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STUDIES ON THE STRUCTURE AND COAGULANT
ACTIVITY OF DEXTRAN UNDER
ULTRA-HIGH-PRESSURE AND ENZYMATIC
DIGESTION

ABSTRACT

Dextran, a neutral polysaccharide produced by the
fermentation of sucrose by Leuconostoc mesenteroides, which is
mainly linked by a-1,6 glycosidic bonds, and is widely used in
the fields of medicine and food. Medium and low molecular
weight dextrose has been included in the Chinese Pharmacopoeia
and can be used clinically as a plasma substitute and blood tonic.
Also low molecular weight dextran plays an important role in the
drug delivery system. The high molecular weight dextran derived
from fermentation cannot be directly absorbed and utilized by
organisms, and large molecular weight dextran can be degraded
to low molecular weight dextran by dextranase. Ultra-high
pressure (UHP) is a non-thermal processing technique that has
been reported to improve the bioactivity of polysaccharides to a
certain extent. Therefore, in this paper, we used UHP to treat
dextran to improve its coagulant activity; meanwhile, we used
enzymatic hydrolysis to degrade the molecular weight of dextran;
on this basis, we investigated the effect of UHP co-enzymatic
hydrolysis on the anticoagulant activity and antiplatelet activity
of dextran, and elucidated the mechanism through structural
characterization. Untreated dextran was used as a control for the
study.

The following aspects were mainly studied:

(1) Process study on the improvement of the coagulant
activity of dextrose anhydride by ultrahigh pressure; ultrahigh

pressure treatment of dextrose anhydride slightly improved its
1
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coagulant activity and reduced the risk when it is used as a
plasma substitute. Through the one-way test, the four items of
coagulation were used as the indexes to study the optimization
process, and finally the PT was used as the response value, and
the response surface was used to optimize the process of
ultrahigh pressure to improve the anticoagulant activity of
dextrose anhydride, and the best optimized process parameters
were obtained: the pressure of ultrahigh pressure treatment was
400 Mpa, the time of treatment was 19 min, and the number of
times of treatment was 1 time. This condition showed the
greatest change in the PT value.

(2) Study on the process conditions of dextranase hydrolysis.
The enzymatic decomposition rules of dextran were studied, and
the enzyme hydrolysis conditions were optimized. The test was
conducted to optimize the enzymatic hydrolysis process from
enzyme concentration, enzyme hydrolysis time, enzyme
hydrolysis temperature, enzyme  hydrolysis substrate
concentration, enzyme hydrolysis pH, and molecular weight of
enzyme hydrolysis substrate, in order to obtain different
components with lower molecular weights and relatively
homogeneous components, and finally the parameters of enzyme
hydrolysis conditions were determined as follows: the enzyme
hydrolysis time was 50 min, pH=5, the temperature of enzyme
hydrolysis was 50°C, the concentration of the substrate was 10
mg/mL, the enzyme concentration was 10 U/mL, and the
substrate was dex-70.

(3) The structural features of dextran were explored; its
structure  was identified by high performance liquid
chromatography, Fourier infrared, X-ray, scanning electron
microscope (SEM) and other analytical techniques. After UHP
treatment, the molecular weight and glycosidic bond of dextran
did not change, still linked by a-1,6 glycosidic bond. However,
after enzymatic hydrolysis, dextran was cleaved into two
different components with molecular weights around 3000 Da
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and 800 Da, which were confirmed to be dextran by structural
identification. At the same time, the enzyme digestion and UHP
treatment destroyed the crystal conformation of dextran, which
changed the dextran from a crystal structure to an amorphous
structure. In terms of surface morphology, the UHP treatment
caused the surface of dextran to become smooth and flat, and the
pores increased. In contrast, the enzymatic treatment caused only
the edges of dextran to become smooth, while the surface pores
disappeared.

(4) The coagulation activity of dextran was investigated; the
mechanism of the effect of co-enzymatic digestion on the
anticoagulant activity and antiplatelet aggregation activity of
dextran was discussed, and the ultrahigh pressure could disrupt
the endogenous coagulation pathway of dextran, which resulted
in a decrease in the activated partial thromboplastin time (APTT),
which was close to that of the blank test; at the same time, it
altered the pathway of the exogenous coagulant activity of
dextran and the co-coagulant pathway, and resulted in a
prolongation of the PT and a fibrinogen (FIB) concentration
decreased. The elongation of APTT of dextran treated by
enzymatic hydrolysis was almost the same as that of untreated
dextran solution. Therefore, it can be concluded that molecular
weight does not affect the endogenous coagulation pathway of
dextran. Ultrahigh pressure mainly affects the clotting activity of
dextran in exogenous and common pathways, and enzymatic
hydrolysis does not cause much change in the clotting activity of
dextran. When the two were synergized, the anticoagulant
activity of dextran was enhanced by 10.5% through the
exogenous coagulation pathway, which increased the
anticoagulant activity of dextran, while the FIB concentration
was reduced by 5.1%. Platelet aggregation rate decreased by
17.3% with the addition of dextran sodium chloride solution, and
platelet aggregation rate decreased by only 9.6% through
ultrahigh pressure and enzyme treatment, which effectively
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reduced the platelet inhibition rate of dextran.
KEY WORDS: dextran, ultrahigh pressure, enzymatic digestion,
coagulant activity, platelet aggregation
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B 1-1 Ak aE e, (a)a-(1—4), (b)a-(1—3) Al (c)a-(1—2).
Fig.1-1 Structural of dextran, (a)a-(1—4), (b)a-(1—3) and (c)a-(1—-2).
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F R AT XS W A 45 A e i T o0 1 B A R I AR T AN 22 i O R v
Fpr e — MR BB LUK O 7 A0 e M I D JEORE, 38 I A e R I I e o S
5 R A T R T g A AT IA B B> TR H B, BRENSE N E X AN
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JEFEEF 7> 78 20 B R LU 104~10° Da 40 ¥ &8 v BLAT & B 2 e 24k .
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Ty bR AE R WY BOAE 45 ik T 2% A ) R R A 22 B P IR Ok 58
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FEVEE BRI N AR T B A TR, R & TR
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BF, EREERELY 33.5%, X A7 e HE IR Ak A 7 SR AL T AT TS0 HE
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S R RO S R ZH, WE A R AR AR R, SRS
VEMAR AL, 25 RER W 22 e R AL B IR, K 3 2% 22 0 0 B0 A R R A
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Fr B R ORI A B B 2 B AR YIS PRI H
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321, A7 1A/ 73 3 (¥ A7 e A I5T RE 90 ] 1 /N ARCRT 20 40 I (1 2R 4R, AT B A
I PR R i 4, BE B IR IR A, OB SR 34 . Bosek P31 45 3E Id 25 SR AL 4
ML S A TERER 7> T RENRKR, KU T LM ERKTFELBRELS
AT A IEIR S S ARG, 3N 1Ok Sl AL g B I AR R A, iR T
A e B AF D i SRAR b 7 B R AR o NeuBHIS5 A FE A7 e A B
TRMAMPEREN LRI, 057 EA 200-500 kDa /247 GEHS 541 1
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fELT B SR A, ) ) A T Wl I X 20 4 i 58 4 140 52 ) 9 A 2 B o 43 1 B ) 1
pIATiTR: I i

T 5 0 % AT Tie B I A2 4 e il I 7 T B F — 2 AL E, W, XuBSI4AE
T8 30 A e BE B AE AR A SRR PR AR I, IRIE N 10 %I dex-40 IR ] LA
Whnerdan a2 &, BRAR I ORI T AR TE M o (R INE 6 AR R AL 1) A e
B B B 8 1L V5 PE A AH S 7T, DrozdBPSUHI ZeerlederBIZERF FL 1 R B, Hil
R A0 i@ A T S5 7 g L 3 e D 2 e i B R T A T I ) 4 1 R T A S R I
By, oy 2B, H AT R AR

1.5 fARBBRNEEX

T A I e R AR B S AR IE AR E N A T A
(B T A5 e 0 IR 9 AR 1 i R R, AR M R E 2 1
L AE F2 O SR PER VTR BE IR S T T . AR VR SCHIE AT H R SR R R v R A
A e RE B A T A e B T T KA A B A B R T K VAT R R R A
W T) Ak B A T T A I T A T W T IR S5 A B RS e, AR R B
T LT, DASR iy LT e i v 1 .

FI A FT-IR. HPLC. X-ray fT4f. SEM 5 R E F B 40 b oo 1 )5 A5 Jie
WEEF I RS0, CA R0 43 A o PR I 16 A T A I o T 44 A it i if 3 4 AN
AN N AR B AR B RE A, DR B AR AT e W I A D AR I 2% A P B 7= A 1 I A
F 3R (LB R AR A, RIBT o T BE MR K 0 T A TR FE T, 2 & 4 e BE I I & 5F
PR AL R S

ARSI IS bR P A Tk A T R I P K R e, R AR A B I
AT ANAR S AR TE ML I 40 AT, 49t R v R ARl A A T A I g L 3 M T
PERIMLE, AT DU R0 98 22 15 A Je W I I Bl s SR I BIPE L, UhEH 8 & Tk
RV A A 32 v A T W I 5 I 4 5 1) A 0 R I T A A
1.6 ARMIEFERNERFTARELE
1.6.1 AXWMEEASR

(1) 5T 38 w5 K 0 A7 e 0 IF B % 0 v v i Sz, 368 3o vy 2 T 9% 48 4k
e R T,

(2) 3@ X A7 e WE I B K R B R T, BRI B AR, R A e
A TE W I A 255D A il S A

(3 FFH L0 25 7 RAE I 77 W28 43 A & s B 5] 8 8 0 A Jie b
Tt 5% 1L 375 A R0 e i /)N B R 4 2R A R AL B

6
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1.6.2 EEFAREKLEL

A e I Ve I R B 2 i B 1-2 Pl

E R i R S R AT ST IS A e

—.—# ———T“""—*——
FEEEME T Ak GRCIERT AR L 285
] __J aE
T R R
1- ¥ AR
ghIEaEtE) aHERED frig Bl R AR
1 [ 1 gl
LRI IS tres st j s TR
LSRN P et S B ot iR SR ST
BB EERENRTE [ 17
?—
R R
] EEE N E SR
St HIERE AR
¥ ¥ ; k'
wges | | menoman | pevtten| [ees) (mesn) [nosss

B 1-2 A7 w5 SO ) AR B 2k

Fig.1-2 Technical roadmap of dextran modification
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F2E BEEMNEARER AIINURLEE T ZHR

