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Influence of main hydrothermal extraction factors on structure of
polysaccharides from Chaenomeles sinensis
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ABSTRACT: Objective To optimize the hydrothermal extraction conditions of Chaenomeles sinensis
polysaccharides, analyze the composition and structure of insoluble polysaccharides. Methods The polysaccharides
in Chaenomeles sinensis were extracted from the samples by hydrothermal, then filtered, rinsed and concentrated to
obtain the insoluble polysaccharides, the alcohol-precipitated polysaccharides and the alcohol-soluble
polysaccharides, respectively. The composition and the structure of the insoluble polysaccharides were analyzed by
Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), and X-ray diffraction (XRD).
Results The optimum conditions for polysaccharides extracting were 150 °C/45 min and the ratio of material to
liquid was 1:10 (g/mL). Temperature had a great influence on the extraction effect of hydrothermal method. Properly
increasing the temperature, extending the extraction time and reducing the material-to-liquid ratio are beneficial to
the extraction of polysaccharides. Furthermore, high temperature could promote the dissolution of hemicellulose, but
could not degrade lignin and xylan, and the insoluble polysaccharides extracted at different temperatures had the

similar structures. The hydrothermal extraction of papaya polysaccharide did not change the functional groups of the
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polysaccharide, but only changed the chemical composition of the polysaccharide. Conclusion This study can

provide experimental basis for the study of structure and function of Chaenomeles sinensis polysaccharide

KEY WORDS: hydrothermal; Chaenomeles sinensis; polysaccharide; fourier transform infrared spectroscopy;

X-ray diffraction

il

0 5

TEAIK, EHFAE, AR, AREN, AL
M. W, QARG REE, SETESH. ORI,
i £ 4R S5 S e A AY, PTG R SR
RERC KL R REE R S AR IR A R, HHEE
PIRATHUI . BUMRE L AR . SR
SEA IR LUAR, £F4E R AR T Yy B v, ARESE£L,
BCHIN 7 B A BR TR WS A BO™ bk, IR 8
01 B ARG ity S AR BCHC T E R X0 016 Bz A TR B8 1 ) 41
e H T

JK B R T AR T 28 B K P I, AR ARG
R IR, R A Y BN Y O O LA, R
AR IR AT MRS AR BO Y TER R A, KGR E
R AR, BACAIAS, EARTE . KWK R
AN R S AL TR AT S TGS K AR A L
FUREEC:, o KR B A DLV TR, O T e 3B );
FHHERAOK IR B, K B m] i e 7 s ik P2 A8 500 9 I
ESE Sy NN vdr R PSP PN N NG g
M E LB BRI YRR, RSP BCR, HREfE
Ml SER A A ARTE, (8 TS24 s alife ™

BRPE IR AT ARIRZ £ 7R, HOBR AR
JB, s, HREAN, ERHE, aFEAmez
MATEZ O, SR L Sk, BRI AR S48 X
Z RO ER T i E o ST AT LA FK £
RIS L B AR ZHE, LI Z, RIE#
PR 1) T2 2 R R SR B (9 SR ZS A 5, A
B AR Z B 46544 55 D REDE T S I Se i dle, o Bevl
FHDE AR RBH IR 228 AR BT 2%

1 MRERFE
1.1 M5
JERARE: MK G 22 B 13 9T B R SR 47 A A 5 iz AR
WH: 2, HER. MR, SEih. PREY S
Mrali, WA E25E A A BRAHE .
1.2 FEMNHREE
HH-SJ2CD B R #E 1B FEHE 8 (N T 435 A B AL
FRIFTHT); RES200 JEFE 728 &AL (I 22 AR AR AN RR T );

FTIR-1500 {37 AR 2T SRS AL (v IR se B % e ey
FBRAFD; BTX I X FHERATH AT AR BRI R X
23tt); STA-449C [a] 25 A3 BT (S (st 1l i it A S8 il i A PR
Fl); JSM-6700F ¥ ¥ B (H A X &),
ICS-3000 /4 #5 T SAR Es A (36 E A & vl o
1.3 5 %
1.3.1 BAHHRALE

