 2 2.91 4 0.726 8

JExill 553.41 16

fRER%

SO a

&
8
8
7
7
7
7
7

A: ATP/CS 15

7
Iy
I); ay,

A: ATP/CS Hifi]
Bl 2 CS/ATP tuff|. #HitetE SHHRENHETHERETERL

FAE AT LA 45 TR R a8 Fr 1 5 I AR
F B, ¢ B X 7 (L1 S e R B A . P 2 3
AT AL B O (B A e ik 3 5 (P<
0.01), X i far 44 2 i {2 B SR A2 a7 fy CS/ATP
L B>45 PR T > PR, S5 0% 3., R —
PRI A%, C2 X M Ly 1 P9 52 M B S 2 (P<0.01), B2
of o 7 5 i 2 520 (P<0.05), AB., AC, BC 3¢ H.
A FE YT ) 1o FL AR R A S 3, FR T 2 g T S
EMAE AT LEL, FEARAFREENRG, 7]
PLBIE I 25

P iy
i O g

o tetiata
B

7 ' ' 24 28 32
B: fiFf:f [a]/h

o818 K1 0 I

Fig. 2 Response diagram of the interactive effects of CS/ATP ratio, stirring time and stirring temperature on the retention rate

of peppermint oil
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FIZA5E AL Ak A5 81 178 i 7 T 235 SR 000 e A T
& M 1 2 8.880(CS/ATP), Pt Pk It ]
16.006 h, BCMEIRE N 55.185 °C, H &R EEAE,
PEEBMELLH] 1 9, BCPERFE] N 16 h, BePEiRE N
55 °C, WML F A 78.321%. % FRAuL 4
PFEAT 3 A TR TRAIE . BFZS SR s,
T 2R B 2 78.02%, SEBn (i 5 (g 450,
& W 38 1ok o 7 G 9 P A FS A R 4 [l A R LA S
PR o MR, St & im it 8 =M L,
CS/ATP [EAbIHG PR B 842 5 1 90.45%
2.6 [ELP AR A RAR
2.6.1 SEM #% “2.5” T il & T A0 &
Mot CS/ATP E A kL, # CS 5 ATP LIl 1 -
9 IREHAIIFIE L 50 HIfRITS CS/ATP ¥HER
¥, ¥ CS. ATP. CS/ATP 3RS . vtk
CS/ATP Bl SEM WM ELmLEH, 45R WA 3.
CS 5 ATP 4y B BIAFIEZ, CS RIHILH T4,
ATP NEFYRRIRIERS, R K, &y
MURA G, CS RIMHE A 4Rk MR ATP, Xf
AT SG , SOt MRS RS 4, FLIA 0
Wz, R,

a T

3 T EMH AR SEMHE

a-CS; b-ATP; c-CS/ATP YyHIR AW ; d-ehk CS/ATP,
Fig. 3 SEM of different powders

a—CS; b—ATP; c—CS/ATP physical mixture; d-modified CS/ATP.

2.6.2 FT-IR HUERAFAR, 7505 T4 KBr
RAEER, K IEE A 400~4 000 cm™! #EATLL4k
i, S5RLE 4, BEKAE 3200~ 3 700 cm !
AR I AS I RR B R 0, T RB IR AR oK v A7
7£ OH ‘B HEM], 1T OH BREMIMMLE RN, 5l
T W, 7E 1080 cm™ 4b SRy CS BEFFHE T C-O-C
FIMAEIR B . 7E 545 cm™! AbHERHI 3L | 7 3t
() C-H iR shilée, BorESa ) ALYk K HAe7e
CS. ATP fURREIE, WE07 B RIAR EBA &4 201k,

i E AR FH 252 2022 4F 5 H 45 39 555 o

Uil CS 5 ATP i i i IE Bk 4 . 5 31— CS .
ATP . Wy ER A WA EL, [ Ak 3 for 3% 2 0 5 1Y
CS/ATP ¥y ARTE 3 460, 1633, 1039 com™ AbERAEIK
Wl B B g5, P RESE A IR B A T 55
YERJT, 1S4 SEENSS , TE B T i O Bk W ffT
1£ CS/ATP ¥y A BfLBR &5 # o

CS

—\\"I\/ || 1 \|I II (f \ \III | _—
' \‘I LA | [ AN PR
\/\ ANy \ | csiap
ll'u 7 W { |I|’|'I II |
W L et o L
o 'n U Bk
"'Il | | csiATP

RS
4000 3 500 3000 2500 2000 1500 1000 500
HEem™

P B e

4 FT-IR A
Fig. 4 Diagrams of FT-IR

2.6.3 XRD HUERAFMA, XH#HTT XRD,
MARSEE K Cu #B(40 KV, 100 mA); A &
- 0.02°; FHHETEE 3°~90°; 44 E 3° min!,
ZERL LK 5, ATP £ 6°~9°, 33°~36°, 60°~62°H}
ARTHE, BAEXTRNNE CS A AT HE, CS
5 ATP L IR A TG, A7 5706 B0 S N (R AR 5
WCPE G B AL AR 23°~250 BT B A s, 7E
12°~17°ATT S A ik 5 IR BRI 1) [ A A A3 S i 32
HRRIFREE IIRAG, 12°~17°R7 51604 2, Tl REJA
PR e e e i ARG R, ORI AR I8 )N,
W o 9ok I S BN R SR A — i & A A R
%, T e EUR I BEALYE, 31°~32°, 60°~61°
HE BB B W 0, e BN 4 il 5 AR E B
THMWAH.