2.1 5|8

RILKERIER EEA—MEY, BT HLEEY 7, ©n UEF K+
5 BRI ], RERS A AR A LR W IR & TR, 87K 7 A 23 A0 Wi sk
N B 2, T A 0 oest i 258 s 08 4 e bl IFAE e PR b AR
Mm%, HAERSMKBELE. #inisE. SCERNBMEARSEER. £
B TEARBER (dex-70) , K70 TEAEMHEE (dex-40) Fl/Npy T
HERERT (dex-10) BV AN[R] 43 5 () A e W I 4 25 0 JEE A9 2% I 18] 2
HZER, o TEERK, Ry AmERL, §AENEBK, dex-70 R T T
BRAMKEAMER, AN 24 NN ESA, 6% K04 eI 42 3 5K
VR 500 ml ] 8 b0 If 25 B 450~500 ml, {HEEH AN Bl KR, 7580kt
I B AE K L IR B R R PR AR AR AN R M o 38 I R AR i s AL B ) T SOt
A7 e WE B VA W3 AT A B, DL AL 4 i I B TR CAPTT) o % I g 5 i
[H] (PT) . &tMEERSE] (TT) AR EAR (FIB) KAWL AIER,
TR T 15 X A T W T i 3 12 1 52 0

2.2 I E S5Hk
2.2.1 #ELFRF
WRIG AT 75 AR AR R 2-1 FTos s

R 2-1 W56 T 7 AR AT

Tab.2-1 The materials and reagents of experiment

B i ali Ji B 77 Hh
A e i I -70 500 g ATAYTRE (B GRAF
ToK B 500 mL R A T L Ak 53 7 A R A A
A 500 g JC 85 T W B A T AT BR A ]
FIB 71 & 6*2 mL Jom e R A AR R A A IR A #
APTT 7 & 6*2 mL AR FER A FE RO A IR A 7
PT &5 & 6*4 mL Jb 5 e R A AR R A A IR A F

TT Wi & 6*4 mL Ab 5 R ALY (8 R BB A AT BR 2 7
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2.2.2 WEMNEE

IG P 75 WA AR WIER 2-2 FTos .
22 IR E W& 58

Tab.2-2 The equipment and instruments of experiment

W% B 2 44 s CI I
ji e I B % HPP.L1-600/3 KBRS LS THERRGRAA
N JB/7534 MR- LR 2 A8 (Rl AIRAFA
1 73 0 #5435 78-1 LRI A R A
FA A EAL VS5400 ARSETIT A /K L 2 A B A+
FLAE A UR T 1AL LC-10N-50A g TR VA B A IR A
G 550 AL SC-3616 ZRUP R ER A A R A A
4 H 3k L4 BT AL SF8200 Je 5 e LA AR A IR A W
B DHG-9030A g —E R A AR A TR A 7

2.3 R HE

PLAPTT. TT. PT A1 FIB 1H #0284k 25 82 Bt I vl 4 1 d8 bR, B A
G Ab 3 R 7. A TSR] AT A 3 VR BN A BE B T AL B ) 70 I 9 A ) R
A FE S A KT, 35 Box-Behnken M M [ 1 H R, i E
EEAAE T 2.

231 BEEABIZRE

| anennt p{ Aoam plEsEeE b zmsn pUEF. s plakea pl g6 |

2.3.2 AIEREETKARAGH &

FREX 10 g R A BE Bl IF [ AR8) A,  In N AR PR R K VA VREC & R FE A
100 mg/ml ()45 i B8 IF AL BN W, E R FHE 24 h Ja, EAWEEER LG
A4S, BT LIS

233 BRZRE

e T X SO A T B T B R AL P A TZE B R R AT, 8
ORI RO =R T = BN LTINS RNy a P OB Z R G O ap AL g =
P PR R e LA
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2.3.3.1 i vy s Ak B IS TA] PR 5 i

B _F R KW RN = R R AR R, 7R 25+£2°C, 350 MPa, & 114K,
B LN 1:10 &4, WFAAFAAEERE (10 min, 20 min. 30 min.
40 min A1 50 min) S} A3 e B LA PE I S2 0, L APTT. PT. TT. FIB
1) A8 Ak, 2 W) A
2.3.3.2 v R AT 7 5 e

IR AKE RN B SRS, 16 25+2°C, HELBEE, ik
1k, BHREN 1: 10 KR4 T, AR AFLE L) (250 MPa. 300 MPa.
350 MPa. 400 MPa. 450 MPa) X747 Jie B IF & if 7% 14 1 52, LA APTT.
PT. TT. FIB [JAZ 4L i 37 {H
2.3.3.3 S R A BN R E 5

W R AKERRN B m R, £ 25+2°C, SELAEPE, &E
WISy, BRREEN 1:10 &M, RSB RS hHE 1R, 4
2R AbEE 3R, ARER 4 k. ACFER S RO XA NERE B IV M r e, DA
APTT. PT. TT. FIB 384k Ay N AH .

2.3.4 Mo ik e

Nt — SRR S 5, FEARKE R AR E, © & E AL
HE RN (A AbEERFE] (B) AAEHEIRE (C) =ANKRENTERR,
X H Box-Benhnken (BBD) & it #, PL&kIM Py APTT. PT. TT
FIB 11284k Jymi N A& , % B Design- Expert.V8.0.6.1 ¥ {347 3 Bl & 3 /K
ST B TR A R B, A R R R O RO A e A I A g 3 e B A AL T2
AR =R 745 5, R BBD B it kit ik, RBKEyS

K LR 2-3,
R 2-3 M B [ A 2 ARG R B T

Tab.2-3 Response surface factors and horizontal experimental design

‘ 9 K 7
W56 R = I 1
-1 0 1
R /) MPa A 350 400 450
A FE S (8] min B 10 20 30
AL ER IR ¢ C 2 3 4

2.3.5 AREHEET YA S UEE I E 1 B9 E

DR ML, CREFT B AL CBR SE A AR L, R R R E AR, ik
MR RS AR 5 3.2 %IirERMZ 9:1 WPIREGH Y. £=

10
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UL 3000 rpm &0 5 min, B BT, 4°CHRIBIRAE . BUG IE R I A4 3
RV, B R I IR AN A e B I AL N A R IR 401 AR AR L AT IR S
BI51, SR dEAT AR SN T B IV 1 () A AR
2.3.5.1 APTT {1l 5E

S0 uL feAE (20 S MR FRA RO NI F, FE A
50 uL BCHil%F ) APTT 357 24, TR 88 20 5 7E 37 °C Tl X v i 3%
B 180 s, ARJFMAHMA 37°CH CaCl ¥, [FIEF XA IR R
2.3.5.2 PT Wyl &E

B 50 pL REDUARE & (2885 iR fvR AW Bl B2k in N 2014
T 37°CTR X H fi# 180 s, W TR 5 37°C PT i5f 100 pL oA 2| ik
TR A, R E FHAAR e S 45 2R
2.3.5.3 TT K 5E

HU 100 pL fFIFE G (2055 iR IR A 0D St 2k o0 N 210903 AR
H, T 37TCHRX Hfidh 180 s, R EM) 37°C TT X7 100 uL A Z|
RN R, R AR T S 4
2.3.5.4 FIB [yl &

HU 100 pL FFOFE G (2085 % 00IR A 0D St 2k o0 N 210903 AR
i, T 37CHURX AT 180 s, K FIB 7 (=D AR F, [FH
I A B Shill il f # 5 FIB & &

2.3.6 BUEAIE

FrE R EHE 10 Ik#:1F, Design- Expert.V8.0.6.1 %4443 Hr i 5
G 45 R, IBM SPSS Statistics 25.0 B AR 3E AT F bR Z F ANOVA 43 #7,
FHECXTFEAS T G50 3 AT SEIG AT IS 36 )5 22 57 W 3 P40 M. Origin 2021 B
TE .

24 BIES T
24.1 BEEZRRAEER
2.4.1.1 JE B J 8 e i DY 55 ) 5 i

e T AL B E 3% PT BISE M A 18] 2-1 fios . S SCIR T A b, 72 A IH]
HOSLREIE ) S8 Jn . PT 3T & (P<0.05). XFEATREZ, 15 )
MR T AT SE A . S IRAERAT ST EE, BEE TR TR N, PT 3 0 B 1]
U0 B R TR IR T Uk 55 I R B, AR TE 400 MPa i), PT 3 hnfE 2 Bl i
KN 2.4 s. IXFE AT AR A (R & s 77 % A5 T b T 25 R (P 52 e AN ) o 12T

11
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FEUL T, s T A B AT A I SO A e I R S5 A A PT A

20 3
A R
[ R N oy
16 | p— 14175
13.86 : 13.9 13.82
13.41 —
12.9 15— g L —E—
12.55F 12.83 1223 12,33 12.75 2F
12 =
=2
C B
= =
& =
8 iy
] -
4,
O 1 1 1 1 1 1
OMPA  250MPA  300MPA  350MPA  400MPA  450MPA OMPA  250MPA  300MPA  350MPA  400MPA  450MPA

Bl 2-1 i o FE AL B 3% PT f 52
Fig.2-1 The Effect of UHP treatment pressure on PT. The data are presented as
mean * SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate

50 10
A G e B
[ e Ny
8 -
40r S 36.34!5 " 37:[39
33.98 1 Bod 4 pan g7 M2kne 3D
i I 6|
L s a
- 30 %ﬁ 1
: £
= "
20 H e
2 -
b
b
10 b
ol b

2

~ L )\ L 1 L .
OMPA  250MPA  300MPA  350MPA  400MPA  450MPA OMPA  250MPA - 300MPA  350MPA  400MPA  450MPA

significant difference (P < 0.05)

K 2-2 Hm AL B R S %) APTT 820
Fig.2-2 The Effect of UHP treatment pressure on APTT. The data are presented as
mean * SD (n = 10) and evaluated by one-way ANOVA.* in superscript donate
significant difference (P < 0.05)

wE 2-2 P, 555 aiHt, JEAEAHA 300 MPa 525 5 APTT 3
BETHE (P<0.05). APTT KM EF/ B AL, ££ 300 MPa I 25 R
BEMILAI &5 5, SRS a1 3.41 s, {HEGEINA e bEEF APTT K (1)
4.19 s FA B, ALAME %M T, APTT BRI E-FE RIRE,
BIMELE 0 s ERWE, JUF5 A G0 e s B SR IR 3 — B &5

12
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25 6
[ B e a

201

FEAL AL
Ees

2 1 1 1 1 1 1
OMPA  250MPA  300MPA  350MPA  400MPA  450MPA OMPA  250MPA  300MPA  350MPA  400MPA  450MPA

2-3 R AL S 3% TT # 2 0

Fig.2-3 The Effect of UHP treatment pressure on TT. The data are presented as
mean = SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

A  Z ) : . B
[ ey el
0.8
w06
t)
=
Hoal
02+
0.0 ; ; i i ; i
OMPA  250MPA  300MPA  350MPA  400MPA  450MPA OMPA  250MPA  300MPA  350MPA  400MPA  450MPA

2-4 e AL FE % FIB [ 5200
Fig.2-4 The Effect of UHP treatment pressure on FIB. The data are presented as
mean = SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

M R AR S8 TT AL & 2-3 o, H5Seibmisitt, 78R
AL EE R F3 R SE36 )G TT 358 2 B (P<0.05). BEE A EhEEFdm, TT
BIR A K, X2 BT e RS A I R AL B O R AR I T Ca?t, Ca?t
ATDL SR TT 4650 . 8w R AL 2% 6 FIB (3 % AL in i 2-4 FoR,
Hszug i A tL, 7EJFEFE. 250 MPa. 350 MPa. 400 MPa 1 450 MPa %14
T, SEESJS FIB A B3 AR BEE K B3 n, WS MME/E 0.3 g/L
ENES), BTREMRS, (BN TREESELCEKES, F5FHE
(RS o BT DO & IR AL B R /3% 400 MPa.