EATEREE A . Y. O, Bi)E 40 B,
KRN B RA TR (A ZBE=2:1, V/V)YT(60 £2) °CL R
WHETE, SRERERRUE T
132 $ABRR

B 10 g BACERAIRESLT 350 mL Mt i, IAZEIK,
HCATHAA R, TR SEHER R 20 min, FH3E, LASHTTHARAIIE
1AFRi# (solid residue, SR, FELRAFEFEZHM. H 200 mL Zi5%
Kk SR 3~5 1K, SRIGEIFIE, 5T 52 cChlEH4s, ALY
3~5 ERFRIN 2B, VKAE 4 °CHFEL 12 hot b —DHR RIS 3 i
Ui¥l(precipitation A, PA, EELRBTZMDH 75% M FEHE 3
K, TEEAY)(precipitation B, PB, TEEIHALMN HIET 45 °C
TR BTSSR PA | PB T(105+2) °CHtZ R,
PR AT

Y, = 00w
Wy(1-Y,,)

o Y, IR, wiYe, W, Ry W, g We WIERHT R, g;
Yo AR K, wiYeo
1.4 ZHEEMRIE

BB FAc e A, B 4~6 mg FESh, I 72%8iR
0.125 mL. #2tiZK 1.35 mL, 105 °C/KAREUN 2.5 h, A% 0.5 h
B, sk 1 kM ROV SR, ROVIRAH . 110E, Kk
WRAERE 30 £, EBS TSR

LIHMEERI . S8R AR 4 em !, FHEXEL 16, £
HHEFE 4000~4500 cm™,

PSS, AR TIE SR FEAL P4, e, I
RN, 7 30 kV HISEEAL FHOK 1000 F500EE .

X SRR T, BHCR: Cu-Ka FEEHIE, B 40 mA, &
JE 40 kV, FEHEERE 12 °/min, FHEFER 5°~38°, 24 0.013°, =
o SR MZS SRR U

Cri = L002 = Lamr
Too2

A Too 24 002 SR 21.5° RIS AR, Ly ATE
16.8° BTl 4 i .



2396 1% A T R A

12

1.5 BBPARRZSEMNE

BU5 g SR HH, Ml 100 mL PR320 ¢ IRAL To5kidt =
FEZET 1 LAY 1 mol/L H,SO4), 10 min P INHEAZ il i 5 0]
Wi 1 h, BEUSHIE, 1 SR B ELF, i 72% H,S0, EiRE
44, 15 °CIHAL 3 h, #TUEM, Z&0M/KBE 2 F1)E 100 °C
BT, W&, . fa, AT 550 °ClAk, B4, )
&, IMREARR A,

2 HRE5HR

2.1 REEHSHEXEYEENTM
2.1.1 REEE

SUREERE EE A 1:10(g/mL), SRRk 45 min, SN iR
FEAYBIBEE A 105, 120, 135, 150, 165 °CHFIAE 3 R4
PR, BRI NIRE (R, S5 LA 1, SR 15K BEIRE T}
ERT R, IR IRF] 150 °CH, SR 75 % [ 3 f Ik i
61.08%; PA 1 PB 15 Z kL B FH =y i3, 243k 150 °C
B, PIEAFRER IR RME, 430000 14.8%F1 23.1%. AT,
F AN YR | ARG IR T e & M,
IKIETEZ SR T R, X5 SAMAVATI M2 iF 54—
e MR T 150 °CH, AR5 FEAIE B KM o n]
A PH Ay FREE LSV M A5 AR i sk s 261, M filf SR 15
FA BT PA BT BK SR, 195 R, PBARRRIAY T
R SR AT, e ml (o 220 A Vs i B A Bt O
(R 22— AR e RIS B 454

. = SR
70 e PA
* . + PB
-
< 60 | .
= 1 i .
R 20} '
S osp s .
L 4 s °
10+ & .
5 ;;;;;;;;;; 1 1
100 110 120 130 140 150 160 170
R E/°C

1 SRIBOR BRI & T3 1525 132 1R (n=3)
Fig.1 Effects of extraction temperature on the yield of each part of
the extracted product s(n=3)

