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Abstract: In this study, single factor experiments and response surface methodology were used to optimize the conditions for
ultrasonic-assisted enzymolysis extraction of polysaccharides from the raw material, Guangdong Chinese yam (CYP-UE). Then, the
physicochemical characteristics (such as monosaccharide composition and molecular weight) and antioxidant activities of the Chinese yam
polysaccharides obtained by ultrasonic-assisted enzymolysis extraction (CYP-UE), hot water extraction (CYP-H), ultrasonic-assisted extraction
(CYP-U) or enzymolysis extraction (CYP-E) were compared. The results showed that the optimal ultrasonic-assisted enzymolysis extraction
conditions were: cellulase, 8,000 U/g; pectinase, 4,000 U/g; papain, 8,000 U/g; enzymolysis temperature, 60 ‘C; enzymolysis time, 90 min;
ultrasonic treatment temperature, 63 ‘C; ultrasonic treatment time, 48 min; ultrasonic power, 234 W. Under the optimal extraction conditions,
the extraction yield of CYP-UE was 15.26%. CYP-UE had the highest yield and reducing sugar content (29.88%) among the four
polysaccharides. The four polysaccharides had the average molecular weight distribution from 4.50 to 10.20 ku, and were mainly composed of
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glucose, galacturonic acid and galactose. CYP-UE had the smallest molecular weight (4.50 ku) and the highest percentage of glucose (96.48%).
The four polysaccharides showed the characteristic absorption peaks of polysaccharides, and possessed good solution stability and solubility.
The four polysaccharides had different antioxidant activities, with CYP-UE having a higher iron ion reducing power (17.08 pmol FeE/g DW)
and a higher ABTS" radical scavenging ability (ICs,=2.42 mg/mL). Accordingly, the ultrasonic-assisted enzymolysis extraction can be used to
prepare Chinese yam polysaccharides with a high yield and high activity.
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PR IO e LR A 95% kG (VIv) [BlRR 2%
INFRE, AR HETASENE L A
1.3.1.2  MELZPERSEEUR A2 %

PLEF4E RN INE 6 000 Ulg, RIS
6 000 U/g, AJNEHEFEINE 6 000 U/g, FfiE 80 min,
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Table 1 Single-factor experimental design
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4000 r/min £5.C» 10 min JEUWEEDTE . FTGK CREHER
DUETIRIG, Il AZERK R IR B EE — e,
BV R R v L Lok 2
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Fig.1 The effect of single factors on the extraction rate of polysaccharides from Chinese yam
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2 ZR5WL

2.1 BafR-RE BN RIEL % M6 T EARAL
211 ¥BEZR 554

Pl it 8 7 A B BRI L 22 W 1 B DR R S B 2 IR
Wk 1 F7R. B 1a AT AN, TELT4E BN N R,
SR Y R BN I = R T s, iR
KT 8000 Ulg f5, ZHiFZHRIAH] 13.19% /5 A FR3E
i (P>0.05). FIREMR 2 4 41 4 3B Pk 2]
8000 Ulg J&, MR CEAEIBAIRES, N2 iERR
Rt B I R i & AR AR, R, %
SRR I RN INE Y 8 000 U/g. 4l 1b A1 1c f
Ny SRBEEEANA AR IR 1L 22 A5 (1 5 ma i 3
FAAL,  EPREE RGN, 2SS R
1Ko S RIRBERINEA 4 000 U/g I, HEHERERE
9 12.90%; 4R NE FBEFIEINE N 8 000 U/g I,
H PR E =N 14.87%. BRI B R BB I &
4000 U/g, AJINEE AR &Y 8 000 Ulg. BEARIGEF
BT (DT L 2 B R e ] 1d A0 e, 7E
45~60 CIEHIN, 2 WEfS 3 R B AL T S 3
I, 4EERERE KT 60 Cla, ZHIERILEERL