13
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2.4.1.2 Kb FE I a] S e I DY I [ 5 i

20 3.0
A G e B
[ B N a
25
5 1458 14.72 14.70
L 13.86 13.89 Bk
12910F 13.01 & g 13.01 -
12,25 1256 1269 3 ol
= ;415 15+
> T
b 10 =
=~ & 10}
5 0.5
0.0 F
o 05 L L L | L 1
Omin 10min 20min 30min 40min 50min Omin 10min 20min 30min 40min S50min

Pl 2-5 v Hs Ak BB (8]0 PT R 5% 5
Fig.2-5 The Effect of UHP treatment time on PT. The data are presented as mean =+
SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate significant
difference (P < 0.05)

R AL BRI R XS PT M A N & 2-5 o, SS2iemi ML, ASE
fo T AL BRI R] 3 B2 N SE S S5 PT fH . BEAG ACFEESE 0, PT {H 23
Sk 5 W R RS, H AP LE 20 min B PT MER N T 2.34 s, 30 min
PT W{EIG N T 2.16 s, 40 min IfF PT MENE N T 2.01 s, PT KA =4
B 1) B 5040 % G AR A B K

o v R AR B A6 APTT M2 an i 2-6 Fion, HSEiGaisHbl, JRAE
AR & R AL 40 min ¥R E ML 5 APTT {H (P<0.05). A7 Jig #E it 7&
BA G ELER, APTTHIEM T 4.19 s, fidH S EAE 5 APTT
(1) %E K AB BE 3 B (R AR AL AN 4.19 s B4, &R 0s B Nsh. XR
W b6 & AL B [A] ) G, APTT A5 22 AL WU Z s/, 7281 10 min J5,
APTT WA AR A K K221

50 F
A o B
[ R R i) sl
40 F AT 37533812 -
ol i 15.7335.81 35‘0636-42 Sr
R 32403340
] 4+
= 30 =2 .1
7 H
= E b
= 20 =21 b b
b
1F b
10} or
gt
{0 55 L L
Omin 10min 20min 30min 40min S50min Omin 10min 20min 30min 40min S50min

Kl 2-6 i s Ak FELIN ()65 APTT (¥ 820
Fig.2-6 The Effect of UHP treatment time on APTT. The data are presented as mean

+ SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)
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25 7
[ B e a

FEAL AL

3

Omin 10min 20min 30min 40min S50min UITI'I'iT'\ ][]1211#1 2U|I1"|iﬂ 3[]1:1in 401"11{71 5(]7‘11in
P 2-7 8 TR AL BRI ()6 TT [ 520
Fig.2-7 The Effect of UHP treatment time on TT. The data are presented as mean =&

SD (n = 10) and evaluated by one-way ANOVA. * in superscriptdonate significant
difference (P < 0.05)

v IS AL BN R TT RIS & 2-7 B, SSEIGRTA L, AR
v T Ak T N ) 2y SR 3 PR SR IR S TT . TT MMM 15.87 s IR E 11.91 s,
KA S R 2 J5, KIH 2B, BFIEAE 4.8 s LT3,
HIEIR & TT B % B AT SC, SRk 5 A e B =2 B 78 Ab 3 1 3 i
WY CaCla VAW, Ca2 W LLSEL TT 1 1 FEA% . T DA St £ 1 Ak BRI 8] 2y

20min.

[0 ot A e

0.0 -

b ka2
¢

08 -

Omin 10min 20min 30min 40min 50min (Jn‘n'n 1 O;nin ZOrI'nin 3[]1Im'n 40|I11in 50;11'11
] 2-8 i s A EEL N ] X FIB (1 5% 1
Fig.2-8 The Effect of UHP treatment time on FIB. The data are presented as mean
+ SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

e 1 R A BN ()6 FIB B2 M an ] 2-8 firos, SScIRmiAH b, JRAFE.
R AL TR 20 min. 30 min « 40 min A1 50 min ¥ & # BFILS2 5 5 FIB 4
(P<0.05). FIB FJIKE®R N T 0.17 g/L, &L E LA 5 FIB AWK EHE
M 0.47 g/L Bt 5 Ab BB [B] O 3G 0, R WTBE(RZE 0.1 ¢/L E R i3, FIB 1

15
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ZH 1) A AN BE A AL BRI R ) KR T RS R, R A £k e R A, FIB
WA A 22 R R AOR, (H A e T AL B [A) A SEAC, 1% 22 S 1)
2.4.1.3 Kb B YR Ok it DY 1501 52

e TR AL ER A PT M sgma an i 2-9 Fron, S5SEienisabe, JEAE.
R AL 3 k. 4 RS RIS BN 5 PTH. BRI N T
AR RE S 2152 0, BEE AL BRI I 0, PT WY IS INAE 26 2 RN =
0.24 s /i, BEEAA/DEEZRIE M, A4 3 XA R T, bEEEK
MREEAE 1.1 s B RIEh, AR IR BONFE PR .

20

25
G WA i RS .
20k
13.86 . 1449 )
Zogigy 1309228 1512350 12‘2;?84 — |2,45ui47 L5} @ a
e =R a . h
=10 20
£
051 b b
0ot

05 1 1 1 . 1 .
IMHEOHC Mk 2@ I3 4 ISk RO A ImH2EC MRS k4 NSk

frequency
P 2-9 e R A BRIREOE PT RS20
Fig.2-9 The Effect of the number of UHP treatments on PT. The data are presented
as mean = SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

frequency

APTT(s)

50 10
A b A e g B
I 4 5 i R i)
3761 &
wr 374 36.93 36.58
33.63 3578 4y 403481 34451 3491 T
=] 204389 6
30 | iR @
%4
s &
=
20 H #*
2
10 0
L

1 1 1 1 1 1
MEoR LR WE2R S WE3R S WESR ESEK MEHE  MELE WE2R WER 4R DESK

Bl 2-10 i o A B KO APTT (K520
Fig.2-10 The Effect of the number of UHP treatments on APTT. The data are
presented as mean = SD (n = 10) and evaluated by one-way ANOVA. * in
superscript donate significant difference (P < 0.05)
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25 6
[ [Ree o)y

20

R =E s
E-s

0 2 1 1 1 1 1 1
MEoR LR WE2R S WE3R S WESR ESEK MEHE  MELE WE2R WER 4R DESK

Bl 2-11 i e FRAG R BN TT 1 5%
Fig.2-11 The Effect of the number of UHP treatments on TT. The data are presented
as mean = SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

_ B
a T
0.8 -
319
298 3.05
ﬂ..(lﬁ*
iﬂ
=1
Hoa
0.2+
n OAO L L L 1 1 1
RO InMs1dk nik2dk niE3d& sk IniksdE ML ek dnle2dk i3 Inik4dk Inlksi

P 2-12 B i s Ak B IR EO FIB A 52
Fig.2-12 The Effect of the number of UHP treatments on FIB. The data are
presented as mean £ SD (n = 3) and evaluated by one-way ANOVA. * in
superscript donate significant difference (P < 0.05)

i AL B R B APTT A8k an i 2-10 frow, H5SEiGard b, JR
FEL B R AR 3 R 4 IR B EWINSER G APTT H, HEEAR 1K
BE RIS APTT {8 (P<0.05). AL {EEALEE 1 IR R BE, M
3.98 s #ifiE-1.46 s, FEEABRBWIG N, 2GSRI &S, £
3 KA IE B TUE (P<0.05), FHEHFRERE 1.67 s 4.

R R A B EOM TT MR A 2-11 FroR, SsCiGaiAHbl, JEFE
FUAS [ 8 1y F R 38 2 2 PR AR SE 3R 5 TT . BARREFAHX RS 8, BE A UK
Ao R A RO FIB AR E W 2-12 fros, S50 aisatl, JEFE
FIA 5] o JE R B0 B 35 PR AR S 06 5 FIB . M S BT 1 ks, B
— X B R FEAR (P<0.05), MIKRFZEFRFILIEMM 0.47 g/L F¥E R 0.15 g/L. B
AL F B3 N, I AR I A e I S A5 X FIB A AR A0 A R K

17
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XA, BFMHESTREEFRES, IREMEE 0.28 g/L L FHs), XKL RN
B 5 ML op FIB ¥ P A A 5 el o A8 v JE O AR BRI, 1B BT/ o Bk AT
G, EERAIEIREAE 3 IRER .

2.4.2 g EIRIE L5 R

R 2-4 Wi i B K A R

Tab.2-4 Response surface test and results

E oA a7 A o
WHLTE f7 A/MPa  ALFERT[A] B /min  ARFEIREL C /e M NIRRT IAE] Y/s
1 400 20 3 1.64
2 400 30 2 1.37
3 400 30 4 0.79
4 350 20 2 1.05
5 450 20 2 0.95
6 400 10 4 1.37
7 400 20 3 1.65
8 450 20 4 1.20
9 400 20 3 1.63
10 350 30 3 0.71
11 400 20 3 1.60
12 450 10 3 0.76
13 450 10 2 0.72
14 400 20 3 1.65
15 350 20 4 1.07
16 450 30 3 0.76
17 350 10 3 0.63

2.4.2.1 A B i AR A R 45 R

P PR R A0 P DAL S 3, 8 F 0 A e B T 8 0t v P 1 5 i 32 A
PLE PT 4846 b, XFF APTT. TT PLK FIB AL MIAE X fe s — A, 1E
G IR b, PT B4k Mt 3s 2 HI W e A 7 5, T APTT F A Ak 8 ik %
HEfE 10s DL EA A€ NRE, A% PT WARNELE 2s BT ES,
M APTT FIB 4k i K R ZTE 6s A A VF 3, B LATE 3E 47 mi o2 Th B 56 B, DA
PT 1E Ay B AE K347 73 47 o
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N — PR S, 7R R R B AL -, R Box-Bekeken
(BBD) Wil i, G & EAHEE KN (A« EE A (B) Fflkk
HIRE (C) =AHE, LLPT N, NH Design-Expert.V8.0.6.1 &
PEEEAT 3 TR 3 AKSP i B TR A SR 56, 8 7 v e % 50 A T R T 5 I
WA T2, e N AR ARG T R AN R R 2-4 Fios.
2.4.2.2 AR A K 7 2 50 #T