2,12 REAFIHE

FUNERR G A 1:10(g/mL), SERRE K 135 °C, SO
[ 4 E R 10, 25, 45, 65, 85 min HHlIE 3 Fip=4is
B, BETN R A R2 e, 255U 2, SR 1525 lA ] LE 4
M N R T PA f8RHI, 16 45 min FHARIEK, ZF%E
FF%; PB SR R %, {A1E 45 min JFWATHEIN, W HERH
F PA FEfR-F:30 RItar A, SR [RIE T i 2 A AN

g ey, (HIN TR N PA A%, AL PB, X5
LIU S0 R — B0, K 1a] S S B s T (4 o
LUK ) BRI B R, SEUKIE VR IR R
TR I

= SR
70' " o PA
. a 4+ PB
- L]
\060-
£ L
S .
20t * + .
£ L
10 4 d j ‘
L]

0
0 10 20 30 40 50 60 70 80 90
5[] /min

Ve 2 BRI [E]X S I 45 8 015 3 B R IR (n=3)

Fig.2 Effects of extraction time on the yield of each part of the extracted
products (n=3)

213 RIARIL

SBEEE A 135 °C, JCREINE] 45 min, SRR H
SIARREE 1:5. 1:10, 1:15, 1:20. 1:30(g/mL)RE 3 Fir
PR, BRIORRRE I, A5 ILE 3. BRI 155
FEZ 1:15 I, SRAGREEFEAR, PA R 0eimn k. K
it B 7K RN YA 1) RE AR L N TR, 2 W A
21 AR K SR T R AR FR s A BB )
NARZRBERE H/INT 1:15(g/mL)BE, 25BN, 2
AR B R, HFRA W B .

= = SR
70t e PA
.- - PB
- I
© 60| - .
~ A A
] o [ . -
Tl i
15 | .
- . ps
0l .
5 [ N

1:05 1:10 1:15 1:20 1:30
Ratio/(g/mL)

3 SRIBURRR LSRR 4 SR MBI R (n=3)
Fig.3 Effects of the ratio of material to liquid on the yield of each part
of the extracted products(n=3)

25 BT, AR K BOESR O B2 AR K 2 8510 B A3 %,
MR 2518k 150 °C/45 min, BHE L 1 : 10(g/mL).
IKPIARIC WIS, BHR R0 R B R R, W
I REIE T YR MK R LT e K, T g
BUSCR AR EE R, WRBRAZE SRR I 8UL G



46

B KR T EHR HUN R XDE B TN B #1520 2397

IR R e
2.2 RBURE S L R & AR R0
221 TEVREFTIF NG LR,

ANTRI L BE e A5 7740 B - TR B T VA 2 )5 R
HRR AR L 1o R 1 AL, AR R A IUE R
tri i 2 MR, E5iA 47.92%, ZOKPGENIRS, FEAETE
T, HREAENRE S s 4R, 7E 150 °CTF Al &
62.19%, A[UL, 7E 120~150°C/AKBGEALFRT, e AR A
BAILT A S H AW T — R R BB . IEAh, B AR 2y
T 17.5% M BT E A AR, AT e K AR, TR PA
TR S, YRR AW R, K e A
R R 0 £ 4 3RS R b BT RA b
1 Bk, RS BURE RWITE R, SR AP BRI TS &
B 1638%REEZE 5.21%, [EE PB H i BTHL{A B M
5.02%Jt =5 35.45%, LFHEM S AR AE R IR AT AT IROK
Wik, 2 St e R AR & R ks, SergE R
Sy o LV SIS 1 K S SRBUR I Z B 5T 2 B,
B R X BT RAA A S & A K R TR R L N o TR, PB
FR TR A AR IR g5 ] BE A AR 4R 2 BB AB AN PB AYSE1L .

