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Abstract: The entropy TOPSIS model was used to compare the effects of Sevage method, acetonitrile method and
trichloroacetic acid (TCA) method for removaling crude Bletilla striata polysaccharide (BSP) protein, and to explore the
rationality of entropy TOPSIS for BSP deproteinization system evaluation. Based on the comprehensive score of BSP
retention rate and protein removal rate, the optimal treatment conditions were screened out. Nine evaluation indicators
including monosaccharide components, oxidative radical scavenging ability (ORAC), and half scavenging concentration of
DPPH radicals (ICy,) were constructed. Supplemented by UV and FTIR, the entropy TOPSIS was used to evaluate the
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results of three BSP deproteinization programs. After comprehensive score, the best extraction times of sevage method was

1 time. At same time, the protein removal rate was 22.9%, and the polysaccharide retention rate was 99.11%. The optimal

mass concentration of the TCA method was 10%, when the protein removal rate was 70.64%, and the polysaccharide

retention rate was 70.03%. Compared with the ORAC values and ICy, of the three polysaccharide, it was found that the

value of polysaccharidle ORAC treated by the acetonitrile method was higher than that of the positive control group

(P<0.05), and the polysaccharides treated by the Sevage method had the strongest antioxidant activity. The BSP

deproteinization evaluation system was analyzed by the entropy TOPSIS model, and the sevage method deproteinization

effect was the best and the expected result. The results showed that the entropy TOPSIS model could be used in the

evaluation of BSP deproteinization system.

Key words: Bletilla striata; polysaccharide; in vitro antioxidant activity; Bletilla striata polysaccharide deproteinization

evaluation system; entropy weighted TOPSIS model
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Fig.1

Conceptual flowchart of BSP deproteinization



<78 - £ Tl B4

2024 4 4 A

f#iFH 500 mL 90% ZFEAEMEEFIXT 100 g AR MR
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W, 4B FEE 1, 2. 3. 4. 5 K, 6000 r/min 5 .[»
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T 48 h(H B AHXT 70T Bi & 3600 Da) /5 —37 C
T 12 h, 1583 5 40 A2 2R, 43
B Q1. Q2. Q3. Q4. Q5, HIHFT/iFLss .,
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25 °C FiBEHT 48 h(F B AHXT 43T Tt 3600 Da) J57E
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(DR 2R,
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( HPLC) T & ¥t InertsilODS-3( 250 mmx4.6 mm,
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74%~78% A, 15~25 min, 78% A, FEU5: S K610 g7k 5
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Table 1 Standard curve, determination coefficient, linear range
for each monosaccharide

Lk LGRS R? 2 Fl (ng/mL)

ok y=123272x-432.2 0.9981 50.0~1000.0
Hiah y=104501x+279.87 0.9995 50.0~1000.0
ey e y=139845+354.2 0.9983 50.0~1000.0
N y=124621x-343.74 0.9992 50.0~1000.0
Bk y=18977x-637.19 0.9999 50.0~1000.0

A y=118686x+328.41 0.9995 50.0~1000.0

T 200~800 nm FHA TG
1.2.5.3 FTIR M FRE DG Zead AN R I 8 1 vk
Kb ) Z BRSBTS PR KBr B R
MR o 3 PR B AR LT A MGG T,
PWEGERFE S 4000~400 cm™',

1.2.6 ARIMTLAEALIE PER I

1.2.6.1 DPPH HHILERAESIVIT =% Fan 0%
PR 7 I Z2BERE S R 3P BOE BRIRE 1C. L
AR A & (2.0, 4.0, 6.0, 8.0, 10.0 mg/mL)
£ 2.0 mL, ilA 2.0 mL /4 DPPH &, IR&¥95], i
G N 30 min Ji5, 7F 517 nm P T GEE, 1
50% IR E Y S BEH B RESLITRE 3 CPAT
MAE, BOFAME . #%30(4) 315 DPPH [ i 3L ER%.
AzAimA) g

0

B R (%) = 0 A 4

P Ag: 2.0 mL 50% RTS8 2 A 2 0
RO s A ASRRE SR WG Ay 2.0 mL
50% ARG ER 2 58 DPPH YTRGEE .
1.2.6.2 % A A FWILEE S (ORAC)TEM = HEIAR
FPU Tk, R RS U W R W R B % vl i
(75 mmol/L, pH7.4) Tl . ZEFLARPIIA 20 L £
Wi AR & 7 W R 20 pL AN [R] ¥R B Trolox FR M W
(1.5625. 3.125, 6.25, 12.5, 25, 50 umol/L) FiJ5 hn
A 200 pL 7256249 (0.0478 umol/L) o 1 5E BEFbRIL
WENRAY 10 s, IFAE 37 °C F #WilE4k 10 min. 7E
HAFLAHA 20 uL AAPH(119.4 mmol/L) i, 18 /]
Bl SO B2 S CHm I, BRI 485 nm, R OTIEC
Sk 538 nm, £ 37 C 4 1.5 min JE 1 IRk, RBIE
AN[RIHR BE Y Trolox FRUEFS TR H 1 28 SCHER K i T AR
(NETAUC) 15 2] 5 #fE il £ Y=4.312X+3.461( R*=
0.9985) ., ORAC 1H L5 5ot i Trolox 14547
¥r(umol TE/g) R .
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1.2.7.1 P ARRBEGT  ESHATANIIED f92Eah
L I AREE RS (1) L 2825 (12) | ST e
WPE(13)3 A2 H &, Beit TAHs SRR B A in
JEOBI R B L S U BR R AELE N Y 9 DS HARTE bR
A FDEBE AP A SR . Horh, PRSI N
IEEHEPRANTATEFEAR, 40 2 2 IR 3 iR,