XP R 2-4 FARFEATEVAME, SBILL PT v BE I R 2 TR E
F£: Y=1.63+0.026A+0.019B-0.01-43C-0.02AB+0.058 AC-0.31BC-0.46A2-

0.46B2-0.11C? A 2-1
# 2-5 AR J7 2 oy BT R
Tab.2-5 Regression model ANOVA table
J7 72 K5 SF- 7 Al H HE %177 F 1 Pr>F
f5i Y 2.4 9 0.27 195.72  <0.0001
A AR ) 5.513%10°3 1 5.513%10°3 4.04 0.0843
B Ak H i ] 2.813%10°3 1 2.813*%1073 2.06 0.1941
C AR H 0.014 1 0.014 10.60 0.0140
AB 1.6%10-3 1 1.6%10°3 1.17 0.3146
AC 0.013 1 0.013 9.70 0.0170
BC 0.38 1 0.38 277.38  <0.0001
A? 0.88 1 0.88 644.90  <0.0001
B2 0.90 1 0.90 659.09  <<0.0001
C2 0.05 1 0.050 37.02 0.0005
W% 9.545%10°3 7 1.36%10°3
AU I 7.825%10°3 3 2.608*10°3 6.07 0.0571
afiiR % 1.72%103 4 4.3%1073
il 2.41 16
R2=0.996, R2Aqj=0.991, L HF RZ% C.V.%=3.21
E: P<0.0001, mELFH, P<0.05, &3F; P>0.05, RE¥.
XT3 & 7 BB R AT J7 Z 50 Hr, S5 R B 2-5 ArA, (el 940 S B

A p<0.0001, MAEMBEEEEE; KU P=0.0571>0.05, ZRAEE,
TR RS BRI SR SAEEE R R2A 0.996, R2agj
0991, LABIAEEE B 99. 1% M RifE, LR REHN 3.21%, KX
RS AT FE R o AN TED YA 7 1 O 2 MR AR 30 W e, = A IR 300 A T i I o
I g J5R IS TR B s M A2 B2 R : C>A> B
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LT RE R A 22 61 5

2.4.2.3 W 1 % PR 2 2 HL AR 40

B: 4T ()

Pl 2-13 v s AR B 2% 1R S ELAR X PT RS2
Fig.2-13 Effect of UHP treatment condition interaction on PT

T N T 73 B e, NS T R E R T % AL X M A P R R
F, FEANEREERUS RO EZENE, BEERUERR
X W A ) 5 Wi K40 AN 2-13 Hn] DA HY, A BRI E) RN Ak B R 77 R
= ol o P B, A 2 AR O R T, I Ak B T ) R Ak BRI ] 2 1]
K152 AR RS i A B e 77 45 Ak B Ok B B Ak B IS ] 5 A B O B 2 ) R AR
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BAE—EMZHAAER, BAERAZRMNMAE. oTRETZHHRE S, F
R b 7 A0 Kb B[R] 2 (8] %) 22 ELAE B R A RERE T PT (B 5 e B B
2.4.2.4 i N T AR A A 56 I B

AR )97 T ST A 45 R, AR IR S O b HE T J1 0N 402.63 MPa, Ab#E
IS A] A 19.06 min, AbFERECHN 3.34 R, TEiZ %M T A e B PT /)5
M e K, ZEH 1.64 s 5 8 B E0 (19 7T AT PEXT & A b 21 2 B AT IR AL
AbEEE J3 RN 400 MPa, ACFEF(E] 19 min, AR ECH 3 REHHT 10
UCPATIRAE, 192045 JefE B Xt PT M2 & 1.71 s. BB PR fEd f2
B MBAFAE— 25, MRS R 50L& B0 8 T AR 823 .

2.5 RE N

AR 56 S I R A R A e E AV, X AR ER TS, A e A I
FACEAVE AR S P M E YR 2, DA DU T8 AR N 225, SLAE & T
AEER T2, e RIS A B, 15 s AR T & .

B “PRAT A UL R SE RS R ) L, B R IRAEIE R
IV H P g AL BRL 7 DA VR SAF AR, SO —EE i R TR S
A VR 22 Bt R 1 4 — 08 B IRT S JE O, AR TR AR AR A R B AR AL
VER I —Fh B UE o 22 BILIR) “ VR AT 57 Ul 7 WA g B I i A% S — 26 3 ifn, R - A 2R
B AR S T L 2, 38 43 D PR M R I I AR L A IR A A AR RN I [ g
BARMT, APTT 5 S W () 2 Py U5 M ek I 28 6 IR oL, 2 35 It o 3k 1 1)
T AE T A 43 4 I B 00 4 PR R R L R IT S B IR (R (42 430, PT 2 4R I
Y Hp R I 5 A D S I (0 B[R] T4 45T, R R R — MK R E, BEAE
A AR T B B A O B L, AT (R VR T, 2 S R AR R T R I R St
RO TT 3 E IR ) 2 2 4 85 1 5 3% A R 2 48 85 A (I ] 1461, FIB &% &
W58 2 OB B T R EE A A g E O i g4 Ea, TTH
FIB (14 20 B 5L A A ], O B A0 Je A 41 4 25 1 SR e [, v 3 20 A 3 )
B IR 1%

Wk R RIS R I, R A B A e B B A AR B i T P 1 5
42 B I AR R LS AR e R, Sl AR fE, APTT (1934 0
BN, 4K 4T 350 MPa if, APTT A8 {ki#&ir F% . TT M FIB Hi
J& A Ak 22 S5 AR B A B TE) RN R g 00 38 0 i 2 A /N, U2 FIB AR A,
1 250 MPa iy, BAEBEE R 1.0 g/L £ 4. kWi PT WA
1 IR —FEf %, 76K /7 400 MPa i, IS A 4 20 min %] 40min I,
PT WAL A B B i i, A5 3 s MIARAL . X Eb R &8 & 16 A P 1 A i
B I 8 1f DU T i A IR TS 22 e 0T DU, A e B S ANV MR DAE — 8
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R b S B T e R g, (H 2 e T A B S (0 AT e T S A B v
G ML 1 A A T T PRI o (R AE AN IR VR I R 4 b, IR 2 S AN S Rl B
WU B PT AT g o7 T R 06 R e AR, R 0B Ry IR X PT R AR AL 1 DL R 20
i N s, A B TR R R A B T, B4R K F7 400 Mpa.

ALPRITA] 19 min, ACFXECN 3 k. @SRRI, 5 HE BT A [ .
e B S bR TF A a5 S bR (R A AR, RS e AR B RS LAl A% A L
ERIRCR . RERESEE L, RIE JEEE A Se9a (AL HE 1 K.

AT R LA e W R 9 A SR A TN, A7 AR A L, X
UK 22 S R AR Wk L g T, 8 O AU A T S A6 A B, R B T HE I R DL g
UGk I T B P iy, 8 T AT AR T 3 AT ey T A B I R SO A T R T £ e I
Peo AR, [3 7 A8 E S B A BERER N T, EX T
T o 38 I AT A 5 A T A e R I AR e I 3 E R R BEAT R . AW UK
7t vy T R A R R I FR A LB RO A T T 48— B IR R
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B3 E AEEATEKRIZMR

3.1 515

7 JVE W BT o 0 o A AT BE WK 4 AT, EE R Bla-1,6 BB IE R,
SCHa-1,24 a-1,3+ a-1,4 BT BEERE M L. T &0 £ B SO 2 R,
FEERT R G K MBI B REN 2. BREN RS
BEVF 2 B A [ Re S v AN AR O 20 R 25 K A I dn N 7] i 5RO I AN A U0
RPERGEW . AR T B AR LAEHA BB RN ZERE, EEN,
KT 204G VENE B CiEp BRI, . K5 FELRBEE (dex-
70 dex-40. dex-10) AIUAMEAMAEY RAY), FAifRmMKREZEE,
S8 T if e s B R A R AL VR o TR IR R DE B R R AR AN,
Het i 2 50 T8 K/ANA %, dex-70 i JRIGAE 1 h WA LLHEHE 30 %,{H
dex-10 7£ 1 h AT LLHEH 70 %.

A e A B R LA R R AR . A EE LUK BEBE BT 4 TR KN N
Wrdedn, Ik A e N I AT B K AR, LR RIBE MR AR, A e I 4y
TRARE IR, T E AR B K M T2

3.2 R 5
3.2.1 #r#EFnst 7

I BT 75 M RLRR A 2R 3-1 B .
& 3-1 W58 A 75 AR A

Tab.3-1 The materials and reagents of experiment

& U 7 Hy
i e W I — R A R R VL 95 R
A Jie B BE-70 500 g ATAEY TR R BERA A
+ AR A 500 g R A S AR B PR A
R — A4 500 g R 3 b T PR
6 7K T T2 Y 500 g FAETIC AU TR A BR A ]
BRM 120 g 1 R 3P S R A PR A
3,5- R LK 25 ¢ I EERRREARA A
EEial 500 g R TTIC AL TR A R A
K 500 g e T Rk AL 2 R 7 R 2 )
T A 0 500 g F BTG TR R A
T 7K L i I 500 g [ 24 4 [ b 2 350 A R 28
kL 500 g e TRk AL 2 7 R 24
R 500 mL [ 24 45 P 2 3k ) R 24
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3.2.2 B FNE

3% P 7 B AR AR AR 3-2 o
*® 3-2 P W& 5 1

Tab.3-2 The equipment and instruments of experiment

&R E A 5 AR K
B R R I 0 ARG 4 AR DF-101T Br 2B BB R A W
T 3 4% 1260 A (o S R N RN
EA AT 0 B UV-1900 By EAcas (IR A IR A

3.3 A
3.3.1 imimHHl &

3.3.1.1 A i@ a7 R ) T

PRI — 7€ & 07 B I [ AR oK, NN 25 B8 1 /K ic B R ] 7 R
A TERERTIA, ERFE 2405, BAROHEERE, BHHEGFULH.
3.3.1.2 TR 2% P 1 T i)

AV 0.2 M BEIR — SN KB, FREL NaH2PO4 « H2O B oK 27.6 g,
BT EZE /KT, WEFERSE 1000 mL.

Bi: 0.2 M BERZE —4N/KIE W, PRI NaaHPO4 « 7H20 F1 oK 53.6 g,
BT EE KT, MBEIFERSE 1000 mL.

ANF pH B RR 2 PP : IONIE 41 A VAT B i, A1 pH 3K453.
3.3.1.3 DNS {57 7 B )

2 mol/L & ALAN: FREL 40.0 g A E R B R, BEEAEDEZE
ToKH, BBEE 500 mL AT, @HFEE.

DNS 5 AL ) . BREC 3,5- ZHAH 3L KR 6.3 g, & HL 2 mol/L &%
b4 262 mL, —&INAZE 500 mL &4 182 g ¥ A BR 14N I K+
PG R 2 A 5, B b 5.0 g KMy AT 5.0 g /KRR BR AN, #idk
VR, A HEEIMKEZRF 1000 mL, BIH]EE DNS BA), A% € i
BE—RE&H.