F 1 TEHRBURE PSSR EK (%)
Table 1 Composition of polysaccharide products obtained at
different extraction temperatures(%)

222 TREIREFIBEREORRELE
ANENEE TSR f A R 2 A UL 2, AT, ki
AR S R HEBORE TR M ok, S 120~150°C
TRIGEAL PN AT 2R IR BRI AN 7 o
T2 AEREBEBEEFRESRIENAKREZESE

Table 2 Lignin content of residue obtained at different
extraction temperatures

PR PC 150 135 120 okt

AR/ % 28.74 24.62 20.42 14.58

R FEHUREEC A
150 135 120 JsURE
SR 521 9.14 16.38
e A (sl PB 3545 18.79 5.02 17.56
PA 39.74 40.08 3338
SR 5.80 5.04 6.56
U PB 291 3.86 1.86 736
PA 13.02 1291 10.35
SR 17.95 14.58 14.25
N PB 52.94 67.15 82.18  17.65
PA 10.94 12.61 15.74
SR
AHE PB
PA 4.64 3.81 2.68
SR 62.19 61.73 58.24
AN PB 8.29 8.28 998 4792
PA
SR 332 271 2.67
HEat PB 0.47 1.98 1.02 5.96
PA 3.02 243 3.06
SR 5.57 6.90 1.92
PR PB - - - 3.55
PA 28.69 2725 3478
SR N a8

223 AFVREATIFHRE RBLIA S 4549 FT-IR 947

JER AR SR LLAM IR/ Hrin &l 4 F1 572K 4 h, J5
R LR TR, 1739 em™ A1 1022 em™ A 4R 4k Mzl
W3 2 T/ N, 150 °CATRS 28 1719 em™' Ak, XU 2F
YR AL R R R S T AR SR, FURRE RS, e
Y ZOK TR O, MR 150 °CCREBISCETR 1514 cm™' 400K
WU Py B AR A T R, S 1k K BRI SR HR R IR R 5 i
OISR B, TR OR R 02 £F 4 2 A K T B i v ]
JEBR, T SR WA R & EAIRA Ik, i K Hgm
AR POR R AR, X5 FIRBIS 2 RS
TE 150 *CIRIEMEZ IR, HALT 1246 cm™ AR TR
BRSO TP 2 AT R, KA TRLEE feg B T AR J5 2 R A
KA PRI B SE AL B 0 k45 R, 1439 . 1367 1 1105 em™!
JURR 27 4 25 0 F L8 iR 20 L P4k 2h A C-OH B 284 3l
PR VR AT U 5 AR A S A B S, 1 /K T ARG A T A i
JBRH LT 4 2, KR4S 1030 e FFHUT 3 21 AR AT I8 g i ] 267,
SR HIREBEE R, 7E 135 °CHIl 150 °Chkitth, mfiT
895 cm™" AR AFRAE IR GO SR BT A1, SRR Ak B ] B
DL BSR40 777 e RIS R, RERL R A D
T @EWEE. K50 1745 cm™ #1615 cm™ IR B
=R S A BEEERRPY . 1097, 1017 1920 ecm™ JUAL
AR I AT e 28 T s B A TR 220 2 A - IR, 829 cm™!
A S 3 I EL P A D B B-HR

120 °C

Wi 7

5 I'12
1609
'\/\/f/ A 1320105
; 03
i 17191514

3000 2000 1500 1000
W /ecm™!

K4 AFRFEBUREAUS SR AIZIAMELE
Fig4 FT-IR of SR treated at different extraction temperatures



2398 S sl i = F12&
S0 f‘f Sl FAEE IR B R R, 1055 15 N B T
—\//‘ "\/W SEAEAE A B A TR AT 24 3 RGO THE45 X A TR AT A 2,

TEAE TR AT LR v 0 2T 48 26 TV T, R T 264078
- 13°¢ R TR 12,
g ‘ ‘ 1243 1800
3357 1439 1017
120 °C 829 1600
347 : 1611%20 1097 = 1400
v = 1200
2 1744 920 E? 1000
3000 2000 1500 1000 B 001

PE/em™!

