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Abstract: Using surfactants to improve the particle size of Arctium lappa L. polysaccharides, and the optimal process
conditions were obtained by single factor and response surface method. The structure of Arctium lappa L. polysaccharides
before and after improvement was characterized by UV, Fourier transform infrared spectroscopy (FT-IR), particle size, and
scanning electron microscopy. The results showed that the optimal process conditions for improving the particle size of
Arctium lappa L. polysaccharides were as follows: The surfactant was Tween-80, the concentration was 0.5%, the vortex
time was 16 s, and the pH was 5.67, under these conditions, the particle size of Arctium lappa L. polysaccharides was
6.19+£0.14 nm. FT-IR analysis showed that the modification with surfactants did not change the structure of Arctium lappa
L. polysaccharides. The UV spectrum showed a slight fluctuation at 280 nm, which might be attributed to the UV
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absorption of surfactants in this wave band. The particle size analysis showed that the grain size of improved Arctium lappa

L. polysaccharides decreased significantly compared with unimprovement. The scanning electron microscopy results

showed that the improved Arctium lappa L. polysaccharides exhibited a more ordered spherical structure and more uniform

sizes. This study can provide a theoretical basis for the preparation of a polysaccharide system with controlled particle size.

Key words: Arctium lappa L. polysaccharides; surfactant; structural improvement; particle size
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Table 1 Factors and levels of response surface experiment
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IRV, Al FH AP AR Ab- 1] W5 Y B TR
BT AR AT, VBRI Y 200~800 nm!7,
1.2.2.2 fEHEMASRLTAMNSERE ST SR E AR
e 210 615 -3 ol 4= B2 ST G 1% F AR XA S AT 53
S, K24 5 mg 2835 ZW A e HETE B2 A
EIFESE, 7E 4000~500 cm ' B B N AT HE A
BT, ACER IO 64 U, 0 HFR 4 em'.
1.2.2.3 RiAEME  SREOCH KA EE B30 a2
FE i ORL AR RIS, T 8 WS A Sl 90°, BT ot e X
1.330, MAEMRE 25 °C, 3R 2.0 min, &R &
2=
1.2.2.4 FRBESHT OB PEMORR S R — )2
RS E T UER S, 78 10 KV I E HFT 1000
TRRATEL T RIS,
1.3 HUEAIE

TRLH L E A 3 K, SR Design Expert 8.0.6
HATEAERSE 50T, SR Origin 2017 A4F4& 1K [
FH SPSS 25.0 Gei k{47 5 5 22 77 224391 (One-
Way ANOVA), f#i ] Waller-Duncan(W)i#{ 72 & [t
BT, P<0.05 NA W TEZESR . P<0.01 A
EME2ES
2 HBRESH
2.1 FRHEEMFIKRGEZZHE
2.1.1 RS MHEFIRPIEXT 435 2 ki FT A 52
M 43 20E M HES D Tween-80., Span-80 Fl1 SDS
PRI ST AT T L LR 1 2R3 28R4k 80~110 nm,
M Tween-80 194 2% ZZ MR ARAE 6~10 nm X [¥],
S LA K TIURARE i HPob A B /N, aX ] Tween-
80 X 4= 3% Z Wik 42 /N PR E B B . W
Span-80 F1 SDS ifill £ iy 4= 2% Z Pl ki 452 K /NTE 80~
110 nm Z [8], JCEH BAE {1k, Tween-80 FN1 SDS 143
K KEHE (HLB) 73528 15 F1 40, J& 73Rk MR
TGP, B2 S FE A R AR, Ui/ S SR, A
T BRIARE /NI KR, SDS 1Y 257K B K-
i H =5 F Tween-80, {HZ#R T Tween-80 il £ 114 2F
WP/ NTEIN SDS Hil 4 a2 tiekiis . HE 3=
TR T SDS J& TS FRIR MG HER], St g
TRp A28 M AR, — 3 2 el 2k —E 10
HEJF J7, 5 B0 1 W PR TR A A2 22 18 A HE BRI [
ARG, Va2 Xo 4 A SR R 8 i a2 R AR FH Y. Tween-
80 R/ INoyF 2R M I AR LA T v ) T v P T
B I A KIIERE, I H T Tween-80 43 F R
R A GEARYE) S35 TR =S [ HER, AT 28 rT
B2 B AH B 245G S, GEEK Bk B T Ay
Fae kP,

Fif% (d.nm)

354
304
254

2207
H 5

1 10 100
Fif% (d.nm)

S

10 100 1000
kit (d.nm)

304
25

20-
=
215

i

104

10 100 1000
itz (d.nm)

Bl 1 3ELhE(A) LI Tween-80(B) . Span-80(C) il
SDS(D) it R J 435 Z Ml kift

Fig.1 Particle size of Arctium lappa L. polysaccharides (A) and

Arctium lappa L. polysaccharides improved by Tween-80 (B),
Span-80 (C) and SDS (D)
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Table 2 Response surface test results

®3 BRI 220 Hr

Table 3  Analysis of variance of regression model

WIS A Tween-80¥kJE (%)  BIRBERE(s) CpH Kife(nm) SR Ryl AhE B FE PlEH ERE
1 0.50 10 7 18.2 AR 1974.51 9 219.39 206.47 <0.0001 W3
2 0.70 15 5 15.02 A 630.48 1 63048 59336 <0.0001  **
3 0.30 20 6 25 B 48.96 1 4896  46.07 0.0003 o
4 0.50 15 6 7.2 C 37.02 1 37.02  34.84 0.0006 ok
5 0.50 15 6 8.2 AB 12432 1 12432 117.00 <0.0001  **
6 0.30 10 6 41.7 AC 6.76 1 6.76 636  0.0397 *
7 0.30 15 7 39 BC 14.40 1 1440  13.55 0.0078 ok
8 0.30 15 3 318 A? 1027.66 I 1027.66 967.15 <0.0001  **
o 0.50 15 6 8.1 B 17.53 I 1753 1649 00048  **
10 0.70 20 6 20.02 5

C 25.59 1 2559 2408 0.0017  **
11 0.50 15 6 7.7 -
12 0.50 15 6 6.91 - 744 7 1.06 -
13 0.70 15 7 17.02 ERive 6.18 3 2.06 6.58  0.0502 AE
14 0.50 10 5 10.4 AN IR 1.25 4 0.31
15 0.50 20 5 9.85 svil 1981.95 16
16 0.50 20 7 10.06 R*=0.9962 RzAdj:O'9914
17 0.70 10 6 14.42

5 [P 8 )y Y=7.62—8.88A—2.47B+2.15C+5.58
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Fig.6 Response surface diagram of the interaction of various factors on the particle size of Arctium lappa L. polysaccharides
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Fig.7 Particle size of Arctium lappa L. polysaccharides
improved by surfactant
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Fig.8 Ultraviolet spectra of Arctium lappa L. polysaccharides
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