3.3.2 ALEEETERER AN E 77 0A

K F DNS VLI € A4 e b i B B 7S 70, AR 1) 149158 N 7 ik n Uz k.
3.3.2.1 bR th &2 i) il 4

Bl B 1 mg/mL B % BEAR HEWE W, 70 A & HL 0.1 mL. 0.3 mL. 0.5
mL. 0.7 mL. 0.9 mL, HM4i/K%5% 1 mL, I 2 mL DNS %, ¥
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K 5 min, REHKBEE, FBAKERZE 10 mL, 7E 540 nm [z
WO B DA &) B VR BE N AR bR, DA AR RO B, 4 | R 2 B A Vb
fih 25 .

3.3.2.2 Pyl g

B g 2 SL: R DNS 7%, 78 50CF, M8y (dex-70) K
fif = A2 1 pmol i& JEBE B 75 IBEE &= 1 ANEEIE AL, DL U ROR

P B — € pH M2 ioE LM RS, B 0.5 mL B A 2
0.5 mL 10 mg/mL ] dex-70 &+, 50°CJ M 10 min, JOA 2 ml DNS %
bR B, WKH 5 min B, RERKBAHNEER, 4% 10 mL;

T HX KA 0.5 mL 10 mg/mL 1 dex-70 ¥, 50°C &N 10 min,
JeJa M 2 mL DNS #1 0.5 mL W B, ®AZE 10 mL. LLEE FKAX
BRI E 540 nm A IR JEAE, FE &S 2 B IR ROG A 2 Z AR 3 B )E O 7R
T s N R R AR R, AT B B . SRR S I AR AT

3.3.3 BgKBA Y S FEaHh

HU 10 mg/mL [ dex-70 £ Wi 40 mL, I AERR IR, £
50 CRMEAH RN, RN 2 h JE B4k S INBE L, 1R& 2 /N B 4k 42 A\ il
Wo HJRMHEAT 6 h, 18 h 23 HIHUFE 3 mL, #/K¥ 5 min Ki&, A HLPC
Ay TR IR

3.3.4 AIEHEETERRR T Z R

3.3.4.1 AN R SLUR XS A5 T bl T 43 5 A8 A0 1) 52

HY FH 7 sl AH 2 1) 5 10 mg/mL ) dex-70 ¥ 40 mL TR,
pH=5.0, EARFEE (45°C. 50°C. 55C. 60°C. 65C) Kttt {fiE
10 min, A0 1 mL 45 e 6% BFEG VR, BRI AN 10 U/mL, (E7KIE B Je
50 min, HUEELEWEE KW KWE 5 min, KEEBAER 0.22 pm /K Rid JE ki
¥, KF HPLC &l 7= .
3.3.4.2 ANE pH XJ A Jie bl B 53 1 5278 A0 1 52

B R 3h A BC 1) % 10 mg/mL 1) dex-70 %W 40 mL FRe#r b, 5
ANE pH (pH=4. pH=4.5. pH=5. pH=5.5. pH=6) , 7& & & N i JE i}
KB ORI 10 min, AU | mL 45 B b5 BF B, BEWREE N 10 U/mL, 1E
KA N 50 min, EUREAE B K H K& 5 min, KRB 0.22 um /K
ALuESk, KA HPLC B &,
3.3.4.3 AN PR B %) A7 T b T 43 - A8 A0 0 5 i

HYF 9 2 45 BE 1 AN R B2 (10 mg/mL. 20 mg/mL+ 30 mg/ml. 40
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mg/mL. 50 mg/mL) [ dex-70 & 40 mL T-Hedrh, 15 2 & pH 1H,
E 55 A SN TR R K W B AR I 10 min, 0N 1 mL A4 ekl AT B, BEK
JE5 10 U/mL, {E/KBH# T RN 50 min, HUEELEWE/KIG HKE 5 min, 7K
RS 0.22 pm K R PEk, KA HPLC il Hor 1 &
3.3.4.4 /A [E] il A< FE 0 A e b I 4 1 & AR A R B2 TR

EF 978 50 A T o) o A A S W R B 1) dex-70 ¥ 40 mL FRede R, i
WE A pH H, 7R RN IR B KR AR IR 10 min, IO 1 mL 45
JE R I B, BRIKRFEON 10 U/mL, 7E/K¥8A M 50 min, HUREZE 6 K i
HUKE S min, KERGE 0.22 pm K Rk, KA HPLC &l H 7 7 &
3.3.4.5 AR 5 T 70 A e B I 23 1 5 A8 A 1 5 i

HFH i 20 A T i) R B FE R P09 BE B A e BE F (dex-10. dex-20. dex-
40, dex-70) VA 40 mL FRerrf, A EE4E pH H, 74 NIEE
K AR IR 10 min, IO 1 mL 45 e b8 BF B, BEIREEAN 10 U/mL,
FEK B I N 50 min, BUFE S WK K& 5 min, KFEHRIE 0.22 pm
KA EL, KA HPLC &l 7 &.
3.3.4.6 A~ (7] i i B B0 A e B I 29 7R A R 5

W 9L 30 AH T M) s A A IS 0 9 B 1) A T B IF dex-70 9 40 mL T k%
Mo, R B pH fE,  7E F R OO B B K B AR R 10 min, A
1 mL £5 fe b BT B, BEWREZ N 10 U/mL, #E/KWH T R B, HURE I a) 78
10 min. 20 min. 30 min. 40 min. 50 min, PB#J57E# /K% K& 5 min,
KAFEWGS 0.22 pm K Rid €k, RAH HPLC il 4> ¥ &

33 S pTERESHEMNE

K FH v RROBURE €15 v 58 A B RE I oy T AR AL, AR AR S B 1
E 1N e T N A i S = 4 7 I WS = I = R a5 W N 5 B VA
By T B I AT ERE T AR e 5 220 HPLC B (il A0 FE, D 068 R Ta) Sy A A1
e, o TR BN, BEHEMETTREENZ RS T2 TR T
(501, SR J5 I 5 At AR L 0 i ) A0 22 0 4y 1 B 00 U B o SR HH RS R ) B
By 1 &

e B bR A IS, B — 8 E A 2 7 B E 1 dextran FRAES, FHR
AT EWRE RN 1 mg/mL FIARAE IR, KB I 38 Sk o g8 5 UE | iEA
HERENH .

RS FE B TSKgelG4000PWxI a3 i s BN AHA 0.71% 15 BR Bh 1%
W (NE 0.02%BEMNNERD + HFEEN 20 pL; HWE N 0.5 ml/min;
RN 35°Cs Rl & s ZIoeka il &s: Kl 28RN 35°C,
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3.3.6 HiEAIE

iR ER 3 REEAE, H Excel ST &4 /T WIS 8HE, XH
Origin 2021 HAHE K

34 ERE DR
3.4.1 AHEHERT 5 FEiER L

AE 6 N FEFERT 70 T EFrdE S (Mw=505. 5070, 10300. 20800,
40000+ 70000) FIVRAR (018 K4, 2 d) H T80 4 F = KN ) A5 e B BT AR
HEMZR an &l 3-1 Fiw:

55 ¢

45 } E

LT
L
LT

logMw
I
®

25 F

16 17 18 19 20 21
R,

Kl 3-1 3 bl o0 1 b o il 2

Fig.3-1 Molecular weight standard curve for dextrose
TBORE €2 T A AN [R] J3—7 8  Je RE IT 1) b 74 T 8 7 A O
Y=-0.5446X+13.996 (R?=0.985) = 3-1
Forbr, X 9 i 1A,

Y A A TR I )T A B .
b bs 4 2 0 5 E R, AT IR IH 5L 2) 1 B AE 550 Da~70,000 Da i

B A e I 1 o T

3.42 AMERETTE =Y FEKR N

i figf o R R A T AR AN K P AR RO R A, AR & MBI
RELRERAGMENEO, N7 B REE A AL T2,
i, & EX m & AT o, TR R TE, &0
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TR MR DL RN B R BRI S A B B RN &0 1 BB AT LY
I AR AT S, AT 23 AT R S B AT I AR S .

0 5 10 15 20 25 30 35
1 T I ! I T 1 T ] T ] T
18h
180000 — -
120000 F -
60000 F -
2 0
= | | | 1 1 1
6h
165000 F -
110000 F -
55000 | -
0
1 1 1 1 L 1 N 1 1 1 1 1 1
0 5 10 15 20 25 30 35
HH D (]

B 3-2 B /K iR 28 7 W0 IR VU B

Fig.3-2 HPLC of the final product of enzymatic hydrolysis

EAELEE KA 6 h MEEKM 18h 5, HAaTFEsmbEE 3-2 fin.
Dex-70 73 i AN 884y, R 2 A TEREET &5 LB, Ny B i
BRI A7 LR, B 6 h A0 18 h tH I AW b e] DA B, A5 e 0 T i A A AT
AFAE — % BR ), AR B B /N4 T & B4 e T 0 VR A, X 5 A
NIIF AL S AL, BEfE 6 hJ5, FEEMRHNA 0 TEM L EMHEE, &
W L AN, B AN IR AN, R R AR, U TR A 19.991
min, H4F 8K/ KN 1200 Da £ 4 5 AU K, H R E N
20.487 min, AR A e bk B Ar o dh 2w R, 7&K/ 690 Da A .
B 18 hj5, tWEFEH LA 0E, 25— DOgmAR N, CREE IR, H s
] 4 20.003 min, H4> FEK/NA 1200 Da EA; 5 AMIEHEA K, Hik
B 6] A 20.475 min AR 95 A5 e A BT b o i 26 0] 2, 4 7&K/ 700 Da.
B o] 0, B AR A=Y 4y T AR 700 Da Ao Ay B A e BE I

28



g SR N3 e o Y VA7

3.4.3 AEREREBIZZH0HK
3.4.3.1 35 X A e bE I 4 7 = AR A I 52

160000
140000 F L_v

120000 | Vi 65C
100000 F

" i /// /U\__ 60°C
= -
80000 Jk —

60000 - /
40000 F / J
20000 |
N | N 1
5 20

50°C

45C

0 f | L 1
0 8 10

25 | 30 35
time
P 3-3 35 FEXY A e T 43 T 8 1L 0 2
Fig.3-3 Effect of temperature on changes in molecular weight of dextran
W& 3-3 AT CUVE B, A e bl AT B 2 e, RO R Y, BEE
I T m R 7 B B e W I AR R Ee e Ok, AR 3-3 T, g
Z JG, B4y T & K4 7E 3000 Da Fl 800 Da. i E N 50 CHY,
3000 Da 73 & [} 47 e i iF L) 55 800 Da 43 & 1 47 @ Bl I AH 22 K, B
FinEAW T =, 800 Da 7 7R IZHTHE I, BEMR SE AR, 70 B R A AT
RE A2 i J3E 181 A W I A ORG B /DN, T A R 3 v e 5 g 7 5 A 42 ik
S BUA e B T R A 5E A e 51330,
R 3-3 U B AT e HE I 2y 1 AL AL Y R

