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Optimization of Phosphorylation of Polysaccharides from Chicory
(Cichoricum intybus var. foliosum Hegi) by Response Surface Method
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Abstract: Phosphorylation modification of chicory (Cichoricum intybus var. foliosum Hegi) polysaccharide was explored
by phosphate method. The conditions for the phosphorylation of chicory polysaccharide were optimized by response surface
methodology. At the same time, the antioxidant activity for phosphorylated chicory polysaccharide was still explored. The
results showed that the optimal conditions for the phosphorylation of chicory polysaccharide was as follows: Molar ratio of
polysaccharide to sodium tripolyphosphate was 1:10, temperature was 81 °C, time was 3.3 h and pH was 7.1. Under these
conditions, the content of phosphate in polysaccharides was 4.75%. The results of infrared spectrum analysis confi-
rmed that the modified chicory polysaccharides contained phosphate groups. The results of antioxidant activity test showed
that the DPPH radical scavenging rate of phosphorylated chicory polysaccharide increased by 11.28% compared with
chicory polysaccharide. In conclusion, the antioxidant activity of chicory polysaccharide could be improved by phophoryl-
ation modification.
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0.2 g FUESERZGEE 2 HEER 13 mL 192285 F 7K,
A 50 mg TREZEMES], FHINA 2 mL 0.1 g/mL 1) =R
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CZJiipH 6 7 8
DZ SRR EE /R L 1:8 1:10 1:12

1.2.5 IR el BR 2 B 28 i B i 2T 463 ) )
FEORRAUR TR AL S5 BRAG 2055 KBr IR &
Y57 R, TEIEEC 400~4000 ecm™' FEATLTLAMGRET
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SN, B TR AR S IR A0 S W AN 7 4, Wi ) B e

5 A

4

w
1

WS (%)
[’}

> 3 4 s 6
IR TE] (h)
BTS20 B TRD Xl 2 e (1 52 )
Fig.1 Effect of reaction time on phosphorus content
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Fig.2 Effect of reaction temperature on phosphorus content
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Fig.3 Effect of pH on phosphorus content
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LSRR ARG EE AR EE X Bl S R S LI 4, iR
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Fig.4 Effect of polysaccharides and phosphorylation reagents
molar ratio on phosphorus content
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Table 2 Response surface test design and results

ESEN
LR B (%)
A B C D
1 1 -1 0 0 3.4
2 0 0 0 0 4.86
3 0 -1 1 0 3.02
4 0 0 0 0 4.29
5 0 -1 -1 0 2.66
6 -1 1 0 0 3.23
7 1 1 0 0 3.5
8 -1 0 0 1 3.1
9 -1 0 1 0 3.45
10 -1 0 0 -1 3.43
11 1 0 0 1 4.21
12 1 0 0 -1 3.33
13 0 0 -1 -1 2.71
14 0 0 0 0 4.57
15 0 0 3.21
16 -1 0 -1 0 3.12
17 0 0 1 -1 2.99
18 0 1 -1 2.59
19 1 0 -1 0 3.36
20 1 0 1 3.63
21 0 -1 0 -1 2.4
22 0 1 0 1 32
23 0 0 0 0 4.73
24 0 1 1 0 3.24
25 0 -1 0 1 2.81
26 0 1 -1 0 2.93
27 -1 -1 0 0 32
28 0 0 0 4.41
29 0 0 -1 1 2.51

3 AR T 22T

Table 3 Analysis of variance of regression model

JEAR CEM AME B7 o FE PH RN

Xl 11.92 14 0.8512  20.66 <0.0001 o
A 0.30 1 0.30 730 0.0172 *
B 0.12 1 0.12 291 0.1099
C 0.42 1 0.42 1024  0.0064 i
D 0.21 1 0.21 511 0.0402 *

AB 0.0012 1 0.0012  0.029  0.8656
AC 0.0009 1 0.0009  0.022  0.8846
AD 0.37 1 0.37 8.88  0.0099 i
1
1
1
1
1
1
1

BC 0.0006 0.0006  0.015  0.9037
BD 0.01 0.01 0.24 0.6299
CD 0.044 0.044 1.07 0.3184
A’ 0.59 0.59 1423 0.0021
B’ 523 523 126.99  <0.0001
c 433 433 105.05 <0.0001
D’ 4.79 4.79 116.27  <0.0001

57 0.5768 14 0.04120
R 03631 10 0.03631 0.6797 0.7180 AW
4iiR¥%E 02137 4 0.05342

w2 12.4939 28

T ¥ FoR2E T 2 (P<0.01); *FR 25 7 35 (P<0.05) .