: cs
) ATP

- "

i : hj B CS/ATI
wil A S CS/ATP
o BECS/ATPE ki
10 20 30 40 50 60 70 80
28/°
5 XRD A

Fig. 5 Diagrams of XRD
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2.7 iR 5

270 RIS SR E BIHER M, XKL
AT, FF 2 ABOEE BT ES, [
EGHEG F, DER 6 om WREFRIENIRE,
TR S SR AR EE R 4 om, USRS
IR, N EE g mA, RS 2 K
sl 2 g s AR B L, PR, =
T dm e O HEA D 1L, DU E SEAR R R (hy, BRI
AAIE 3 e BOFIAME, IR, IRIEM

SN amarctan D . KL FIZEEILE 4,

r
2.7.2 WA (pp)P? RTER, S R
KT BEGRNG | A B A TR R, R
SEJT, TIN5 (oo )= iR AR T 5
H]. S5RILER 4.
273 PREEE (o) RAREEL, K 2727
T A 1 DR A 1) 22 B DA — 8 R IR 35 B0
R AR AL T i BSOS R R e i, TR RIE
JEE [ 52 25 B8 (poo) =00 i AR S S5 M AR T (AR ] 25
R 4,
2.7.4  RIRFEB(CHPY  MRPEHN 5 B L Pk S0
TR ARIRIEEL, RIRFEEUCT) = (1-pu/ppr) ¥ 100%,
WHEREOLT , RRFEEOR, AR TR, Wish
PR ZE s RORIREUD, MR ahtEschy, ARt
%, BRNE 4,
2.7.5  SEHTANEL A2 SEHTYN HE RN R R R
) REMMBCRES, IHE LS W
(IH)=poi/pov o

5 ATP ML, Btk CS/ATP & &HRaK
ARSI, H/NT CS IRIE A Mgl
R>1.25 BF, MKW oh 25, 5 CS ) ATP Mitt,
MG ) CS/ATP JishtEAR2s, nIREJR & ATP

x4 TEMREMEFEREE(XLs, n=3)

A LRI, %t CS FEAT e f5 25 fin
PR, LR AU, WPR AR B/, B
BRI, B RE 51 ) BRI IEH
BHIER, AR TR SE, BT 2 5
BF . SRAEAT, BRESVERR, BURIMIER; b
BEAT (R AR (b 25 P SRS B RGN, S5 SRR
£ CS/ATP FIPA R E SR 525 B = T CS )2 ATP,
DRI Ay S B RS PR B A T T AR, IR TR
AR B0 B 2, (RS TS B — e
FEJG, BRI FEBE I S, Bk Rk R & A
BhIRE, EO AR SRR . 25 R WL 4.
2.7.6  WEIRPEDOR M A 1E ) e YRR R
TEAHRIRE A 75% M A il 24 h 5, A PREL
AR B ML PRI, BT AR 75%
RS, fE—E iR T ERGAE, 20T 2, 4,
6, 8, 12, 24, 48, 72, 96 h EMFREHERIEER,
WA 3% )= R T 5 A9 A S i — R 1 T A9 A JB )/
MERT AT E X 100%. 22 HIIRHIZE, XTI AL
PEHEAT I R A, RO R X RA,
X IR TR F=at™+bt+c 75K S, AIAEMEH %
TrRRLL IR . R, S5 UL 6 K 5.
40
35

3.0+ e
- {_:j____A —a—a Y HECS/ATP

= 2.0
1.5} .’//’"
1.0F
051

O0 2 4 6 8 12 24 48 72 96

t/h
6 T IE M K B RR i 4

Fig. 6 Moisture absorption curves of different powders

_w—a=—=a(CS
o ATP

BARH/%

Tab. 4 Investigation of powder properties of different powders( X s, n=3)

FE FASE T (p)/g-mL! PR S (por)/g-mL! RIRFEE(C/% ZEHE Y L (TH)/ % R IEF (a)°
cs 0.341+0.040 0.503+0.003 32.21+7.85 1.47 40.64+0.21
ATP 0.375+0.022 0.603+0.032 37.76£1.89 1.61 40.23+0.15
et CS/ATP 0.458+0.013 0.750+0.022 38.94+1.33 1.64 40.36+0.03