Tab.3-3 Effect of temperature on changes in molecular weight of dextran

T 45°C 50°C 55°C 60°C 65°C
HA IR R] (t) 19.18 19.39 19.38 19.40 19.30
g
Mw 3553 2744 2754 2686 3076
HA IR R] (t) 20.39 20.41 20.38 20.38 20.41
AN
Mw 782 764 790 788 757
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3.4.3.2 pH XA e bt iF o 1 B AR 52

1

50000

40000

30000 - /

T

20000 - //// l
I pH=4. 5
10000 | / j \ Y
O / " 1 1 1 " 1 " 1 " 1 " 1 " | ’
5 10 15 20 25 30 35
time

P 3-4 pH X A7 i i B 23 5 5 B AR 1) 2 i

Fig.3-4 Effect of pH on changes in molecular weight of dextran

pH X B i 77 (0 S2 Wi il o 2, B R B G s VRN B AE /) pH, B N g
frfzid pHO* 531, HIK 3.4 WA, BEE pH KIARLL, AN 7> TR ILED
Wi 2 KA, Ny TR A ERE T LE EEEE pH RN A Bk
R 3-4 PrEn, BEE pH ARG N, A7 s I o> 7 R 235U 1 1 E s,
£ pH=5 It} , A3 el I 7> 1 R AR, H A A 2 5 5 00 A e B I A 8
NS ZIK R T Rd OV IR N pH=5.

R 3-4 pH Xt A7 e B BF 70 5 5 B R 1 52 i
Tab.3-4 Effect of pH on changes in molecular weight of dextran

pH 4.00 4.50 5.00 5.50 6.00
HA IR TR) () 19.28 19.15 19.38 19.33 19.22
AN
Mw 3154 3689 2754 2955 3362
HAWEE R ] (1) 20.40 20.38 20.41 20.38 20.38
AN

Mw 774 789 764 785 785
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3.4.3.3 JERADIR XS A e IEE o3 1 AL Ak (1 5

120000
100000
80000 iaginl
40mg/ml
60000 / /
L 30mg/ml
40000 / /
L 20mg/ml
20000 /
L 10mg/m1
O 1 1 L 1 L 1 " 1 1 1 L | 1 ]
5 10 15 20 25 30 35
time

3-5 JER AR JEE Xk A e W I 2 R A ) S

Fig.3-5 Effect of substrate concentration on changes in molecular weight of dextran
£ EMFMAT, RMIKERARN, KA -Hoie S RYKRM, #

WH AL RNERE SRME &, NI ERIRE NG, B
L2 I BEAT 7 W0 ) AR B AR B 2 TR . (ER S R A 8 R
BAXNM S 28 G, RNVIKEBRKRBER, ERREL T, KWK
FEod K0 2 5 S A S LB 2 BRI . B 3-5 PR, BEAEIREE MG N, B
R RCR RPERARHE S, R0 T E R A R LGB, Hik 3-5 Al R,
Bl J5, IR BE B A I R N, B AR A S A, RIEBITURACR .
R BEAE 10 mg/mL WA e Rt &2 B J5 . 70 1 & Jr BY(E 3000 Da /&
A1 800 Da /i Ay, HECGIMXS 5T, i H ALK BE 00 4 e vE I, £ Al
[F) 2% AF g i e, Loy 18 v BOR T 10000 Da WY S8 E b, AUF
H 1 800 Da v Bt, 73 i I W] B A2 BE & Bl A5 IR B I BE 0, AT e R
VRN B 2 1Y O, R A e B I VA A R T 5 A R i
U R BEAT R, H R M AT AR . B LR R YR E Y 10
mg/mL.

R 3-5 SR LR A e Wl IF 2 1 B B AR 1) S

Fig.3-5 Effect of substrate concentration on changes in molecular weight of dextran

. 10mg/m
JEAIH y 20mg/mL  30mg/mL  40mg/mL  50mg/mL
IR TR () 19.38 17.78 18.14 18.32 17.92
BN
Mw 2754 20689 13107 10498 17249
IR TR () 20.41 20.41 20.38 20.37 20.37
BN
Mw 764 764 785 796 801
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3.4.3.4 AN [ B IR X A e 5T o 1 B AR AR B 2

40000
30000 F / L’W—_‘IOU/H]].
/ 8U/ml
20000 |- ///, 6U/ml
i 20/ml
0 1 | L | 1 | L | 1 | " 1 1 |
5 10 15 20 28 30 35
time

B 3-6 gk B X A e T 43 T 4 A it 1 R i
Fig.3-6 Effect of enzyme concentration on changes in molecular weight of dextran
T VA FEE 1R R /N B Vel A T A e I (1) TR 28, Y R FE AN AR INF il A i B
K, YDA R E SR, B I SR AR, BE R BN, IR e e
RS, B AR S NS EROT . VR BE 6T A e A I T R B R 1 R e 0 ] 3-6
Fios, B EEBARKS, BEARRBIAMIR, K2R3 T4 e B3 B %
file, BEAERGWREERIAE S, B AR SR, A TR I O B PR A, R K
FEX ] 8 U/mL A1 10 U/mL B, £ e i BT A 4k 2: i, 238 Mgl
N, X SR T UK FE AR B 5 R FE AR ROIRAS . R 3-6 AT R, BEIK
FEAE 8 U/mL A1 10 U/mL BF, 4 BERE B ) 73 ¥ & A4E 3000 Da /o fi . % [8 %)
PRk R, BB ERIK EE RN 10 U/mL.
22 3-6 T X A WERE BT 43 T8 R AR 1) 52 i

Tab.3-6 Effect of enzyme concentration on changes in molecular weight of dextran

Bk 2U/mL 4U/mL  6U/mL 8U/mL 10U/mL
HUERFTR] () 17.69 1736 17.83 19.22  19.38
AN
Mw 23161 34901 19431 3387 2754
HUERFTE] (£ 20.39 2040 2040 2038 2041
AN
Mw 775 772 770 790 764

32



g SR N3 e o Y VA7

3.4.3.5 KW 5> F =N A e o> R AR B R

50000 -

40000 \

- 2 dex—-70
30000

I dex—40
20000 / \

i dex—20
10000 | / j

dex—10

0-/1 1 L 1 1 1 1 1 1 ] L ] L J

5 10 15 20 25 30 35
time
B 3-7 JEY o T 5 64 ENE BT 0 T 5 R AR ) 5

Fig.3-7 Effect of substrate molecular weight on changes in molecular weight of

T

.

N

dextran
JEEA 73 8 K/ AT DRI W A e 5T e R 5T, B 3-7 B, dex-10.
dex-20. dex-40. dex-70 Fgfiff R R IZ D 1 5k, AR 01 (0 A7 e 0 T Xk DL 4 il
i, 0K 23 1 AT AR I R LD A RO g, IX S A T I
K, A ENEREERE L —MER R a-1,6 BE R, AT IA B B AR A e wE I ) H
(7, AELAS T R BT i A A7 E — 58 BRI, BT /N 237 10 A e R T e DA R 44
IXn] e T R RS S 1 T SO T R T B ) 2R AN 0 BE A 2 1 R R B AR T Ok

§5110, FF LU SR dex-70 1E A RRIEH 4 T-Ht.
K 3-7 JRA o3 B0 A TR I O R PR A ) R )

Tab.3-7 Effect of substrate molecular weight on changes in molecular weight of

dextran
JKY 5T dex-10 dex-20 dex-40 dex-70
IR TR () 19.16 19.34 18.63 19.38
e I
Mw 3657 2925 7063 2751
IR TR () 20.39 20.37 20.39 20.41
AN
Mw 781 804 776 765
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3.4.3.6 Mg fiF I 18] X6 A7 Jie B BT 20 1 B A2 A IR R i

|

35000 .

30000 N \,

25000 & | | 50."”["

20000 - / 40min

15000 F 30min

10000 s Z / 20min

5000 - / 7

5 10 15 20 25 30 35
time

3-8 ity fiff IF 1) 5o A T R I 2 R A R 1) R

Fig.3-8 Effect of digestion time on changes in molecular weight of dextran

10min

Pf A7 T TR0 P DA A ) 1 o B AR R RE B, BNV IR IS e UR B R, M AR
o ENEE, BREECAS R, MENEPERBmEE TR, H
Kl 3-8 RI AN, il B AR IS TRD (0 SE A, A A BE LB B T IR, (HAE I8
40 min-50 min J5, 7 TEEHIJLFAKAERN, HE 3.8 AT, EAFE 40
min J5, JK¥Y4 T ELE 3300 Da /247, (H2F|EM 50 min 5, 7 F 2K
#2700 Da, M NIEF P57, B AR BT 45 . P DLk £E B AR I ]
50 min 1 A& B E) A

2 3-8 M A BT 1) Xof A e I 3 B R AR P B T

Tab.3-8 Effect of digestion time on changes in molecular weight of dextran

P e b)) 10min 20min 30min 40min 50min
" IR TE () 18.15 18.68 19.04 19.23 19.39
BN
Mw 12944 6676 4251 3349 2744
HIUERE] (0 20.44 20.43 20.42 20.41 20.40
BN
Mw 735 742 752 760 766

3.5 KRB

fEAR T R, O T A B4 AT ST IS R 4 TR RERRE Y B, LB R
BT WA T S A, SRR FOR pH. BERERCTICNE . MK, W
MR 4 T B RN AR IV %67 R TR IF 0, JRGCMIMR I T 2 4 1. E el
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e, @I v ROBOHE B SR AT T E B T

LLMMumﬁnﬁw iR pE I B 7R S0°C A A e B AF I R FEAE A
AR R BLEEAT IR, RS, EERIE. fE SOCHF, B dex-
YRR AN BB, BN T B R BT O B R, R DUAR BB AS A 4 T
BB, —R=9TEE800Dakt, —& T8 3000 Da &£ 4,

i I 0] g A pH A AR IS E) B BIE SR L, A R I AE pH=5 ), TR
DK KBTS i, R SRR, GRMER R AT 0 T ERIK, AF
S ER B MM . BN ARG s SR m AR IS T E
FEHCER, @I 30 min J5, P90 RS E 2> T 5 0 A5 Ve R I LG B
FHXT 35T, () ) I A B S0 8 A, 1K B B A e KRR« AT DL 4% 50 min
VE 9 1 i V1) B A S I IS []

TEBG RS IRJE . BRI DL R o T BT AR R RKIL, Ko T &
XoF A T 0 Tl 1 S i K, Ao B I N I R Bl SR AN 0K, AR T Bl
fide SNE R HEAT o Tt A 8 R RS A A 5 A R i T R IR S A ERIR A B
B BOR B0, WAV, A TEGIM A8, &8 dex-70 fEAKRY, H
JEVIME N 10 mg/mL, [H W& FEEKREAE 10 U/mL.

g BRI, KAREAE T Z NEME Y 50 min, pH=5, &R E &
50 °C, JRWIKRE 10 mg/mL, BEIKRE 10 U/mL, JEY)A dex-70.