B SRR AL A T 25454 M. IR TE] 3.34 h,
JZ TR E 80.62 °C, 2 M 5 B R Ak iR ) AU EE R LE
1:10.29 FI W, pH7.12, FEML R B A5 F 45 ERAG =

2.0 22 2.4 26 2.8 3.0 3.2 3.4 3.6 3.8 4.0
A: BEIFTE] (h)

5 IS EE IR HO B S EAE I & B 5
Fig.5 Effect of time and molar ratio interaction on phosphate
content

W S BN 4.62% . REF LA SR A R Sk, U T —
YA TS, AR SEBR IS BUAE IE T 2545448 : )RV AY
i) 3.3 h, )R IEEE 81 °C, A SBERR iR EE /R Lk
1:10, PHHE N pH S 7.1, 45 220w & B SF ¥(E
A 4.75%, 1ZAE- SRR FINE AT, S000E T IR
AR
23 BERCAIEEKREE ST INEE ST

H & 6 AT DL H 2 W K0 Sy i 7R 1) Z2 08 1 AT
g, I FLBE IR AL RIS W4 R & AR A R AR Ak, Ui 2%
B FARLGER A AR . BEIRIL S5 BRBE B 22t Bk
BB WL 3409 em ™! RRHIT AL B9 I A -OH A9 fi
APR G, 22 IR IR fL S5 BR Ay i WA Zh BR 2 2
ZWET S ST N A 2925, 1435 em ! MiFUT AL
C-H Mg sh e, AP R NE M oigs; Horp
1651 cm™" [ 30T Ab A% M AT g 2 ik 3k C=0 % i iz Uk

165157 143575

3409.87

iR ALA E 2k

2925.40 I‘ 1342
l 1644.03
3411.38 1235.02

4000 35'00 30b0 25b0 20b0 15'00 10'00 560
W (em™)
K6 Z5BkagE 20 SRR IL A R B 2 Lo A
Fig.6 Infrared spectrum absorption diagram of chicory
polysaccharides and phosphorylated red chicory polysaccharides
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W, BRILZ AN, BEERILAEERZE 155 2 WEAE 1235 em ™! 4k
RN IR SR P=0O Sl AR AR PR BN IS, 973 em™ &b
P A SRy P-O-C S84 M Mg, X PR~ 4 1) HH B0
A SRS A AL 25 b, BRI ss Bkt 22
WAL, TSy =) iR A 45 R 24 B 220 .
2.4 WHERWEIKFEZYE DPPH BEBREBREEN ST
I 7 AT, BER A4l BR 2 T S WA — o YR
JEFEIPY, W SIS R L RO 2R, If L i,
Z BEXT DPPH [ 3 0 75 5 Rl g . TEMR R
4 mg/mL B, BERRAL S5 ER 25 15 2B A4S BRAY 15 2 hE
FOWTER RS9 56.36% . 45.08%, B L4EER 25
L BRI BRI S T 11.28%, BHH
R AS L = T 45 BR 24 B2 2 HHE Bk DPPH [ Hi 3%
FURE IO, ZBEMBT ARG PR R B I A5 A
JEPEFREA, 25 ER2 B B e s s He ek
W T A, RN T 45 BREG 12 2P LG
o 0 H AR (b 25 BR8G E 2 b SV E P LA
AN, ATy 2E— 2B RS .

