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Research on the stability and functional characteristics of polysaccharides
and peptides from Auricularia auricula

ZHAO Ming, DU Wan-Jia, LI Ting, KONG Xiang-Hui', MAO Xue"

(Institute of Microbiology Heilongjiang Academy of Sciences, Harbin 150010, China)

ABSTRACT: Objective To explore the impacts of diverse food processing environments on the antioxidant
activity of polysaccharides and peptides derived from Auricularia auricula, and analyze the food functional
characteristics of these polysaccharides and peptides. Methods Taking Auricularia auricula as the raw material,
Auricularia auricula polysaccharides and peptides were prepared through enzymatic hydrolysis. Various conditions

of different food additives, metal ions, high temperatures, pH and light intensity were simulated to assess the
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antioxidant stability, functional characteristics, and morphological features of Auricularia auricula polysaccharides
and peptides. Results Exposure to light, strong acids and bases, as well as the presence of Na', K', and the
sterilization method, had a minimal impact on the antioxidant activity of Auricularia auricula polysaccharides.
However, the addition of Fe**, Cu*", glucose and sucrose caused a decline in the antioxidant activity of Auricularia
auricula polysaccharides. In contrast, the addition of erythritol, citric acid, potassium sorbate and sodium benzoate
enhanced the antioxidant activity of Auricularia auricula polysaccharides. Lighting, a pH range of 5-7, and the
sterilization method had little effect on the antioxidant activity of Auricularia auricula peptides. The addition of Fe*",
Cu?", glucose and sucrose led to a decrease in the antioxidant activity of Auricularia auricula peptides, while the
addition of Na*, K*, erythritol, citric acid, potassium sorbate and sodium benzoate increased the antioxidant activity
of Auricularia auricula peptides, with the highest antioxidant activity observed at 60 °C. Auricularia auricula
polysaccharide and polypeptide possessed general water-holding capacity and certain oil-holding capacity. Their
foaming property, foam stability, emulsifying property and emulsifying stability increased in a dose-dependent
manner. The freeze-dried powder became denatured and inactivated if it could not tolerate high temperatures.
Conclusion The polysaccharides and peptides prepared from Auricularia auricula are suitable for use as

emulsifiers, foaming agents, or functional ingredients in industries such as food, health products, pharmaceuticals,

%16 &

cosmetics, etc. This study can offer a theoretical basis for the deep processing of Auricularia auricula.

KEY WORDS: Auricularia auricula; polysaccharides; peptides; antioxidant; function characteristics
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HoKH (Auricularia auricula) 2 25 E R, &
NEFFR I ZRERYRY, SHEENZH. Bk,
ez REELF YR Y E RSy . BRARH 2RI
FEEMERS, BAAPUA L. BEMAR . PulEm . FEmw .
PR S A P PR FEE, BOKH R R (R ATk
10%~16%, AT AE A 0 5T T P % SRt Ste D, 388 3 i e v 1
HE TR

AR . M ZRATHEROR | E S E PRI
SHURN AR A DG, AR LUGE 2L ST A T 4
A3, SRS AT A R, PR Z iR, £
WEAT DLE S W BRAUA N 0 B R3S . R HU A RS
SEUD )y SCAENUR N R P A AR TV . 5 A (s s )
SeiFAH LG, B R RIE N Z R R R R IEIRIE 1z .
HUAAL BT 5 AR R SRR A, CAETIREME R . WS
F RN LG SRR 2z A AR, R R
H-Zpk(Auricularia auricula peptides, AAPP), M AH £
(Auricularia Auricula polysaccharide, AAPS)EA RIFAIHT
FALIEPE, T AAPP. AAPS AR E PE A REFE PR
B, ZRR. ZHiaBlAdb . KSEERTR AR, AR
IEABE &SI . &R EF . SR, pH. SGHGRED)
WA IR . L, TR IR BT TG (]
BF, ZRK. 20Tt SRR SO i DA B2 (R 254
SR, eI FRYE . PO RS R, fE
AT AT DL R G B A AR, SR R
74 AAPP AAPS F A NIRRT AL (259 Abdk s 5, i

ot HRRE VE AN I BE AR E VEA T IEA, (o LT DL K PR Y
FEOIREAE

AWFFEFELL AAPP Fll AAPS X155 [ LI BRAE T
Febr, MIVAE . TR P S b TE AR e Pk, DA
KA s IhaektE, $75 AAPP il AAPS 76 £ 45U T A 10
FAAMEL, R HE— B T RIS B R b T R AR S %