(P>0.05), HAFKIES, DHIGHh e B AR

60 C. 7E 60~100 min P, ZHEFF3BEAE BT [A) 13
I AT, AEGARR AR T 90 min J5, ZHEER
TERFMEEIN (P>0.05), HUEHEEAE ]y 90 min.

B 1E 050, YA /NT 60 CHY, Bl
PR A, ML Z SR B 10.89% 1N £
14.11%; SBAREBT 60 CJa, HLZHER
BEAIG, MOEEGE S IEHGR N 60 °C. I 1g Tk,
TEREFS 60 min P, V1L 25 B 156 25 1 7 B[R] P34 o
M (P<<0.05). 4R EIK T 50 min J5 2 HE1S
FIFA B EMERIN (P>0.05), F£HZ5E 50 min [l
FRLER, JERAHIMEL 2RO, IR 2 R
K 14.73%, WOEBGE R A EER A28 50 min. HE| 1h
ALY, VL 22 WEAS SR I FE T E () 3K I e N e
BEA IR ds . JLJRDR T RE A 7R 75 D) R K, S
ARV DAEIAE L A sE, (R 2 PEE T, s b
BRDL R TRGET 250 W I, KRR R 1
Mgt SR TR, RmBERAERT
BI20T, R 3S HE 7 9 TR A 250 W
212 AR EERENHT

SR A V5 o 2 T S 60 45 BR] 3R K1 BT IR
HEL 2SR N 3. XHRIGHIE AT k2 TE] )
N, ARE IRIA A

Y=15.20-0.60A+0.86B-0.15C-0.42AB+0.31AC-

1.29BC-1.60A*2.08B*1.62C”
# 3 Mo AL 54R
Table 3 Design and results of response surface experiment

ARFEI BREARE CHEHE

A /min /'C /W Y 3%
1 1 1 0 11.35+0.15
2 0 0 0 14.82+0.23
3 0 0 0 15.39+0.19
4 1 0 -1 11.02+0.22
5 0 1 1 10.77+0.52
6 1 1 0 10.53+0.34
7 -1 1 0 10.84+0.11
8 0 1 -1 9.64+0.27
9 -1 0 1 12.31+0.06
10 0 0 0 15.60+0.13
11 0 1 -1 13.99+0.25
12 -1 0 -1 12.88+0.16
13 -1 1 0 13.33+0.22
14 1 0 1 11.68+0.44
15 0 1 1 11.56+0.21
16 0 0 0 14.79+0.38
17 0 0 0 15.30+0.18

x4 WEEREYIHRBI G E ST
Table 4 Response surface quadratic regression model variance
analysis
ERE FiA ABE ¥F  FiA PiE  REM
Model 61.43 9 6.83 5937 <0.000 1 *E
A 2.86 1 2.86 2489 0.0016 HE
B 5.92 1 592 51.53 0.0002 *k
C 0.18 1 0.18 158 02487
AB 0.71 1 0.71  6.18 0.0418 *
AC 0.38 1 038 331 0.1115
BC 6.63 1 6.63 57.70 0.000 1 *E
A’ 10.79 1 10.79 93.85 <0.0001 *E
B’ 18.25 1 18.25 158.72 <0.000 1 *E
1
7
3
4

1109 11.09 9643 <0.0001  **
%A 0.80 0.11
KL 026 0.085 0.62 06367
®RE 055 0.14
A 6224 16
E: BERMEE, P<0.01; *EFRE, 0.01<P<0.05;
R*=0.970 4.
TEENAER 8K F ARG PAER IR
B M R AR S A S st R S K
[T 22 i W3 4 AU F=59.37, P<<0.000 1
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ZRMEE, HAERIN F=0.62>0.05 AX T4z R
B3, RYEA T R A] B SRS 4 1T, Ty
TEAHSE BB R7=0.970 4>90%, PiHiZEA 5 FEEEE
TP S R S RAEZ MR R, 97%LA LsE
IR AT AR P ] DU AR SR 2,

WEAMENE R R B AT I P A, BB — IR
WA, B (P<0.05) ZRE¥%, C (P>0.05) ZHFA
S, TR 7 R R P R A LU 2 R 5
M2 (P<<0.05), ik DhEaRhE L 2 M5 215
i) A 2.2 (P>0.05) o B[] — 35 AB. BC (P<<0.05)
EZREE, AC (P>0.05) EZRALE: RBUFR
HARRRUE, AR R AR EAEH . B
R [ FITER 75 T2 v Ll 22 BE AR N s e B oA 2 2
(P<<0.05), A7 5 R 75 TR 128 AR
LSRR R . I A BA €2 (P<<0.01)
ZRWEE, RFSHEERNF ARG REE. Bk
4 [EE FERT RN, 3 N IR 2O L Z2 A 2R (1 52 AR )
MR B PRI > R I 1) > 75 T
2.1.3 r s R LS IE

AT EAR BRI L 2R, HE A ]
47.6 min. HFEIRE 629 C. HAEIK 232 W, %
KA, FRBREN 15.41%. MR SLhrglE AT 4T
PE, ACERER, eI T2 AR
48 min, HHFAIRAL 63 C. AN 234 W, A2
ARSI 15.47%. £ 3 IRBAF IR, 15
FISLPRTFHEN 15.26%, LLHE TG UK 0.21%, ¥t
HR 7 e R A B A A e DRI R P LA A
WARFRIMSHE TS, JREA SEHMME.

