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Abstract: Polysaccharides are attracted much attention because of their diverse biological activities. However, natural
polysaccharides tend to have high molecular weights, resulting in their low solubility and bioavailability. In this study, a-
amylase was used to degrade polysaccharides derived from Gastrodia elata, and the enzymatic hydrolysis process was
optimized based on the yield of reducing sugars. G. elata polysaccharides were prepared under the optimal conditions for
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enzymatic hydrolysis. Their dissolution rate, monosaccharide composition, relative molecular weight, functional groups,

and microstructure were analyzed before and after enzymatic hydrolysis. In addition, the ABTS" and DPPH free radical

scavenging abilities in vitro were tested before and after enzymolysis. Results revealed that the optimal enzymolysis process

was as follows: enzyme dosage, 460 U/g, enzymolysis time, 100 min, enzymolysis temperature, 60 °C, enzymolysis pH,

5.4. Under these conditions, the yield of reducing sugars after enzymolysis was 0.441 mg/mL. After enzymatic hydrolysis,

the dissolution rate of G. elata polysaccharides increased from 81.28% to 93.57%. The monosaccharide composition and

functional group structure indicated no obvious changes, except that the molecular weights of the two polysaccharide

components were substantially reduced (P<0.05), and the mesh structure of G. elata polysaccharides was destroyed and

changed into sheet structure. In addition, the antioxidant activity of G. elata polysaccharides was considerably enhanced

after enzymatic treatment (P<0.05). This study provides a scientific basis for the enzymatic degradation of G. elata

polysaccharides.
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w500 U/g, At E] A 90 min, fEf# pH
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A AR
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Table 1 Factors and levels of response surface
optimized experiment
EES
K ABEZRINEE ( Ulg) Biffif e 7] (min) CHififpH
-1 400 60 5
0 500 90 6
1 600 120 7

1.2.5 IAJFREA: B i e
1.2.5.1 #RfEfhZemgdifE  wER IR S
2L GEUS B 7 T o R B PR IBCHE T & 1R T Y A 2 P
100 mg, fIEE 4l /K FE g I 245 2 100 mL, 15 1 mg/
mL P AR . A5  0.1. 0.2, 0.3, 0.4,
0.5. 0.6 mg/mL MRIZNHAR, 65 H . HEHEES RS
FIIA 1 mL B 4liZK, B A 69 5 1) 45 25 B
W1 mL, S50 1.5 mL B9 S KA BRI F, #7
&), WK 5 min, WK IR =R, Bk E s
% 25 mL. ZEJEE 540 nm RSN SR, SEA TR
TR DIEIEINRAR B R AR (X)), R A AR
(Y), =il R i £k, 13 7 2 Y=16.05X-0.01689,
R?=0.9974, ZWHTE 0.004~0.024 mg/mL 15 [l A 28
KRRAF
1.2.5.2 RIRZWHBEGH G 10 N A B Rl
AT 1 mL ESK, BEIANG SN 2595 1 |
VW1 mL, #JE A 1.5 mL B9 a4 KA R0,
FE4), WKW 5 min, HUKEHIZ=EE, ke
2578 25 mL, TEJKK 540 nm FRIWZ GRS, SEA7
TR ARPE 1.2.5.1 HPABRIFE R ZRTR IRR Z A
AR B O 0 A il .

B JEREAE B (mg/mL) = cxD

o ¢ TR E T H 10V TR
&=, mg/mL; D RN R B
1.2.6 EMRMNE S35 EEEN 175k, B
BT S B R ERZ PSS 60 mg T EP &, N AGE i
LK FE4T LIS , 7E 8000xg R E3.0> 10 min, 2 F
LW, 50 C HREMEE, FREAH =R
ZWRG IR

VIR (%) = 2 w100

m

s my FRORRE AT Y BT R, mg; m, RN
FESRHET S I)T R, mg.
1.2.7  ZWHESF I 2
1.2.7.1 BABEAME =% Yang 500 53+
WEA B . FREGE B T7RE H, A 2 mol/L
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=HLBR 1 mL, LA, 110 °C HEFF oK fE 5 h, B
JE I EE R, BL 0.5 mL T 4 mL 2.4, ¥ pH
Erptk, #RJE 1 4 mL BB A 0.2 mL ¥ E
> 0.3 mol/L ) NaOH, 0.4 mL PMP W B2 W, 3o
Z, 70 °C /K 60 min, U SR HE=E . R)5N
A 0.2 mL ¥ i 4 0.3 mol/L B HCI, /il /K & %5 5|
2 mL, il A 1.5 mL &5, IRGIESEHE )=, 7k
TR, Wtk EZFEI =1k, /K23 0.45 um B,
EAHLIE .