1 RS

1.1 #E5R

HORE (T 0, SKE 13.2%) [ B ITARER MY
WFFE 4]

FpPEEE (600000 U/g) | B 25 4 (500000 U/g)(JF
FIEAEE A A, REEF(FDY-2212, 60000 U/mL), £F4E%
fifi(CEL-01, 11000 U/g)[ B LR EYRH T £ B RA F;
TIRWAL . Kipie . W& feE . Bma . Sk, &
R AR . SRk . REME . AR . ORHERRN . FriE
R (AT al, JHETT R B A AR A B A F).

1.2 UE5EE

ZQLY-300V 41 ¥ 37 35 77 48 (b1 028 (U A BR 2
)); Infinite 200 £ L BERFAR Y [Fii -5 15 (Tecan) A Al ]; IKA
T10 basic B EHLCERALF B A FRAH); HVE-50 KB
[FER (AP EARGRA A CR2IN (& A R & 0L
(H 7 H 57 HITACHI 23 Fl); SL-SM300 #87 J fiis 206
N FR G (P B A AT B2 D), F G PHS-3C 2 pH (|
AR R ER A AT BR A 7)), HMS-20 KA L 1+t
fr (AT S AT B2 D
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1.3 SWAEE WS/%= IKA’“ <100% (1)

1.3.1 AAPP, AAPS ##1%&

S B0 = WA DA SR R Ok OB, 38 Ao i I o A 15 )
Z MR ZE % FLE A S R A T A, SRR LML )E &
RN M R S ie Rt 4 . AAPPY, BV 1:45, TR G
Lt AT L 1:1.5, EHE 1600 Umg., MEFET ]
120 min. FERIRE 50 °C. pH 7.5, EEUE R 9.2%., 4
H65.2%, AAPSPY: [ oM 1:40 S B 08 K 3%, i
ff# Bt 1) 90 min., FEAENLEE 52 °C. pH 5.0, 3EHE R 32.5%.
4N 76.8%
1.3.2 SERsT AAPP = AAPS /5% 4 BACAE T M9 vk

27 FEAE R SO ik, % AAPP R AAPS it il B
WWE | mg/mL WIER, BT =MD, HMEKRD. K=
FA N E T ARG, HOGKTFE G, Bt R4
Ab, HAMPRE SO ORE— 3K, B0 2 d BORE, DE R B i
HLIERRRE ST -
1.3.3  pH *F AAPP #= AAPS &k L AAAL T g F

SIS SR ), # AAPP Rl AAPS FE LA
A pH F MG MR, Bl BB RWE A | mg/mL 1)
VS, 2 h )5, MERE A I RREE
1.3.4 BAEX AAPP fo AAPS ik 3 BACAE P89 % vl

S RN Jr 1, B AAPP FI AAPS 2 il 55t
W | mg/mL MR . R0 E T A FRRE T #E0R
I, A 0.5 h U —k, ME L A LB RAE T .
13.5 45573 AAPP fo AAPS iR L AAMA T 67w

22 R U2 vk, 0 A [ v BB 1 S Akl
Sk EALE A AL BRI B AAPP F AAPS TR
(1 mg/mL), ZEHBDERE 2 h )5, IS REE hIEERAE
1.3.6  # AR KRBT S BR AT RG TR