100 - .
S god — diERATE L
ii —— AR LEERAY 5 S
fr 601 — V.
o]
£ 40 4
I
o
& 20 -
a
0 . . .
0 1 2 3 4

e (mg/mL)

K7 BERRIEASERS 1S 25 DPPH H HETERR R
Fig.7 DPPH radical scavenging rate of phosphorylated chicory
polysaccharide

3 #Hig

38 3 PR 2R e RIS A S A5 3R 1L
MRS ER G 15 W B T 2280 el T 2254
A B R T 45 R 2E E ZBE R BN 4.75%+
0.04%, SHEAITTIE 4.62% 2T, £14MGIE B RS
ERAG R I T SRR LA, U B A&
B, PrEATE IR LS AR, Bk b e ek &=
WL ER A B 2 HAA SR P LA LT T, FEBER L
ZER A ZWEUR I N 4 mg/mL B, %} DPPH H 3%
FIIH BRFN 56.36%, Ui BHIE i SRR AL A& i) vk e
S HE LS ER G 1 2 BB R ALTE 4, R b as kA
ZHEAE B L P B VR B S S F FT AR
AN ST o SRS 225 SRR L 45 BRAG E 2
PEAPTIRE AR . DU R AN R PR T TR A
ZEYNETE, DRI LAt R A B 2 AT
BRI R SR

SE L

[1] k2, FAL, Boie, F. LERERIR R B MA- L8032
BRaFEEFJ]. £ kA3, 2017,38(20): 83-89. [ ZHU J

X, YINY Y, WANG HY, et al. Enzymatic hydrolysis in the ethanol
solution and microwave assisted extraction technology of total gly-
cosides from Cichoricum intybus var. foliosum Hegi[J]. Science
and Technology of Food Industry, 2017, 38(20): 83—89. ]
[2] ZHU H, WANG Z J, WU Y L, et al. Untargeted metabo-
nomics reveals intervention effects of chicory polysaccharide in a rat
model of non-alcoholic fatty liver disease[J]. International Journal
of Biological Macromolecules, 2019, 128: 363—375.
[3] BIR, k&%, Bm, F. EXBEFLAERT 2GR
BT L) #7588 Rk X 5 53R, 2018,41(2): 128-132. [ XUES,
ZHU J F, MA L, et al. Orthogonal test method for screening poly-
saccharide extraction from chicory (Cichorium intybus L.) roots[J].
Journal of Xinjiang Agricultural University, 2018,41(2): 128—
132.]
[4] LIZW,DUZM, WANG Y W, et al. Chemical modification,
characterization, and activity changes of land plant polysaccharides: A
review [J]. Polymers (Basel), 2022, 14(19): 4161.
[ 5] #R4E, AP, X132 b 5 #25 Z e R IR 32 T RS 46 &
HBAERAT R[], BB AR AL A4, 2022, 68(11): 37-42. [ HAO
H, GONG M Q, LIU Y S, et al. Study on extraction, carboxymethy-
lation and antioxidant activity of sweet tea polysaccharide[J]. Shaan-
xi Journal of Agricultural Sciences, 2022, 68(11): 37-42. ]
[6] CHEN L, HUANG G. The antiviral activity of polysaccha-
rides and their derivatives[J]. Int J Biol Macromol, 2018, 115: 77—82.
(7] Zwedf, Qg 2, G, 5. LB LR BB S ¥ AL
AR AAER ] RS E T A, 2022,43(20): 117-124.
[LI X J, MIN S B, CAO K H, et al. Selenization modification and
antioxidant activity of Dendrobium devonianum Paxt. polysaccha-
ride from Longling[J]. Food Research and Development, 2022, 43
(20): 117-124. ]
[ 8] CHEN L, HUANG G. Antioxidant activities of phosphorylat-
ed pumpkin polysaccharide [J]. Int J Biol Macromol, 2019, 125: 256~
261.
[9] FENG H, FAN J, LIN L, et al. Immunomodulatory effects of
phosphorylated radix Cyathulae officinalis polysaccharides in im-
munosuppressed mice [J]. Molecules, 2019, 24(22).
[10] B4, BT A, B £, . CHBALEA $ 4SRRI LM
(J]. ¥ 5 A 4 T 42,2022,39(7): 21-25. [LUW, CHEN Z L,
LIU S M, et al. Optimization of synthesis process of acetylated poly-
saccharide from Polygonatum odoratum (Mill.) druce[J]. Chem-
istry & Bioengineering, 2022, 39(7): 21-25. ]
[11] XIA S, ZHAI Y, WANG X, et al. Phosphorylation of poly-
saccharides: A review on the synthesis and bioactivities[J]. Int J Bi-
ol Macromol, 2021, 184: 946—954.
[12 ] HUO N, AMEER K, WU Z, et al. Preparation, characteriza-
tion, structural analysis and antioxidant activities of phosphorylated
polysaccharide from Sanchi (Panax notoginseng) flower[J]. J Food
Sci Technol, 2022, 59(12): 4603-4614.
[13] WANG J, WANG Y, XU L, et al. Synthesis and structural
features of phosphorylated Artemisia sphaerocephala polysaccha-
ride[J]. Carbohydr Polym, 2018, 181: 19-26.
[14] LIN L, YANG J, YANG Y, et al. Phosphorylation of radix
Cyathula officinalis polysaccharide improves its immune-enhancing
activity [J]. Journal of Carbohydrate Chemistry, 2020, 39(1): 50-62.
[15] #Awek, (2R, AR, 5. 2 E BB RIS h R 1L
REAEBRA ], RS, 2022,47(2): 215-220. [ HU X B,
WANG X M, WANYAN H Y, et al. Phosphorylation modification
and antioxidation activity of polysaccharides from mulberry[J].
Food Science and Technology, 2022, 47(2): 215-220. ]