K5 ANRFEHURBEANIE PA FIZLAMNENE
Fig.5 FT-IR of PA treated at different extraction temperatures

25 [, ARHEBUREAN IS SR Fl PA HIZIAMBISCEHEIE
P EFRL, SEARE, UK BGEIRBOLE AR RN 28
ZHE IR AR b, N 2= .
224 RRVREFIAFRE A SEM 447

XA RS T Fifs SR MR WESLHEAT SEM WigE, n]
A1, SR ORAEFE RERIBGR B /) T = i =, [R] e gk ok
BRI R o KA PR3 AR BUSURAR S, P RER I 23k
Bt BEE(E 6).

#: A-Raw B-120 °C C-135°C D-150 °C,

Ko ARG UL

Fig.6 SEM of the residue treated at different extraction temperatures

225 ARRLREFAFREH XRD 547

SR i N Y s S LNy VAR | B - A e 0] a3 4
RPN H R [ BRI E AT A5k i R UL v 4 4 3545 R Y
AR 7RI, FERTHEIIAE 20=21.5° 16.8°F 34.5°4L,
H 22.5°4bfir st tienm, X ULBHEF4ER 1 S AT I 0 ks
B Segal AT, SR ARIGRH P F 4 R W4 dhE
16.72%, AS[RIRLEE A 7K A b L5 45 4 28 A 45 & BE 34 38
(£ 120, 135 F1 150 °CIFE5 4> B0 21.84% . 26.21%F
22.15%), Uk HH K P B8 AR AR T 18 AL I~ 4R 4l 38 FIR 3
%, BTSN L4ER TR, P4 5455 B AR R

600
400

5 10 15 20 25 30 35
26/deg

7 AFEEBGREEIEFRE Y XRD 4347
Fig.7 XRD analysis of residue treated with different extraction temperatures

AHIFE I K SR SR O AR, SR FBEIOEE T
B Z B K P 4y AT aliAk, IS 45 RN Xt =4
523 1) S ) S A [) B B B o P W 2L R S0, Xl Je
AR HME S I REAR AT 0 . AFC R, e AR Z
BERBURAEL 450 150 °C/45 min, FHE L 1 10(g/mL);
K BRSSO X Z R USRS AR, 3 2 T s R
T . AR AR IS A] R S U LA F 2 WG 4
R PR IBOI S BB L i F 2T 4E R Vi, HCIE AR BT R FIR
RWERE SR, BRIBOREE Xt B A TR W 2540 TP TR

EEPES

[1] HAMAUZU Y TAKEDACHI N, MIYASAKA R, et al. Heat treatment of
Chinese quince polyphenols increases rat plasma levels of protocatechuic
and vanillic acids [J]. Food Chem, 2010, 118(3): 757-763.

[2] JANG MS, PARK JE, PARK HY. Formulation optimization of salad
dressing added with Chinese quince (Chaenomelis sinensis) juice by
mixture design [J]. Food Sci Biotechnol, 2011, 20(2): 409-417.

[3] ZHANG LH, XU HD, LI SF. Effects of micronization on properties of
Chaenomeles sinensis (Thouin) Koehne fruit powder [J]. Innovat Food Sci
Emerg Technol, 2009, (10): 633-637.

[4] KIM H, LEE JS, YUN CY et al. Chinese quince (Chaenomeles sinensis)
extract inhibits cell migration and cytokine release in HMC-1 cells [J].
Food Sci Biotechnol, 2013, 22: 501-506.

[5] (PfEARE) i Z bis. PHEARRCEIE) M), i BiRH
A AL, 2002.

The Editorial Board of Chinese Materia Medica. Chinese materia medica
(Vol.4) [M]. Shanghai: Shanghai Scientific & Technical Publishers, 2002.

[6] RIEMR, Tk, T AIRESLIATER A E )], EPE KR, 1996,
27(4): 190-192.

WU TJ, ZHANG H. Botanical oringin and morphological identification of



46

B KR T EHR HUN R XDE B TN B #1520

2399

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

Chinese traditional drug mugua (fruit of chaenomeles) [J]. J] West China
Univ Med Sci, 1996, 27(4): 190-192.

MR, HKZE, FAE, & KPR SRR I EAR,
1996, 11(2): 193-206.

SHI EW, XIA CT, WANG BG, et al. Development and application of
hydrothermal method [J]. J Inorgan Mater, 1996, 11(2): 193-206.