SR ik, RERE . AR IR AR R Sy
FA0%. 1%, 2%, 3%, 4%, 5%); FrEEIR(0%. 0.1%. 0.2%.
0.3%. 0.4%. 0.5%); ILZAERH AR B R 41(0% . 0.005% .
0.010%. 0.015%. 0.020%. 0.025%)%3 518 Fi AAPP H1 AAPS
WK1 mg/mL)EME, SRS ZEREDEHE 2 h, WE
A B EERRRE T .
1.3.7 REF XA S BRAMNE TR A

SR I A ik, A A KT (100 °C,
10 min), LG IE(70 °C, 30 min) ., ik K #(2.4 W/g, 10 min)
B EK B (121 °C, 15 min, 0.11 MPa), 2£4M K E (30 W,
30 min) 7 LA FE AAPP F1 AAPS JEW (1 mg/mL), Ml5EH
FEH R EENEBRRE S -
1.3.8 Fhaesr oM

(V7Kg bm 2

0.25 g AAPP 5 AAPS I T 25 mL#E#li/K, 90 °C/K¥& 1 h
J& 10000 r/min #.0> 10 min, F&_LEREHT, id20E
HT MR, KIS (water solubility, WS)AYH44 1245,
(DHFR:

b WS K, %; m R TRIR R, g M N
HRT AR, go

(WK i o

0.25 g AAPPE{ AAPS B F 15 mL B.00%, A 10 mL
HBLlisK, T AAPP 3 AAPS S8 BB 4l /K IR 5 # & E
20 h, FEE B, BBORIE SRR, kK (swelling
power, SPYMITTHEANA K 2)PTR:

SP/(mL/g)= Ml x100% ©)
1

Kb SP MK, mL/g; V AR TRRRIES SUAF, mL;
M, R TR AR U, g.

Q)R PEFF R M

0.5 g AAPP B, AAPS Il 25 mL 7&K 8 Kk il 78
50 mL 5.0 A, 100 t/min #7745 60 min, 10000 r/min 5.0
10 min, 3 % F¥EW, /K (water holding capacity,
WHC)/43# 3 # (0il holding capacity, OHC)HJH 55t 24 =,
B)R:
WHC/OHC g/~ BBOK S 78 £ /g

M ER/g

(4)7E YEL PR R PR R P

B AR FHE B9 AAPP B AAPS IR IR, 10553 AT
JE TRV, VL 1 i (foaming capatical, FC), 7E 30 min
JE it SRR Vs, T TR AR 2 P (foaming stability, FS),
TR K@) PR

3)

FC=2"Y x100% 4)
Vl
FS/%=3"2 «100% (5)
h =V

K FC MR, %; FS MR E T, %; Vi ) BTET
RBL, mL; Vo MR AL, mL; Vs RS 30 min J5 &
H, mL,

G)FLALYEFNZLAL AR E 20

W AR ) AAPP 5k AAPS TS5 K E iR A), B
JE B0, A LA (emulsifying capacity, EC), ¥ FLiK
7E 80 °CRM# 30 min, BT &L, THEFLATE M
(emulsifying stability, ES), 31841 z0(6)FI(7)Hin:

FLALZ AR /mL

EC/%=——""—"——"——x100% 6
A AEEYmL ©)
TR ABmL
ES/%= 100% 7
BA A ARmL @)
o1 EC WILILME, %; ES LI, %,
(6) IR BT 32

TR& AAPP 5 AAPS 5K 6 4, B4/ 0.5 g, LA 5 mL
BY/INE O N, R T B s, 43 s A R R
20 ). 35, 50, 65, 80, 95 °CIHYEIRT1R4H N
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30 min, KRALBREF ) AAPP B AAPS My KB EFcamat b,
MEE AAPP 5¥ AAPS By ALEA R 25440 T B (A8 1 9
sl TaeT
139 #AadAAREE AT

BEAFRA . 6 mmol/L /KAZR . FEVE W F 6 mmol/L iR
WERE WA 0.5 mL, IREIS], INA 3% /KIEW 0.5 mL,
16 37 °CF [ 30 min, 7E 510 nm AL RE 54 RO RE A
Xof HEZH P SRR FR 22 88 A AR SRR S iR, I A4 I )
JEE Ay 28 A SRR LB Tk AR SL A, e A
NI ACRE Age THAEAR AKX @)IIR