K2 HRZHEREAENER

Table 2 BSP protein removal evaluation system

— 2R dEtR TYUEbR TEPREAAL  FEPRTERT
SRR % i
- AR P AR (112) % ik
fenran EHERBAI3) % i
& A PBRER (114) % ik
H AR AR 2R (121) % i
ZHESE(12) H- e AE AL f 42 (122) % il
ABIEARAE fA(123) % il
AT (3) DPPHHE BRI EE (131)  mg/mL il
ORAC{H(I32) pmol TE/g ik
#3 HEZHEBREAENRRE IR
Table 3 Indexes of the protein removal evaluation
system of BSP
FebR Sevageik TCAY: NG
111(%) 99.00 70.34 97.25
112(%) 92.23 85.36 89.84
113(%) 99.11 70.03 97.36
114(%) 22.90 70.64 89.11
121(%) 2.73 45.06 33.54
122(%) 12.90 189.19 138.92
123(%) 19.80 101.98 110.89
131(mg/mL) 3.89 7.24 4.42
132(pmol TE/g) 9.43 7.66 14.35

1.2.7.2 EFRTE ST afbFalisr: s bRt
A 44, DLURSBEER B RN ), A5 T Fe bR o
AN
Tx(%) = ? x 100

T Tx AR R a, RS IR AT
R ) J5T e TR B 5 e, AR IR 5 2R 1 S BB I I

bR 220 435 44« AR SCKH 22 0 25+ 18 1F 9% 3 B
BSP =2 @A . HESNE . AWHLLR, AT 322
DL =Rl o Lb AR AR PP o Sl A X
AR FRAH IR LS BN Y SZ R R PSR 55, ZET 15845 Bkl
AR, IR AR R P e AR
B REBE AR bR A 3 4~ DA A BEAR X 28 L 2N
18, AFFFEASE R R AR
G, -G,

o G I EEAEXT B0, G, AR AL
BTN & L G, SR AL RS #4508 o b o

c AR AR TR T ik 5 TR bR A 2 1, L DPPH
O SR S B, ARFE BRI KR IR DPPH 1H
BRRILF] 50% AFXTR Y BSP .
1.2.7.3 H—AfbAbEE X AR ILE R U T T —1k
ALER, HEARARE U IE, RO IR R (X)) 5 115
TEPR B, BIFERE VB (X))

& (5

G(%) = X (&

x G, x 100
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BB X; = — T ;“_“:Ifz()x) X 2 EREHW
: J 2.1 ZETS RREFGHTGE
AT X = X=X (g [l 24y Sevage WHRFIFEIABON SR £ 95

max (X;) — min (X;)

Ao Xy FoRE | RO BARTEE j AR PRI IR
IEEUE X, FoR 25 1 DIPTSR PR j NEbRiis
HEAEAR s min(X;) 271 2 2H 50 KO(E 10 B /IMEL;
max(X;) FAN IR B A
1.2.7.4 $8F3ACE & LEAME B R IE RPN
(7)(8)(9)(10) (1 ) =IHH I AT R nUA E FUE
SO

Iy = zzﬂy X (9
i=1 Jij
;= —ﬁ Z:rijlnrij = (10
i=1
we_ 1786 A (1D
XL (-e)

Aoy FORTHAES j OUHEER T2 1 D RP SR
HUAFE FEHE (BTHRBE ) 5 vy R i PP g
55§ D AEPR PR HELLAE m SRTE AT R n
PEMFEPRIT R e MR EE; wi AR .
1.2.7.5 SRS &REITTENTE wILSRHITE
B A 5 AR R 0 AL ke 38 RE B A5 B B U7 R 2=
max(Z,, Z,, ...Z, ) Al 7 EZ, =min((Z,, Z,, ...
Z) o Foh, Zr RO Z A § R AR M
7, FoRFERE Z TR § HEARIORME
1.2.7.6 AHXMHEETEE AT MR RILS R I,
TR I 10 5 IE BN R 25 (D)), -5 5 BRAR
HYFEES (D)), AP A T EAHXT LT BE(C) o 75
D /)N, Col RN 7 S0, fe =z, 2z . 3 Ff
it T ZARYE C R MR