22 FRARELTZ 44 06 L S48 0 A T

221 FHEHIEKRER

4 FPAN[EFE I 205 7 L 2 BTG R KA
FILER 5. R S AN, BEMRTRHE. RS AR HORINE
-8 FH A Bh SR BB BUAL S M K S I T2 B 2 i3
ETTELZRENAR (P<0.05). S5E&E5HUKIEHAHE
tt, RAFRANESEIUME L 2B 2180 T 3.92 5.
HETREA SR EE . JER. BRI A RS,

R, BRI SR, SR -8 75 1 )
AREERS, fERATEMAOREAE L, EAEEd . Ak
NEHE— SRR, AR A, AL
Z RSP 17.87%

4 FPOAR [FIFEECT 204 1k L 2 5 2 B i
W ERERRL A, & /D BRI . CYP-E
() Fh B S B R N 60.48%, CYP-H. CYP-U.
CYP-UE WS ELEEZEZR (P>0.05);
CYP-UE H i J5 b & 5 s 29.88%, CYP-U ik Ji
WS B, N 16.85%; CYP-U [IFHEER & & (14.52%)
BEETHM =R 2P (P<0.05); 4 FiZfit CYP-U
(2R R & S i N 3.42%, T CYP-UE (&R AR
= HA 0.69% (P<0.05).
222 BLUERESTEN S

4 FUASRIFEECT 2 & v Ll 2 WE IR 3 20 =
% 6 ffiss, CYP-H. CYP-U. CYP-E. CYP-UE {431
BEANA: 10204 990, 520, 4.50 ku; AL
Pt fifey 2 HE IR 75 - Wi B AR LV Ll 2R HOKIR
Iy FEIIA T N, EELE R AR RO DR b
CIRYRE @ ITEZ i y-aa s e ] A T e 8

4 FRYEL Z L E 2 AN PRI IR AN
FUMEAL L, SA/DEH BN REEAmRaE. A~
[EFEE T 22 (R S 2H A bl B S 3 1 22 5
HH CYP-H MIEE/RE 4 EE 88.71:6.31:3.68:0.49:0.21:
0.60:4.82; CYP-U Jy 79.72:11.41:6.60:0.75:0.30:0.85;
CYP-E A 93.82:3.38:1.06:1.36:0.17:0.21; CYP-UE A
96.48:1.61:0.74:1.15:0.10:0.12. CYP-UE " #i%i#i & &
N 96.48%, it T HiAth 3 P24 (P<<0.05). CYP-U
(P2 FUpE AN FURE RS IR & B 0 3 T SoAth 3 Fh 2 mE
(P<<0.05). CYP-E " H @t & & 2 m T3t 3
FhZBE (P<0.05). CYP-U & 0.37%I1)% % FEATR ,
M4 3 FhE b G . % CYP-E. CYP-UE 5
Sy AP Ly 22 0 - A A 2 S ) SR R P R E
TR B et A B = AR AR, X — 4t
MEVS BN VEAN MU BE LT 4E AT/ AR, (350 2 4
BECAFYUEA N, TYHAEELT4E - B R A AR R, X5
FLAKZT ST 7 5 B — 30

%5 FREIRI L ZFSELSHRINERRICFHEK
Table 5 Yield and chemical composition of Chinese yam polysaccharides extracted by different methods

e &% AR/ % B JRHE % BB /Y% A%
CYP-H 2.080.10¢ 52.68+0.62° 22.58+0.52° 12.9240.96 2.90+0.39"
CYP-U 2.3240.14° 51.9245.42° 16.85+0.23¢ 14.52+1.26 3.42+0.29%
CYP-E 10.24+0.10° 60.48+2.02° 28.01+0.52° 11.54+0.61° 0.90+0.26°
CYP-UE 12.07+£0.05° 52.88+3.00° 29.88+0.45° 12.3940.55° 0.69:£0.00°