RHA Hﬂ%?%[@%ﬁ'éjﬁ(lf% )*x100% (8)

1.4 HUBRALIE
FRELE 3 K, R EARHERZERR, RH
Origin 2021 {4 E .

2 HERE5HH

2.1 AAPP, AAPS iEHIEAEMSNER

2.1.1 tBBz+ AAPP F= AAPS iR 3 BT M Hrh T
1 PR, B CIRIRI A LER:, AAPP F1 AAPS 1A
a 60 -

—=— [R5
50 + —— HIEST
—a— BT

aa

40 +

30 +

20

YAk B R AT RRAE /%

10

0

60 r

50 F

40 b

30 F

20 F

PR A RRAE S1/%

10 |

0

0 2 4 6 8 10
A i) /d
T AE/NG FEFR IR A N 25 5 i3 (P<0.05), &l 2~8 [,
B 1 SGLEX] AAPP (a)Fl AAPS (b)HTE AL IE PEAI SR

Fig.1 Effects of light on the antioxidant activity of
AAPP (a) and AAPS (b)

MR A B IEIERRAE I ST B T 8 2K
> HOBAT>H, T B 2AEXT AAPP Al AAPS ¥R Y
B H IS BRAE SRR . BT g b SR
7N 3 G HRAL BT X MR R B R BRI R R R
TR HE2ES, X GAUREERAE, 7T /8 288 M
SRR oy F A G, A RALR B S A
i 6 W TR RFR 4 AR 7 I TR AL A AN B AR,
R A, SGEEST AAPP Fl AAPS #E AN Lid 72
AL RRE M I /N
2.1.2 pH %} AAPP = AAPS & 41 BANAL T M09 e 54
I 2 fs, 24 pH 1 3~8 JLEII, AAPP ¥R 14T
FALEM R T RERZEA GG FREMBEE, AAPS
W BT A AL TE M S B R RIS g TR i
AAPP FWRAE pH 5~7 Z IR T E P LG PE,
{B7E pH 8 B PR ALTEPE B2 T W, W RE R R T7EmR P 4%
T, ZIREA W LT SRR RE 0 38 4 % 1k D-RY S
iR, LIRS R EmRWIE e, SR E A2 MR
RAUUE, TR B TR S5 18 T I 235 T 22 R FL A P 5
SEBTEALIETE TN, AAPS W RAETR IR AIE T, AT
LS ¥ 00 B (0 0 S IR A5 ), SR s in S Ak s 1)
ELBE 5 1 2 R R PR 5, (R & kA Y, S8
FALTEPEREAR . (HREE A R th it 1S58 (OH), Z M
e JL A B A R A b R A, XS A R SR
RS R Z W T 5 B Z M s EH, F2
ViR 5 5 A ML G IFB I bR . IR, Gk 2R a5 vr
RSl T REME DL, BRENEZEAEND
FALTEYEAL A, BT 285 B B S L,

60

—a— AAPS
—e— AAPP

13
b
4
(=]
T

pH

K2 pHX} AAPP il AAPS Hi A AL Pk i
Fig.2 Effects of pH on the antioxidant activity of
AAPP and AAPS

2.1.3 BAET AAPP f= AAPS IR L BN R v T
R e ECHE Wain T2z —, W mHE
X AAPP Fl AAPS WP EATE MM A TR
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o Wi 3 iR, B INHET R ALK, AAPS IF BT AL
WGP B3 o (ERRIREE T X AAPP Wi Ak i vk
GEEIAETE L5, Horh 60 °C>80 °C>40 °C>100 °C ., X1/
MWK E SR BT EARTERE N 63~70 °CHY, P LTS
PR . TR A PR IR s b & A st
T FBOLIE HEFEAIL