https://doi.org/10.1016/j.ijbiomac.2019.01.141
https://doi.org/10.1016/j.ijbiomac.2019.01.141
https://doi.org/10.1016/j.ijbiomac.2018.04.056
https://doi.org/10.1016/j.ijbiomac.2018.12.069
https://doi.org/10.1016/j.ijbiomac.2021.06.149
https://doi.org/10.1016/j.ijbiomac.2021.06.149
https://doi.org/10.1016/j.ijbiomac.2021.06.149
https://doi.org/10.1007/s13197-022-05539-5
https://doi.org/10.1007/s13197-022-05539-5
https://doi.org/10.1016/j.carbpol.2017.10.049
https://doi.org/10.1080/07328303.2019.1700996

- 206 - £ Tl B4

2023 4F 12 A

[ 16 ] CHEN F, HUANG G, YANG Z, et al. Antioxidant activity of
Momordica charantia polysaccharide and its derivatives[J]. Interna-
tional Journal of Biological Macromolecules, 2019, 138: 673—680.
[17] HUH, LI H, HAN M, et al. Chemical modification and an-
tioxidant activity of the polysaccharide from Acanthopanax leucor-
rhizus [J]. Carbohydrate Research, 2020, 487: 107890.

[18] XIEL M, SHEN MY, WEN P W, et al. Preparation, charac-
terization, antioxidant activity and protective effect against cellular
oxidative stress of phosphorylated polysaccharide from Cyclocarya
paliurus[J]. Food and Chemical Toxicology, 2020, 145: 111754.
[19] HU S, SONG L, PAN H F, et al. Thermal properties and
combustion behaviors of flame retarded epoxy acrylate with a chi-
tosan based flame retardant containing phosphorus and acrylate struc-
ture[J]. Journal of Analytical and Applied Pyrolysis, 2012, 97: 109—
115.

[20] FRE L, XA, AT, RAL 9 B BRACHS 46 & 2 S g
Ao )], Ak s fh, 2017,25(3): 65-69. [ ZHANG X H, LIU
L N, LIN C W. Study on phosphorylation modification and immuno-
competence of pectin[J]. Science and Technology of Cereals, Oils
and Foods, 2017, 25(3): 65—69. ]

[21] =% mRABSRERE W R F N OB EAL BN T LR
[D]. & F:/ % K %,2017. [REN Q. Study on preparation and
application of clarifier for chitosan phosphate ester sugar[D]. Nan-
ning: Guangxi University, 2017. ]

[22] Kby, THe, 4k, . N-T2 VAR ARER 3k 7o RABAT £ My 0 i
i e mAEAET]. B R K4, 2004(2): 33-37. [ ZHANG C,
DING Y, YANG B, et al. Design, synthesis and characterization of
N-methylenephosphate chitosan derivatives[J]. Chinese Journal of
Natural Medicines, 2004(2): 33-37. ]

(23] &g Bmioss LAt ey M Bkt 72 (D], %
M. 4% M K F, 2019. [ CAO W Q. Construction and performance
study of phosphorylated sugar fuel cells[D]. Yangzhou: Yangzhou

University, 2019. ]

[24] SUFLET DM, CHITANU GC, POPA VI. Phosphorylation
of polysaccharides: New results on synthesis and characterization
of phosphorylated cellulose[J]. React Funct Polym, 2006, 66(11):
1240-1249.