E: FIAARARRGNEFERTERRE£Z74 (P<0.05). FAR.
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* 6 TEHRI T ZHELZHEREHERR

Table 6 Monosaccharide composition of Chinese yam polysaccharides extracted by different methods

pg  THATEM FABLLARS %
u2
/ku HEAE F) B AEBAER REHE FIAEEARR HEHE F3U4E GESZEE
CYP-H 10.20 0.49+0.00¢ - 0.21£0.00°  631+0.05°  88.71+0.10° 3.68+0.03° 0.60+0.02°
CYP-U 9.90 0.75£0.00°  037+0.01  030£0.01* 11.41+0.19° 79.72£0.00° 6.60+0.16* 0.85+0.05"
CYP-E 5.20 1.36+0.02° - 0.17£0.01°  3.38+0.25°  93.82+0.33° 1.06+0.03° 0.21+0.00°
CYP-UE 4.50 1.1540.02° - 0.10£0.03%  1.6120.02¢  96.48+0.11° 0.74+0.02¢ 0.12+0.04¢

xR 7 PR LZSELSRENE DTS BRRE
Table 7 Parameters of Chinese yam polysaccharides particle size distribution and Solubility extracted by different methods

A 34442 mm PDI Zeta ¥.43/mV 7%/ (mg/mL)
CYP-H 434.54+15.20° 0.48+0.01° 272042117 42.93+0.81°
CYP-U 482.87+28.40° 0.41+0.02° 27.77+0.38 41.03+0.82°
CYP-E 564.80-+8.60° 0.58+0.04° 27.51+1.90° 46.40+0.45
CYP-UE 513.97+17.40° 0.46+0.00° 31.01+1.18° 45.93+£0.77°
223 AFZetarsl kg o 224 4tk MATBOEME

45

CYP-UE

v W
CYP-E

27 _‘_\/\/—\\/\/o\\l"\\/

1.8

09F CYP-H
2928 P3N Yol JO77
0.0fF 3420 16291 091
4000 3500 3000 2500 2000 1500 1000 500
WHL / em™
2 FEHRRT ZFhiSHELL %48 FT-IR Elig
Fig.2 FT-IR spectra of Chinese yam polysaccharides extracted

B %

by different methods

RS B LTS A AN ISR I T 25 %1 4
Pt L 2 HER B R AR, W0 2 B 3420 e
2928 e AL S35 O-H (4R SNAT C-H A
AiRshr=Ae, W] 4 Pkl 208 SO0 H SR I RRIE R
e, 1629 em™s 1734 em™ 43 R YAy
C=0 MZrRzhAI-CHO 725 R, K1 4 Finfeili %
B S WBIATR , 1X 5 2 AT b A 2H s AR R — 5K
1241 e SRR A C-O-C FAFRENHEIE,
1021 o™ HER AR e 2 R A R A PR A e B,
W] 4 Pyl ZHEFRAZAEMERENE . 4 Fvf L 28 5 )
£ 897 em™ HBIIE g R C-H $Rzh, 776 cm
IR ISIEAR R o-BEEF BRI C-H PR2HPY, K0 4 Fhif
I ZWEARAEAE B RITLRT o A7 PR BT, AS[RIBRER
T EE 4 Fhyfe 1L 22 pER BAT SR 22 RIS,
NEEEH o-FEE RS p-EH B S5 o 25
FRIA R R 2L 2 P AR S A A R

ANFIFEHCT B4 4 PP L L 2 HERTRIAE . 20 HL
Tek. WAL BN 7 Bk, CYP-E HPFkiiE
B KA 5648 nm, CYP-UE. CYP-U XZ 45l A
513.97 nm Al 482.87 nm, CYP-H “F¥JRifEf/NN
434.54 nm (P<<0.05). XA[fgRHTAFEZ ST+
TR NI FM B EARE, XEIEH 5K R
FlaEsE, ERAFREERKEER, S
DTARFRERE, RICRAARRD,

B FE A BUREC (PDD S B R4 2 A (1) 35—
JZ, PDI K, UK DAAL S, 4 Fhiz
B, CYP-E ¥ PDI 2K, 34 0.58, FHIH R A
%15]; CYP-U 4 PDI A 0.41, KB HKAR D B4

Zeta AL B BECEIE T T FRIB L, FLHAL
dEXHER R, KA AR, 4 FhZ R
Zeta LTI HHL, RAHEAAE T 20 4 Fi2
PEIY) Zeta BRAZAENHEKKCA: CYP-UE (31.01 mV)
>CYP-U (27.77 mV) >CYP-E (27.51 mV) >CYP-H