TEWRE 40~80 °CIHUZIHFT, AAPS IER BT E AL TEPE
Rfiest )BTRS, 7 2.5 hR, 3 ANRMEF R ELE
PEAE T R RRIRAS, IR AL, AAPS IR P A fLRE
T WA B R L TEIRE 100 °CA41E T, AAPS W HIHT R
AT B o TR A A K 2 T B R A IR AT R 2
W48 b i A UL T S 35022 W 0 B TR A B
AAPS RO TR I T P 55 22, A7 I SFE £ S T
FEr, R 5K st 18] 4 45 1 A v PR TR
2.1.4 £ BT AAPP #= AAPS iR RAAL T A8
# R T

AAPS %R B AL BE 1 Yok BB 2 AE, T AAPP
VWA Na® . KRB TR, R A S5 bR 1
L2 A, XRERE IR Nat, KTR CU4T
0k 22 BRI Ha A P, (AR R R 9 09 B R E R AR AR Ak,
AT S A T AT AL RE JT, X5 SHEN ZEU 7R 518
R GEL—E . ARMRIE R Fe¥* . Cu®> 4L RS, AAPP
Ml AAPS I T A AL TG PEBE Fe’ | Cu™ B 7 W BE /Y 3
EHT M. Fe'' Co™ B IR £ K 2 1] A9 455k 1L
SENVEH, SR KB B R K A AR, VA R AR
ik, —seILA SN R, A5 s R A e
BRI LR 42 8 B 45 A T8 U A, DTl A5 1
R TR, B AR RIERREE S TR, mA
Fe*', Cu®' i AAPP il AAPS I T A AL T E R iy I
DR 3 1] A2 VR 0 0 Fe® Bk SRR Fe?, Cu i J5 Al
Cu', FEEWARZR N EPUA A IE PR R e i
THET= AAPP FI AAPS IE I, 1 4R &b 5 s
Fe’* . Cu* MK TmH .

b
601
501

401

301

T Ak A LTS AR /%

20

0 05 1.0 15 20 25 3.0 35 40
s ] /h

K3 JREEXT AAPP (a)fl AAPS (b)Y ARG 1 B 2
Fig.3 Effects of temperature on the antioxidant activity of AAPP (a) and AAPS (b)

mE 4 arEL EARFWER Na'o KERER D
—=—4() °C
a 80 ——60 °C
——80 °C
a ab  ped abe ——100 °C
X 70F & de
& 60F @
#z bc ¢
b
£ 50
I
i
X 40
30 1 1 1 1 1 1 1 1
0 05 1.0 15 20 25 3.0 35 40
I [a]/h
—a— Na*
a —— K*
80 —a Fe¥
—v—cuﬁ
© 70F
;wé 60 -
&
#z S50
b
H 40+
I
B 30t
iy
20+
10

0 2 4 6 8 10 12
4 )8 B M FE/(mmol/L)

£711/%
&

PRI L]

0 2 4 6 8 10 12
%)@ B U /(mmol/L)

K 4 &JRETX AAPP (a)fl AAPS (b)bi &AL M A 52
Fig.4 Effects of metal ions on the antioxidant activity of AAPP (a) and AAPS (b)
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2.1.5 F BRI AAPP f= AAPS 5 & FHAMNAE T
o % o AT

(D)FEEFIXT AAPP F1 AAPS VAR IF2 5L H 1 2205 1%
RE 143 HT

AR R A0 . HEWE)S, AAPP Fl AAPS M
Brafkfe S Bk b E R (P<0.05)(& Sa. 5b FiR); 1
INATREEWERSS AAPP F AAPS VIR B3 5E B & b ae
IR b B R R B B R S B TSR Sc f
7R)o 5 AAPP M LU . RERE T AAPS VA 52 m HEK
PSR, TREREEERENS 5 A i 5L N A R 5 A