D =) (@-7y X (12)

D = /Z;(Zu—zi)z X 13
D

‘:D;+D;XIOO EQEY

2 Dy FORMLER (7 5 IEFRAR AR 25 Dy %
IR U5 iR S T BRI 5 Z FORFERF Z TP
JIFERR R A i DPEN T RAME; C;, B 1 TR
XTI EE PPN 7 ST e KRR
1.3 HIEALIE

B SEEe A 3 IR, g5 DL “SEREEPRIEZE "k
FOR, B 1BM SPSS Statistic 26 Sei 4T
5547, ISR FH Origin 2021, ChemDraw 20.0 47
21, WEEPET R ANOVA i, REl/ING FR3R
IRNZESHPE R 3 (P<0.05) .

Te ZEWEAR BA SR ANER (B AR G 52 m . bl T omisg
FI4FHT AT H, Sevage 2:(Q1. Q2. Q3. Q4. Q5) ZiE
PF43435020 61.01, 52.08. 52.70. 52.43, 44.82; A%
BB B e A 22 R R A, AEFE BB 1 IR
B2 & PFE45r e o Sevage 5% BSP 25 i A i
BrRag A, HAR AU S 2EBOR B2 EAE G, FEZE
BB IINAT BH S 1 T, (R IR, 244
5 W5 Hl B3 A AT 55.36%; Sevage 157X BSP 7%
HERFEVE A, (R B3R 5 ZEBURBUER TAHDE, FEEEBUR
BN B 5 R B, YR 2 IRAT 2B B R
KIEEETFFEZE 64.12%. H i E R Gef LA M
wie H—, SO H AR B E A, WP AR A

A
< jo0f & - SRR 1100
- — BT
= s AW {50
NIN) J )5S
T 0 60 %
= 40 {40
&
E 0t 120
A
B
of 2 ? 100
80 {80

ZHEOR B R FBUBER R (%)

40 — ZHHRRE 140
— AR
207 L ‘ 120
20 40 60 80 100
G HREE (m/v, %)
_C
< 100} a b 1100
W 80 a {80
p===g
% 60 c {60 3
5 ) &
g 400 AT o R
% — ERBRR R
S N —mawny e
2 5 10 15 20
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K2 ARIFIBEREE 5 XA v o S Wl DR B R R
[N
Fig.2 Effects of different protein removal regimens on overall
score, polysaccharide retention and protein removal rate

TE: AF/NG PR 25 57 35 (P<0.05)
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JERAD PR 43 B8 15 B 2R P D), AR BGER 22, BiR=R
Ry L, T X SR R — e E R, I HAE
alifbad i, HELZLALEIGD), Mo 2Rk .

El 2B i ZNE B PRI CE R 2R G114 I
ZHHIR B SRR TR, JEER(HL L H2,
H3. H4. H5) Z5 & VF 4534535128 58.31. 80.59. 93.24,
67.66. 65.04; Bl LNEU FEBEINSET R SRR, 24k )&
LFE] 60% BILEA PR EIR R . BREANIBRERS NG
e S IEAHSG, YRS FH AT B A, wE Ik
60% E AT IL 85%, 7 H Y/ NF b BERS, Xt
T BSP (UHIFEIN G AN A ), BB AE B 5= 1Y
ZHEEEE R (>90%) . X AT RER T CF— 28/ N7
ERARRE T ONEER, M2 KR A ITiEH
LB MY B IR B 60% B RS TFULTE S84, BSP %
WE AR B AHARAE,

&l 2C S TCA i AR BE TCA X ZRG 1155
Fe Z2BEAR B8 20 EE BB BR 2R 52 i . 43 Fr m) 1,
TCA ¥ (W1, W2, W3, W4, W5) ZE5PE5055 5N
68.25. 68.87. 70.34, 65.12. 59.84; B TCA ¥ /E Tl
S e TR E RN B I, 7E TCA ¥ I8 5]
10% BV 25Vl El i s . TCA BlFIXT 5 BSP &
FSA B R BB, TCA HIEMR T 15% Bt 1
FUBRZ S TCA W 2 W 2 PHEAHE (P<0.05), Z 4%
PREE RS TCA W R B EH AR (P<0.05); ZhE#
B 2R TCA ¥R LG R BEAIK, B8 5T 6 s SR B
TCA #e EHE R FHEr, Wi TCA ik #] 15% LS
ARAEASEA R o HARIE B AT BEAFAE LA T P A5 H—,
TCA S5HEEBIER T AR, I H TCA i =5
PG e A B AR, BB H B 2 1 i K P 3 T T SR R T
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Fig.3 High performance liquid chromatograms of BSP
monosaccharides treated by different deproteinization methods
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Table 5 Weight ratio and information entropy of each indicator
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