(27.20 mV). CYP-UE ] Zeta HEAIZEXHERT 30
(P<<0.05), T5tBHHIA RS E Tt B

7E 50 mg/mL WK FEMR R, 4 FivfE Ll 20 A R RS
BIRT 40 mg/mL, R 4 P i EA RIFIEM
P HA BFE(RTEF CYP-E il CYP-UE [P
fRFEYI B E =T CYP-H 1 CYP-U (P<<0.05). ZF¥
IEARIE S H A FER/MER, —REFEN TR
N, FLHSARPERGE . Huang 25058 UK BRI R K B
IRRAH 2 AL, KRR 2T o7 2=
X7 112.01 ku, #MEHTT T 86.59%, HAWITLE
SARL
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Fig.3 Iron reduction capacity of Chinese yam polysaccharides

CYP-UE

extracted by different methods

E: REDNEFER TR RE LR (P<0.05).

AR 2524 PR Ll 2 B ) Bk ik iR R
WiE 3 Fros. 4 FhZHEnekes IR ae 1R MK IR
CYP-UE>CYP-U>CYP-E=CYP-H, &FEfh2 B BA
BEMZER (P<0.05). CYP-UE MR A5 RE
4 17.08 umol FeE/g DW &&= T-H4x 3 FhihE, %
8] CYP-UE B A BRI E FIL R AE 7. BRI ERIL
JEfE 1 5 HPURLRE D R KD, SRR LE
PEATRE 5 HA TR 55, Hu P8R RINA B S
3RS NS 2 LR ) S 2 A S
KRBT TIBRRAE ST . BT CYP-UE HIEk B 15
JicE, HoaFEmsdl, STAMTRs R —E.
232 ABTS' & #1AFREEA

ARSI 2 & 1L 2 5 ABTS H L
SRAE TN 4 FoR. 4 FhE i BAT BRI ABTS H
HILIERRAE S, H ABTS H HILE MR SHE IR E 2
1IEARE. CYP-UE W) H HESERRZAE 10 mg/mL
BT RE, AN E X R P HHIZA 96.46%~
99.80%. M ILIZE R T Z FE4H 73 DBP1 1E 10 mg/mL
B R, HIEREN 18.39% A 4™, (KT F%
WET 4 MELZRAERE. YRERER
25 mg/mL I, 4 FhifELLI 28 ABTS' H HIEERRF
=T 80%. TELHETEIRE 0~25 mg/mL BN,
ABTS H HEERRAE I K/NA CYP-UE>CYP-E>
CYP-U>CYP-H, BHEEMER (P<0.05). &t
HASE] 4 FhZHER) 1Cs [ MN/NEIRAKIX: CYP-UE A
2.42 mg/mL. CYP-E & 3.62 mg/mL, CYP-U H
6.46 mg/mL, CYP-H N 8.67 mg/mL. H1 B[40, 4 Fh
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Fig.4 ABTS"- scavenging capacity of Chinese yam
polysaccharides extracted by different methods
E: ARG NE FEETASG A ZEER (P<0.05).
3 4hip

K FEAE IR 3R SEIG LR, DA RETS SR
VAL, %o WA~ 75 A B B LUy 22 W 0 1 2Lk A e
LA, FHRTL T HUKIZEE. ARG BEfFROR
Pt it 75 I [ BBV 1) 22 3 P B P I DA S B Ak
EYE. SRENEL NSRRI L Z 8 HE60 (4
YEKWE 8 000 Ulg. FIRHE 4 000 Ulg. AJNE AR
8000 U/g), 60 ‘CHEfi 90 min, HFIELRE 63 C, Hif
] 48 min, BEAIIE 234 W. 4 FhRECT. 25814511
T Z SR MR MKICH: CYP-UE (12.07%)+
CYP-E (10.24%). CYP-U (2.32%). CYP-H (2.08%):
4 FhZHER T B AN 4.50~10.20 ku, HBEAH R
B P FUPERE R AN LB R, Fh CYP-UE
(P31 4.50 ku, FEHA#EME S EEE & T H
R 3FEWE: 4 FhEWELEA 2R RHMER g,
TR TS 4 Ph WIS A T A e TR A
P, HH CYP-UE HI¥fi#: Rk 45.93 mg/mL; 4 Ff
2 MY FA BRI PR SR A SRR ) ABTSTH
HHFLIERREE S, T CYP-UE 7R/ & E N 4.0 mg/mL
I B FIB SR AE 7124 17.08 pmol FeE/g DW, 1EJF Bk
FEN 5.0 mg/mL KX ABTS'H HFEEKEREH A
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