60r —=— AAPS
—— AAPP

50F

30F

FHE B o ETERRAET1/%

20

10

0 1 2 3 4.1 I5
S T RV 1%

801 —=— AAPS
75 —e— AAPP

70
65rf
60 f
551
50
45
401
35f

30 1 1 1 1 1 1
0  0.005 0.010 0.015 0.020 0.025

LR VA BT i R 1/ %

Fe Ak A SRR AR /%

FREEFEEO R BERR A LA H A, IR AR Rt n] 4 il
MU A 2R AP IR, 78R 427 AAPP A1 AAPS
T S, 2 S 3RE S S I 4 AR 59 JRE AR A A,
EEYEY PN st e i o Suel b SR

QMR YT AAPP FI AAPS VAR 9FRHE B B L5 %
RE 15 43 Hr

AR, AAPP #1 AAPS VIR 5L B th LG %6
FLEMAR B E TR (P<0.05)(& 5d FT7R). ArGt—Fhisa
PRFIBEROR, B B AR T AT P BkBE B
GAIEFRFRIE O] SAPEER TP A BRI RIS, A s AU,

P 60

50 F
40t
30

20

FEHE A oI ERAES1/%

d

70 +

(S e
oS O
T T

FEAE H HETEERAE T /%

ey
(=]

T
O

1

0 01 02 03 04 05
PR T /%

—s—AAPS
—e—AAPP

—n

90T

80T

70r

501

FEHE 1 I IEEERAE S/ %

0 001 002 003 004 005
HH BRI T R /%

Bls  H R AT AAPP I AAPS B A b I M 152
Fig.5 Effects of common food ingredients on the antioxidant activity of AAPP and AAPS
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HETTHESE AAPP PP b2 i oy R Ay
BERR T LT AP T AR IR EL A S R R VE L, s b 4 fk
TWtE . AR WIESE, B T LR N & & P A Ak 2
B G 28 A (R s ) 2T

G)BFERIXT AAPP F1 AAPS VWK ¥R EE A B BLT5 %
B 15200 53 BT

1 b BB 3R S H N T B R T B — R
INGR o T8 I TS0 S 00 AT AT S A P e A e 4 T
DUCRIAS i, 8 17 AEE 4K £ it P9 T R ) 240 B ol DL 3 1
I FLRR B0 A2 B RRAN TS IS AAPP 1 AAPS 9 152 3
A BB BRAE B AR BT R (8] Se B SER). IIZLRR R
Je— R EF PR R BRI R, S IR AT I bR E
A kR N, TE AAPP R AAPS SRR UL
ZURRA v AR R LA ARG M . R R R T SR, 7E
HATR, AAPP Al AAPS IR A58 o F Ry BE Sy 1ok, i
P PR RE U0 AR RN AAPS T VR A S I
R AP IR AN LR R B Y R R RN R, 35 R B

P TE M
2.1.6 KREH X 3T AAPP #2 AAPS KRBT F ok
2HF

WA 6 Frnif 5 FleK B 0% AAPP A1 AAPS ¥
AT M R FE AN o 22 KR 22 W 10 25 R A X R
S F N RALF RS I AME A, ERE . EH&HTAR
DR, DR R L R A X P A R, R TR
T BRFRIE [ PR 2 A998 VRO R SE M RR AR, (EA5 S BREE
AR KE M. KL, X AAPP Fl AAPS I UEATIN T
7 b AT AT B Pk K X

100

A AAPS

= AAPP

[0
=]
T

60

FREL H RAEIEREE ST /%
IS
=

KEiJi=

K6 KEJTZ AAPP Hil AAPS HLA AL IE AR i
Fig.6 Effects of sterilization methods on the antioxidant
activity of AAPP and AAPS
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2.2.1 WS. WHC #= OHC 4% #7
N 1 fr7s, AAPP F1 AAPS ) WS Y81 95%,