Wééﬁ
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£ 4 F 83 [ th [ B A% X A e AR BT 25 4 R0 I E 4 72 1R

4.1 5|5

i e IS AL B S, A e B IR AL 1 s R A AR, ARG B R
B, R PTAEAR D9 AR AR T & i B2 i ol e, e B 0L 1 AR i s 400
MPa R AL 20 min #] DALfE PT M RIE B KAE, £ 2 s, K#EE XA E
HEIET B 25 PR EATOEIT, T B RIRLE . BB pH. BEARIRIIRE . BEIR
JE R e 73 1 NI g I TR) S T (B 7T, LA HPLC 94 AR, &

1S 2 7 1 AN A HL 20 B PR A AT e mE I R B

FEAE TS, K 2 X i A A0 v T A BT i A A e I 32 AT 4 M SR AR
I H e 56 FL ot A 35 1k o RV, SRR G e I P (R A 1) U5 2K, DL HPLC A 3%
PNy TRk, BLFT-IR FIB =¥ 45#, BL X-ray #f %€ 7 9 1) 45 &b
B, LA SEM X EL =W B R A, R 1] 3 R vy T W 170 I Ak Xt A e 0 T
AfL Y TR AL /I B R A F R e AL EE

4.2 LM R 5]

4.2.1 KM
I BT 7 MR R a0 3R 4-1 Fros s
F 4-1 158 P 7 o RER R )

Tab.4-1 The materials and reagents of experiment

4 K 2t i Bl A 77 Hh
1 e B i -70 500 g ATAEYITRE (BE) BRAFA
ToIK LT 500 mL R T L A 2 ) A R A
FAL N 500 g T 85 T B A T AT BR A A
FIB 71 & 6%2 mL Jb R A AR AR A R A
APTT X & 6*2 mL Jb R A AR R AR A R A F
PT il 7 & 6*4 mL Jb R A AR AR AR A R A F
TT iR & 6*4 mL Jb B R A AR AR AR A R A F
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4.2.2 G

50 B i B AR W3R 4-2 B
x 42 AT TR WA/ HIE

Tab.4-2 The equipment and instruments of experiment

W% B A 44 5 CR I 3
i R B A HPP.L1-600/3 KRBT R A & W& LR ARARAA
L7 b R -F JB/7534 R -FER 2 A8 (i) AIRAH
Hl 3 #4452 78-1 T REACER A R A
RS b)) VS5400 ARSETIT A /K L 2 A B A+
FAW T IR LC-10N-50A gy R IR VA B A R A A
R E B O L SC-3616 R R R ER S A IR A A
4= H Bk L4 BT AL SF8200 JE R FERH A B R A BR A A
kA DHG-9030A iR AR A R A
EEELIE: S S-4800 H 32 A7 BR A 7]
X S E AT X D8 Advance i & e B A R A A
e HL 2 Ah ol i VERTEX 80 A& SR A PR 2 7]
e AT T A 1260 A (o S N RN

4.3 WA
4.3.1 BSEthE B E

FEf 1 AR R /KA W B H) 100 mL A5 g W8 BF-70 W, WKIEN 10
mg/mL.

FESD 20 K P v AL B A RS T AR S 1 VU, s RN ] Y 20 min,
AL ¥R 7778 400 MPa.

FE G 3 SR A0 e 0 5T G /K R AT e B T RE O 1 VAR, AR I TR) O 50
min, pH=5, FEEIRSE 50°C, KYIKE 10 mg/mL, BHKEZ 10 U/mL.

FEdh 4 Sl m R, FHEMEGE, S ES 8O G S S
2 FIRE S 3 {4 — .

FEdh 5. SERGARACER, P& R, &S kS G SS R
2 FIBE S 3 R — 2.

PR FEm AL BRES RS, SR 101 BEUT 24 /NS BRIV O T 1R T 1
RN 7 NP E
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432 FERESHNE
WD IEF 3.2.5,
4.3.3 FT-IR %7

F FT-IR JGi5 A0 5% & FF i 4 Bt 2040 il ], R IR B R i
KW E o KRG FIARIUE B 1 mg FF AT 109 100 mg KBr #HATIR &, W
B8, FEMENL B R RE B A, DL E KBr oS, RIS
AR LT AN OGE BEAT A, D E A I 20 AR B 1 .

HERE: 400 cm™'~4000 cm™!,

4.3.4 XRD S #1

WL X B RATH ORI EFE M 1. FEdh 20 FEdL 3. FEdL 4 MTEEG S
M gh AR PE R A L . KRR R T )a, B, AR T, 2 0MVEHEALE 5°-70°,
B 50 mg B fhBCE A AT SR B, IR SR IE SR

4.3.5 SEM &t

HSHERWELE —SEAFESN 1. B 2. FEM 30 B 4 FIFES 58/
KA ER R BERSE R EE F, WHEZ )G, K S-4800 f94 HAEEAE
T B R R BRE AT T, WEAFRER TR REESEG.

4.3.6 &I P9 IR 43 4

4.3.6.1 APTT il 52

HU S0 pL FRp A (2 RS MR PR G WO IATESA F,  [FIEmA
50 pL BCHl 47 ) APTT 57 2, TR-& 8850 5 1E 37 °C Tl X vHE ) 3%
H 180s, REMMIAM PN 37°CI1H CaClo B, FIRHACHIC 345 5H .
4.3.6.2 PT [ &

B 50 pL FRRIURE (205 MR PR E WD Rl ER N 2 A8
T 37CHIRX F fii#h 180 s, F i 50 37°C PT i) 100 uL A F| Eik
WA, R A R S 45
4.3.6.3 TT [l 22

B 100 L fr I RE (2085 i R IR & 0D St ZR 00 N 300 5 AF
Hr, T 37 CHURIX A 180 s, H TR H) 37°C TT 7 100 pL A
R AR R A B A R
4.3.6.4 FIB [f)ill 2

U100 uL fpIRE (2085 iR IR & 0D St ZRo00 N 3000 B AF
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th, F 37CHIEX K 180 s, ¥ FIB X5 (=) MANEA P, 6
i ACES B 3l JF # & FIB & & .

4.3.7 Il /MREBE ST

A 3 /N RS A o B SR VP A A s X 2 L AN B B i . K
H 0.2 mM ADP fEO8 REFE 5], N E /MUK SH & &2 E, R
JG NN ADP. o B 5 A I 0 bl 6 LSO /B SR SR R, AR 8 1f /AR
REM LI K RERHI .

4.3.8 BT

Frf R B E k1, Design- Expert.V8.0.6.1 3K 14 43 #1 M M T
RIG 45 5L, IBM SPSS Statistics 25.0 B3t 47 F ¥ br i Z 1 ANOVA 3 #r,
FHBC X FEA T A 368 12047 W50 A0 5 2 7 5 3 % 0 Fr, Origin 2021 BAE/ER .

4.4 ERE S

4.4.1 FENE
K HPLC XFFE & 1. A 20 FE&L 3. P 4 FOFE & 5 o0 34T 40
Mr, & 4-1 &R HBAE G B, W5E 45 Bk 4-3 fiow.

R 4-3 TLARE A 20 TR
Tab.4-3 Molecular weights of the five samples

JEHDAR Feim 3 Fedm 4 e
HAIEE R ] () 19.22 19.38 19.37
e T
Mw 3378 2764 2800
HWEE R ] () 20.42 20.41 20.38
PN "
Mw 750 760 786

FEdh 1 AIRE b 2 29 5o B X AR U, R IX P ALAE wh A 20 2 — TR
RV, R 1 RTRE S 2 5 7B ERAE 70,000 Da A, A LB R AL
B A BEE I 7> 7 B A R B, e s R 2R B, IFA
REMEZHE A > TR, (HZAERRESE NAOT 7 B, N R = T i
R HEATLEZER > T EEERN, £EDTEAZRWIRT, &7
BN ZPEA . FEG 3. FEG 4 FIRES S AT AL B, T &
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KA, dex-70 Wi N5y, W — 45 — 4 T & 1E 3000 Da Al
800 Da /47

200

sample 1 sample 2
sample 3 sample 4 sample 5
160 o~
— i W\\_; — S
120 F —/L e
> b
g
80 F AN
40 A
0
M 1 L 1 M 1 1 1 1 1
0 5 10 15 20 25 30 35

Time(min)
P 4-1 TR b VB0 €1 12

Fig4-1 Liquid chromatograms of five samples

4.4.2 FT-IR 3%

oy sample 1 sample 2 sample 3
100 sample 4 sample 5
B T G LY \
b : B :/ il \\:/%"“\.,\/I’ 11 .
N, | / \y | I
90 | \4"“\1'/' I :

d 11
1 [
1 ! 1
| 1 [}
SOW
1 | [
[
I I [
60' 1 1 [
1 ! 1 !
! | [
1 1 I !
1 | 11
1

4000 3500 3000 2500 2000 1500 1000 500

Transmittance(%o)

Wavenumber(cm™ I )

B 4-2 TR L0 ARt 1 1R
Fig.4-2 FT-IR graph of five samples

TLAFE S LA G 3 4 #r B & 4-2 Fros o 2084 4 5o AL
FT-IR Y61 . 1F 3394 cm™! £ 4 A B — A 5800 % O W i, 1X & O-H
o 4 iz 2 T 2R, RH 2 FEEEAE 4 1 A4 1 I & A2 5 20 ) A ELAE R BT
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81, 7E 2929 cm! AL MIUE VAT T C-H W 4E 4R 3, 6 AR 1062 2 B8 (1 RR1E
W SISO, 1654 cm ! A B — AN R BLITIE, X & O-H 7 M A 10 25 il 9% 3
SEEOT, #F 910 cm! il 758 em ! Ab, HILE NI R, X2 ER
W) J5 ML R A ) 558 PR AR 50 R e 4 iR B g to ). 860 om ! Ak H B ) U S - Y
TR R AR R ST 0, X U R HH I R B AE 8 v TR AL ER AN AR AL R, G
B I ) — R A A R A

4.43 XRD &R th

3000

sample 1 sample 2
[ sample 3 sample 4 sample 5
o m
2000
Zz m -
Z 1500
2 :
| M :
1000 -
o
10 20 30 40 50 60 70

Two-Theta/deg
B 4-3 FAME A ) XS 2 A
Fig. 4-3 X-ray diffraction patterns of five samples