RS5 TRMARBIEHKE = TUE T 5 H7

Tab.5 Two regression analysis of moisture absorption data of different powders

FE b ey R e o Ry A W IRATH /%t IR /% h
cs F=-0.046 1t>+0.894 2t-0.682 2 0.991 0 v=-0.092 2t+0.894 2 0.894 2 -0.0922
ATP F=-0.040 0t>+0.732 8t-0.334 7 0.957 1 v=-0.080 0t+0.732 8 0.732 8 —0.080 0
%t CS/ATP F=-0.047 0t>+0.749 1t-0.3010 0.929 0 v=-0.094 0t+0.741 9 0.7419 —0.094 0
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3 MU ARTE 0~24 h A IRBE, IR HRE R,
TE 24 h JE &2, WIRHRKE, CS Ktk
CA/ATP W<k SHfaIf--17, {2 ATP {5 H 218
TR, AT, CS MRS kR I R,
MR UUT KRB IMKIK R CS>ATP>2 % CS/ATP,

CS WMWiK, R CS. stk
CS/ATP. ATP, Wity h ATP>CS>ek i
CS/ATP, %I 7 FisR FAF s R fE, 2
TR TR 0, B4 v=2at+b=0, A 154 HK (CS .
ATP ., H0PE CS/ATP) i A 2 iy st () i ], Y-y
IFIE] 359104 9.698, 9.160, 7.893 h,

2.8 WML E A

2.8.1  JHEfar i R AR A

2.8.1.1 SAHEIESF  HP-5MS(30 mx250 pm,
0.25 pm)#PEA SR BAEHE ; FEHE R 250 °C;
FEVIERIRE 60 °C, F£4F 3 min, LA 8 °C-min"! F+ &
220 °C, PA%F 10min; HEFEE . 1ul; WK
Il mL-min™'; A AA

2.8.1.2 JEIELAM BEIEE 280 °C; B FUE(ED
IR 230 °C; URATIRE 150 °C; LB HLE 70 eV;
VFAER AT E] 3 min, FH SO &, ST
Fl 50~550 aum,

2.8.1.3  XPHASL IS WG RO EC ] RS 5 B U A Fiki %o
HE A 12.00 mg % 25 mL &, O L BEHfR
IFEE, A, HI 0.48 mg-mL ' RUER, 1EHN
Xof B S BE AR, R <2.8.1.17 TR SRR E
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TR ORI IR IT e 25, R 91 e B T R VA TR
Fie “2.8.1.17 WUN AIGAIFINE , 0 RER
WETRIAR, DAVEREVR BE MR AR BR(X), D6 AR S Ak
FR(Y), 2l fr iidniE i 2 Y=2x108%+107, ik
TGN 0.048~0.288 mg-mL~', MHXERELK R=
0.999 2, FHHMANFEH ST I N et E R BRI
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Fig. 7 GC diagram of mint reference substance(A) and
essential oil sample(B)

2.8.1.7 FUEMERLS KGOS RS 1 L,
fie “2.8.1.17 WUFAi%&ME, 204 0, 2, 4, 6,
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FARSDHH 1.82% , R BIIAWRAE 24 h WRUEM: R AT
2.8.1.8 HEMIRE % “2.8.1.47 TR EATH
%6 MRESD, T2 “2.8.1.17 TR (i SHE, 105
UEETRI AR, 235 SR 3 PR A A DA TRI R RSD {EA 2.95%
2.8.2  EiRiE R0 KRR AT & . CS/
ATP [EALR R4S 1, PRI RIS, 2
BE 35, 50 CHEIR TANBE 7d, T50, 1,
3,5, 7 RWUEE, W wifr i & 2. 7F 35 CCA&AF
T, T A A T AR S i i Y P e A S )
PIE, TREEHEONT AW, 25 5 RETPIE
() Fr i JLF A B B, (R AL TM Y CS/ATP
AR i B T eI, A S0 °CHE, 3B 1R
WIE S BEA RIENRE, W 3 RIFMR, WET
Rk 218 SRRt s, XAl S, CS/ATP [Efk
YIReHe S R R e T . S5 R ILE 8,

2.83 iR R P O % R HO R R
CS/ATP [EfbImM A4 5 0y, FEiT e PRI,
Ay EIREE N 75%, 92.5% FitE 7d, T4 0, 1,
3, 5, 7 R, W w5 RIS 09k
KA S AR 1 KA PR 1 e i
P, (B 3 R FREEZEE, HSEYET
LTI R A (A 1) S A i AT B

R, LI CS/ATP [ k4 RE4R s 4% 4 i R AR
M. SR IE 9,
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Fig. 8 Thermal stability result of CS/ATP cured powder and
peppermint volatile oil at 35, 50 °C

A-35 °C; B-50 °C.
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Fig. 9 Moisture stability result of CS/ATP cured powder
and essential oil of mint at humidity of 75% and 92.5%
A-humidity of 75%; B-humidity of 92.5%.
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