H T B R . WHC X dom U ZhdE . ik
DL NRE I st S5 AR K, WHC B9 =R XT 7 i B e A
BB AR KA, T OHC By AR £ 5 JRULE g 4
FA IS RIAFAE— 2 ROSE R, DA OHC Bl DASE K
AR 2L ik 1 R, S ERENZIK, £
WAL, AAPP Fl AAPS Y WHC B8 2, AAPP 1Y WHC
(0.63£0.02 /o) Rk (IR £ iy WHC (2.02 g/g)l™;
AAPS By WHC [(0.90+0.05) g/g] 5 W 2 R 5t £ 4
(0.95+0.04)P% L & M L, H AR T o & F k£ b
[(4.097+0.537) g/g]. kI RLHH[(3.87£0.35) g/g]PFn =&
ZHH[(6.75+0.67) g/g]®?%: . ALETOR %P3y WHC 7
1.49~4.72 g/g JLEIN, BT LR FAEAR R B4 & 5o T
Hi o AAPS 1Y WHC AR AT U5 B FH 7 o FREAR 1) 43
i, S F IR R M 2 W43 0] DL B s AT 1 TR 45
Y 5K T4 I TE R K B 4548, AN 5 57Ky F-4>
R, A X 50 T AN 1A 22 WA AT B RAR 2544 5 7K 4
FHEEFRTS—eBY AAPP % OHC H[(3.20+0.02) g/glik
T AF B I 2 Ik OHC (4.553 g/g). AAPS ) OHC
H[(4.38+0.15) g/g] 5 hE B B2 2 i (4.398+0.040) g/g FHj
B H(4.250£0.055) /g HAHIMWAY OHCPl, AAPP FI
AAPS A] DU Ry £ i USR03 im0 1) 11 %, [l
DR LA A P AR TR v, 3 AT LA Lk £ i Y 4R
1k, HER SO .

1 AAPP F1 AAPS ) WS, WHC #1 OHC
Table1 WS, WHC and OHC of AAPP and AAPS

FESh WS/% WHC/(g/g) OHC/(g/g)
AAPP 98.91+0.77 0.63+0.02 3.20+0.02
AAPS 95.45+0.32 0.900.05 438+0.15

2.2.2 FC #= FS 5 #7

&l 7 AT, HEWRAE 5~30 mg/mL BF AAPP Fll AAPS (¥
FC 1 FS ¥R . AAPS 7€ 5~15 mg/mL
BRI, JEREEATRE, 78 30 min PULP-EIBEEL i
W5 AAPS STV EE 3G, FC RIFS M4 K, 7£30 mg/mL
i FS 15 16.38%, 5 AAPP 20 mg/mL I 4 FS AHIE, 7EAHE
BT AAPP 1 FC Fll FS % AAPS 5., AAPP ) FC
F1FS #5551 T B P 2 B VTR R 9 22 B FE R B R
S Z R K A Y AU S PITEIR, 7] B 1 R 3R 1 AE
BBt S5 B = 1 7,
2.2.3 EC#= ES 947

il 8 AT, JEWETE 5~30 mg/mL I AAPP il AAPS fY
EC 1 ES #RIFI ARy =0, H SRR
&, X5 WANG %P DRANCA A58 45 5EMIM
Bl AAPP MREERISEIN, AR R APHES s, vk
TE B w B W SRS, NI EC Fi ES #Z i i .
EemR BT s R, 2R EC R EZ RSN
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SR, S5 9 FoR, [FAAL BRVR 43 A BRZ0AH
L, Bl IR AT AAPP FI AAPS ByRBI (ARG A IR 2

FERIMER . BT AAPP HYRIR H B tE KR 6, WERCR
ANHUAE, [HEE RN AAPP F1 AAPS ¥ H L T i
WIS R, AAPP Fl AAPS % T W AN 32
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JRCSFAS B A 4538 — 5, 22 IRVR TRy ANt 32 36 B i 5 0
AAPP Hl AAPS 7 W AT ¥ F KA R 28 v AL 3 H 4
TR, TR A SN T AE R TR IR A TR
Zop, FIEHFRAERR, Daasia s, SRy
fhIE M2 Ak DRIk, AAPP Fll AAPS [V TR TR T4

B A2 el o

59  JREXT AAPP (a)fll AAPS (b)MULII SN
Fig.9 Effects of temperature on the exterior of AAPP (a) and AAPS (b)
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