[25] FRZ. FUBRILARE MRS S BB B ACE I & 4 AT R
[D]. &% &7 IFSE K3, 2012. [ XINL Y. Study on phosphory-
lation and biological activity of extracellular polysaccharide from Lac-
tococcus lactis[D]. Nanjing: Nanjing Normal University, 2012. ]
[26] FAF4, #H#5a6, R3%, . 3E S sS4 T ¥ 2 3L
FEMFRT]. % R T FRFR, 2018,32(5): 106-114. [JIS
T, XIE J R, ZHAO P, et al. Phosphorylation modification process
and antioxidant activity of pine mushroom polysaccharide[J]. Jour-
nal of Changshu Institute of Technology, 2018, 32(5): 106—114. ]
[27] kK93, F 8K, K. T % RAKTR RAEBEBR AL 46 BT 1L
(7). & & A+ 3%, 2018,43(4):277-282. [ ZHANG M J, L1 J B,
ZHU J. Study on phosphorylation modification of fructooligosaccha-
rides from snow lotus fruit[J]. Food Science and Technology, 2018,
43(4):277-282. ]

[28] CAO Y Y, J1Y H, LIAO A M, et al. Effects of sulfated,
phosphorylated and carboxymethylated modifications on the antioxi-
dant activities in-vitro of polysaccharides sequentially extracted
from Amana edulis[J]. Int J Biol Macromol, 2020, 146: 887—-896.
[29 ] PENG Y, BAI X, XU H, et al. Phosphorylation, characteriza-
tion, and antioxidant activity of polysaccharides from Flammulina
Velutipes scraps[J]. American Journal of Biochemistry and Biotech-
nology, 2022, 18(3): 279-288.

[30]) &, &A&, k9, RAF. £ SBBBASIG T LA
(0. A K5 A AA 3 43R, 2013,30(5): 664-670. [LIY,
QIAN C, GUO M, LIANG D J. Study on the technology of phos-
phorylation modification of lentinan[J]. Journal of Natural Science
of Heilongjiang University, 2013, 30(5): 664—670. ]


https://doi.org/10.1016/j.ijbiomac.2019.07.129
https://doi.org/10.1016/j.ijbiomac.2019.07.129
https://doi.org/10.1016/j.jaap.2012.06.003
https://doi.org/10.1016/j.reactfunctpolym.2006.03.006
https://doi.org/10.1016/j.ijbiomac.2019.09.211
https://doi.org/10.3844/ajbbsp.2022.279.288
https://doi.org/10.3844/ajbbsp.2022.279.288
https://doi.org/10.3844/ajbbsp.2022.279.288
https://doi.org/10.13482/j.issn1001-7011.2013.05.010
https://doi.org/10.13482/j.issn1001-7011.2013.05.010
https://doi.org/10.13482/j.issn1001-7011.2013.05.010

	1 材料及方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 结球菊苣多糖的制备
	1.2.2 磷含量测定
	1.2.3 结球菊苣多糖磷酸化单因素实验
	1.2.3.1 反应时间对磷酸化修饰效果的影响
	1.2.3.2 反应温度对磷酸化的影响
	1.2.3.3 pH对磷酸化的影响
	1.2.3.4 多糖与磷酸化试剂摩尔比对磷酸化的影响

	1.2.4 结球菊苣多糖磷酸化响应面法优化工艺条件
	1.2.5 磷酸化结球菊苣多糖的傅里叶红外光谱的测定
	1.2.6 DPPH自由基清除能力试验

	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果
	2.1.1 反应时间对磷酸化的影响
	2.1.2 反应温度对磷酸化的影响
	2.1.3 pH对磷酸化的影响
	2.1.4 多糖与磷酸化试剂摩尔比对磷酸化的影响

	2.2 结球菊苣多糖磷酸化工艺优化结果
	2.2.1 响应面试验设计及结果
	2.2.2 响应面试验的交互作用分析
	2.2.3 模型的优化及验证实验

	2.3 磷酸化前后结球菊苣多糖的红外光谱分析
	2.4 磷酸化结球菊苣多糖DPPH自由基清除能力分析

	3 结论
	参考文献