ZHAO CA, YANG RFA, QIU TQB. Ultrasound-enhanced subcritical
water extraction of polysaccharides from Lycium barbarum L [J]. Sep
Purif Technol, 2013, 120: 141-147.

TEO CC, TAN SN, YONG JWH, et al. Pressurized hot water extraction
(PHWE) [J]. J Chromatogr A, 2010, 1217(16): 2484-2494.

SRR, HRZE. BRI ML O R AR SR A 0] PEAEk
A2, 2005, 14(4): 106-109.

ZHANG JX, DU SK. Analysis of nutritional components of chaenomeles
sinensis (thouin) koehne from the different regions of Baihe county [J].
Acta Agric Boreali-occident Sin, 2005, 14(4): 106-109.

AL OCEARIR A K I BAIARIRBE 53 85 . A5A0 FAE K0 DTS
[D]. #BM: EBIH K2, 2017.

WU M. Separation, structural characterization and application of
water-soluble polysaccharide and hemicellulose from Chaeomeles
sinensis [D]. Zhengzhou: Zhengzhou University, 2017.

SAMAVATI V. Polysaccharide extraction from Abelmoschus esculentus:
Optimization by response surface methodology [J]. Carbohydr polym,
2013, 95(1): 588-597.

ALVIRA P, TOMAS-PEJO E, BALLESTEROS M, et al. Pretreatment
technologies for an efficient bioethanol production process based on
enzymatic hydrolysis: A review [J]. Bioresour Technol, 2010, 101(13):
4851-4861.

LIU HM, WANG FY, LIU YL. Hot-compressed water extraction of
polysaccharides from soy hulls [J]. Food Chem, 2016, 202: 104—109.

ONG ES, LEN SM. Pressurized hot water extraction of berberine,
baicalein and glycyrrhizin in medicinal plants [J]. Anal Chim Acta, 2003,
482(1): 81-89.

TEO CC, TAN SN, YONG JWH, et al. Pressurized hot water extraction

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

- |

(PHWE) [J]. J Chromatogr A, 2010, 1217(16): 2484-2494.

LV X, YAMAUCHI K, PHAIBOONSILPA N, et al. Two-step hydrolysis
of Japanese beech as treated by semi-flow hot-compressed water [J]. J
Wood Sci, 2009, 55(5): 367-375.

BIAN J, PENG F, PENG P, ef al. Isolation and fractionation of
hemicelluloses by graded ethanol precipitation from Caragana korshinskii
[J]. Carbohydr Res, 2010, 345(6): 802—809.

SUN R, LAWTHER JM, BANKS WB. Fractional and structural
characterization of wheat straw hemicelluloses [J]. Carbohydr Polym,
1996, 29(4): 325-331.

GUPTA S, MADAN RN, BANSAL MC. Chemical composition of Pinus
caribaea hemicellulose [J]. TAPPI J (USA), 1987, 70: 113-114.

NA YS, KIM WIJ, KIM SM, et al. Purification, characterization and
immunostimulating activity of water-soluble polysaccharide isolated from
Capsosiphon fulvescens [J]. Int Inmunopharmacol, 2010, 10(3): 364-370.
HAN Y L, GAO J, YIN YY, et al. Extraction optimization by response
surface methodology of mucilage polysaccharide from the peel of Opuntia
dillenii haw, fruits and their physicochemical properties [J]. Carbohydr
Polym, 2016, 151: 381-391.

CETINKOL OP, DIBBLE DC, CHENG G, et al. Understanding the impact
of ionic liquid pretreatment on eucalyptus [J]. Biofuels, 2010, 1(1): 33—46.
XIAO LP, SUN ZJ, SHI ZJ, et al. Impact of hot compressed water
pretreatment on the structural changes of woody biomass for bioethanol

production [J]. Bio Res, 2011, 6(2): 1576-1598.

(FriEshih: $huxin)

Bat B, 5I%E, TEHRSE
g FRAETRSSEEARN.

E-mail: gehanjing1981@163.com
A

AN
\\/

57