XRD & — R RAL i A S 40 S AT B A 10 05 30, Al DUA € A a2 T
RUIE S di AR S K, G5 ik e I 22 WA AR SR B IR AT S e, i 4 8 P UG 1 22
B2 S0 HS 5 1T A8 B AT S U6 630, A 4-3 FiraR, 1R 2 0=18°FiTH Z Kl
dn 35 DL R AT 0, RE D T ZE G AL H IR 2 AN RB I, X Ul U A e B
B R R A AR v 46 ot B, (B el e T M A AL B S, 4 R LR B AL 1
WAL AF TE I IR HL, WA RERER, XA REY, BN S
AT AR T PR 25 8 B 7 A SR, U T A TR ST R s e HE A S A, A AT e e
T FRD ey A 45 4 B A2 O T e R A5 A
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4.4.4 SEM 41 #f

SEI 20kV  WD11mm x 3 & SEI 20kV  WD2853mm SS30

=) o >
! Lx1,000  10pm
23, K08 2023 z

- g
F&
m.‘;n'}:l 100pm

SEI  20kV ‘gvnnmm S530

f i ¥ .
El  20k¥EY, WD1imm  SS30 1 k. wpiimm SS30 %1,000  10pm
;. - 23 Aug 2023

4
-
- - £
) = = - T
» N
WD11mm 530 w0 e 200 WDiimm  S830 %1000 40hm — e
. * F

N~
3 Aug 2023

“Biv: woymm sswo

TAugzo:: i %
sample 1 (A), sample 2 (B), sample 3 (C), sample 4 (D), sample 5 (E).
a: magnification 150%; b: magnification 1000x

B 4-4 AR 49 4 R B 1R
Fig.4-4 SEM images of five samples
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Ul 4-4 o, A B A T L R I T AT e B I ) 3R i TR AR 63, o4,
FeEan 1 20 H AN BRI 30, R M YA, JREA D E R DNA—
ML, e EAEE, FE& 2 RIE AN 1| R EFE ki, H
KMFLERIE 2. UFem 1 @RS, B 3 RILH &6 1R
R, IR E B TR SALE R . Al E s RIE AR5, JolE E ab
AR ROE R B AR RIS, REfTrES ARG, FiETH
flr b3, FEmRMSRERENEEAR, BeMpERE, BT s
JEACEE, B R SRR AT Fe g, AEAE AR TR S I RN A — 1 [ T UK
4.3.5 I U I 53 4

20 40
A b s B
[ e Ny
" i o Mfﬁ 14.57 30+
i 1371 1zs T 1256 I 13,74 13.43
g 20 F
= ¥
=10 ﬁ- b
a 'S’u a a ab n
o W
5
0 L
O - = - _IO = L - L — L L L
Feiml 2 3 a4 FEALS Feiml Fm2 B3 Fand FEams

4-5 TAKREM B A S ST TR (PT)
Fig.4-5 Ex vivo anticoagulant activity of (PT) five samples. The data are presented
as mean = SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

50

40+

30

APTT (s)

201

[ B )

3150 °

36.37

12,65 3343 I

34.14

FEdml

FEdm2

FEam3

a4
Bl 4-6 FLAFE i RSN FLRE LG CAPTT)
Fig.4-6 Ex vivo anticoagulant activity of (APTT) five samples. The data are

3218

34.23

FEEES

HINZE (%)

40

30F

20+

-10

=20

ab

ab

\ \ !
Fmml Frmm2 FEm3

presented as mean = SD (n = 10) and evaluated by one-way ANOVA. * in

superscript donate significant difference (P < 0.05)
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25 50

A o B
[ R g T
40 . P
20 F ab abh ;
16,84 h )
16,19 16,35 16.66 16,35 30+ H«}\i_/}\%
2] Zwr
1125 nigo 11.27 L5 ﬁ'
I b £ 0l
o
0 |
=10+
20 . . . . .
FEd FEs2 FEs3 == s a1 a2 B3 R dhd RS

4-7 TAKE MBS BTG (TT)
Fig.4-7 Ex vivo anticoagulant activity of (TT) five samples. The data are presented
as mean = SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

[0 ot A e

1 Il Il 1 L
Hdn2 Frdn3 b Frda Hah2 HEAES Fdnd Fdns

K 4-8 L0/ df 1 A S PURE I35 1 (FIB)
Fig.4-8 Ex vivo anticoagulant activity of (FIB) five samples. The data are presented
as mean = SD (n = 10) and evaluated by one-way ANOVA. * in superscript donate
significant difference (P < 0.05)

K i B X% PT. APTT. TT F FIB 3K 2% STRE 5 1 i &k L5
M, [EI DU I INEE S 0 I 2R AR N S A R (KB o SRS [F) 25 4 A B 1
FES T PT A1 APTT WIS dn I 4-5 1 4-6 fion . SSRGATHHEL, BT f
VRN A5 B W A RE B AR SEI6 5 PT AT APTT ¥ 58 3 TH & (P<0.05). K 4-
7. B 4-8 fion, HSEERATAHLEL, FEa 1. FEAN 20 FEAL 3. FES 4 ARE S
5528 5 TT A1 FIB K J¥ ) 5 2% F# (% (P<0.05). £ 4-5 7, FEF 4 PT 4T
KRMPBER S PTHEKFEN 6.5 %A1 8.5 %, BEE TR 1. FEM 2 FIFE
3, IX R B R P IR AR T DA R0 I A R P I AR B = A e
IF % I3 14 . FH T 4-6 RTLUE H, FEAL 2 APTT W38N 3.3 % HEfM 4
APTT 3K K 6.5 %, FEfh 5 APTT (K E N 6.4%. kM 3 APTT
KRN 8.8%, SHEM 1 JLUTAHE, X3 B B — R Bl AR AN Rl Jd I P9 R 14
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UG I 38 A% X AT e IF A Rt L PR AR R, EE S s S REERN, &
oxt ik e I A AR 2 AR Y, R WA 20 A e I PO DA o e I A oK
B AR A e W IEF A e ML VS A . PRI 4-7 R 4-8 AT, REAL 1 £F4EEE A IR
Woner g (RIS A 4 0, HLAT4E R A IR & Bl L BRAR . X R B A7 e vl
BF-70 FA R DTEE R, A e i g AR AU e i, o B AR A & 5
e A A, PURERCRANE, X SEURN RE M ECOE . FEdh 1,
Fhdh 2. FEAR 3. FRAh 4 FIFEGD 5 ¥ R BCTT S/, TT 2 AQSR KL g v
6], S WRLF 4 (1 R e AU N e 4E S 1 (IS Ta], TT ME FERTE IR R & L. X
B TTHMBERZ B AR TERN T Ca? & 1. =il & k& B i
AL TR, Ak 2R T 3R S A IR 2 O A e R IEE R R L i R AR R, R A
dh BEAT R R T AL B S Ak SRR K W, S S ECPT EMSA BT, (H ETHIEE A
K, APTT WI{H 3% F#K, FIB MK AR feh s T 5K #F bl 21T
KRG AT R B AR, =€ PT MAE &K, APTT 5 FIB &S
e Ab B 2 JE AR BEAT B AL B A R ANl . X BB SEIRARET, e I P (R A
Ak BRI 2 S B0A T W IS R e I 1 e AR AR A o AT BER AR AT e A I A D A T
AP IS 7 2 R ek 1. T i B A ) XS

4.3.6 I/ MRBE T

100

20
=

I 1 [ i

-
=]
T

80 60 -
66,04

w
=1
T

54,61
T

=

=
T

'

=
T

MR AR (9D
FEALEE (%)
= B B

2
=1
T
o
T

-10 F

<

i ] 20 . ‘ . . ‘
301 2 3 a4 TS Hal a2 FEa3 FFdhd FE&S

[l 4-9 AN i B /I AR £ B
Fig.4-9 Platelet aggregation plots for five samples

ML /NGB B R L /N ARORE BB N AT . MU B A, AT 5] iR B
fE, TERCR A AL T B /AN AR, 33X b i T R o e L S R OS]
4-9 Pron, SRR RETAHLL, REEL 1 BRI I AT T RE I 2 T B R R
SR E AR FEAh 2 2208 i A0 B S AT R 1T I/ AR R K R AR R L
BEAR s R 3 20 I I A A B S AT @R IET R I /N AR A KR R AR R T A 3
Pl 4 FIRE G 5 3R 2o i vy T iy (70 I g A 25/ A e 9 I /D i e K SR 4
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R ERMK. MALGIRBEE 25, M/CRER R ERIK, RRKREFEMN
66.04 %PFEMKE 54.60 %, XZHTHRM T /MR EEZLYA e sl -70 B
o B3 /MR R AR ER N, XN T EFECTRET 3%, XRH
K FELRENASFBUL/NMURESEZR . a2, Fd 4 AR 5 B
IR R R R 1 MAA T N R, T RRIIEEE 28 5.38% . 5.34%
M 7.18%, BAEm 1 M/MRIEEEEFIC 11.44 % EHHEREZMWRA. 25 LT
AR R vy s G A S e A 0 R Y A T A T XS i )S BRERE E RH E

4.5 KEING,

RS ZE T, R R AR DA S P[RR Ak B A T b
BFHEAT S5 MR AL, K 2 5 40 A R #8 7F 10 4 e b I 3047 6 b o J8 0 VA
FT-IR. X-ray fl SEM [ LLAEL, K IHE B B w5 Ik A0 B fde XF A5 e W I ¢ ifn v 1
I 7N AR 5 4R 1 5

S EAE 7 A ERE R AT LR IR IR EAE AR, B S HA
A — € BB I M DR T RO R B0 . 3 o i L A R R, R 1
BF A5 e B I 1 e 68 I v PR AN B N SR AR TEPERONL B, SRR, e N
BT 4D o A A4 720 0 2R T FL B T I L 9 1 A E RS, E L A 1) B2 v R A st I [
TIEFRERERNAAR . HEELAE G, AL TS T2 Ma i
BA RAERA, R & EA SR A eI — R, (B RARL T
RIMEARKET AN, B HRIAEA RSB P s g sm, @8 ek
X A0 U5 P I PR R AR DA R SR R AR A PR AR R, X R R e 2 B A
e H A 3R ) SR A AN W AR A Y, ER R T P IR IR R LR AR, AR I A AR BL Y
gE O, R v S o P R M A AR 3 AN W B R AR . B AR R B R 3
TN T BRACA TRFERT 0 > T 5, A e B I I 25 H i BB B 4 1 B RN T
BTG IN, BEARAG SR T ERE S EEMESE. DB SR
WM 2 Ja, A7 BEREIF 4500 2 R A AR Ak, [A) I B 2 0t ot 3% 44 A0 I /N R 2R 4
VB 2 A . S E R, A e B I T B I S P A R S i
IR 10.5% , $& Ot T A7 bE B B BT EE L vE M, [RIBT FIB R EEFEAK T
51%. A EFEN ANER G, MABRCERERTHE T 17.3%, £
e s FH AL B S, A T I AR R AT R T 9.6 %, AR FEAR T
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