B R AR RS ALFE Agilent 1200, £ i
5 AN I A% . gAY Clg(4.6 mmx250 mmx
5 um); WEhAH A: 15% Z K5 (Z B 4 0.05 mol/L
KH,PO, #i B, pH6.8), Wi siAH B: 40% LG (B4
0.05 mol/L. KH,PO, #i B¢, pH6.8) o ¥itik: 1.0 mL/
min; A : 25 C; FEAE . 20 uL 5 KW P 4.
254 nm. VEMBLESEE: 0 min A AH/B #H(100:0 V/V),
10 min A #H/B #H (92:8 V/V), 40 min A #H/B
(63:37 V/V), 45 min A #1/B #H(100:0 V/V), 50 min
A FH/B #H(100:0 V/V)
1.2.7.2 Syl S5 %R ik, R
BEWL B 375 (0,55 (GCP) WG 7= ZE R I 25 FIXUA BE O
ORI ES SEA T 2208 5 AR . HERRRRIBGE &
E S LS AR T A, BCHI M EE 2 1~3 mg/mL W,
i 022 pm AL IE AR S L ALK . i A PL
aquagel-OH Mixed-H, 8 um, 7.5x300 mm (4375
FEl 500~107 Da); Jii#: 1.0 mL/min, £:7E: 45 °C; #EFE
£ 50 pL; HBhAH: 0.1 mol/L fidIR4N (0.01% S & 1k
BN, SEEEVEN o AR S AORE R | HE O 1] A5 ]
GPC HALE TR R S 5T Mw.
1.2.7.3 £LAMGIEEHR FREUEGERT S 0 R R0
% 5 mg, A 5 mg B9 KBr IR G )5, BUH 2 mg
AR, 7E 400~4000 cm™' 5 FHEATLIAMAHY .
1.2.7.4 FARBEBEEE BB TS 0 R RR 2 WA
Ahid e, A IB-3 RS T8 SRS P, A
InEEHL R 20 KV, ISM-840 1 B BEEA RIS EL
TFREE
1.2.8 $iEALRE SIIE
1.2.8.1 DPPH H i &4kl >R DPPH
A 3E7E B RE SR S 3R Th LA AL RE St
BAACC IR R S Ui B 7. il4s 2. 4. 6. 8.
10 mg/mL IR RT G IR R4EA 3R C IS
FH o 7E 96 FLAR A REIMAE & 150 pL, B A
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IAGRF]— 150 pL, FIIARFIALE S 50 L X I8
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YEWE 50 uL “AEs FA4H Ay AHYEZEZER CAEREMEXT
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KB E W SGIE, FFAEAS DPPH M 2L 7E SR T
2V < A

DPPH H 375 R R (%) = w X
o Ay MIREUE S DPPH T AERZ I G 191
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A G — S RFIARE S SN S O G RE
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o FE.LE PRI AGF] — 50 pL. 7 —
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BEAS 50 pL A DU 50 pL, FE4IR SIS, 37 C 2
R 60 min, Bl 5 10000xg H #& &5 0> 10 min, W B
200 pL _E3EWET 96 FLAR P, 7E 536 nm A E S
{H, FRMAFEA ABTS' H i 3605 B =05, 4
A F C YENPBHMEEXT IR
o— A+ A,
—a =

100

ABTS" 5t 35 (%) = 2 100

o Ay MIRBUGR S ABTS' T ARV R
FERE s A, HRESL S ABTS TR B 19 W 6
A, NG — SRR 5 RN S R GREE
1.3 HEAIE

B4 MR F SPSS Statistics 26 A2, 4% 51U
SEMHEARUEZEFER, P<0.05 /Ko i o7 T,
BT AN IR el 4FE R B Design Expert 10.0, HA43E
FiEXIRH Graphpad prism 8.

2 HBRESH

2.1 RRZPEESHREE RN

2.1.1 FEAINEXT A B R 8T R
T3] P 255 e X S DR A ol 52 T, 25 SR an &l 1 fr
INo BEFASHIE M 200~600 U/g, ifsJFH A= il AR
55, TS EEAS N 600 U/g i, 38 JEOM &5 S T R
A%, X AT RESE i TS NGt 2205, 1l 53-FRb 235 W o) 1
3 S YR, I T B8O R o B AT, PRI ARAF
FEH AR IR 500 U/g.
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0.40 - be ab
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Fig.1 Effect of enzyme addition on the degradation efficiency
of G. elata polysaccharide
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I RIS RGN, R A e TR . BEE TN
B 6] ()85 00, 325 TR P R A S 3 T A L R g i g 3
UG, BRHGAR JEObE A il s TARaoE " . 25 B Rl
A%, A A EH 90 min,

0.45 -
’._ET a a a
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E 040 D
]
=
+
8 035
T
I

0 30 1 1 1 1 1
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Rt ] (min)

P2 A INHTRDO KRR Z MR AR 15 )
Fig.2 Effect of enzymatic hydrolysis time on the degradation
efficiency of G. elata polysaccharide

2.1.3 AR X A IO A G AR ) PR TR
Ko} SO A AV R AR IR AN 1] 3 R o S O Rl
ST R AR A EE S, 7E 60 °C B JFObE A= il B
=5, (BAREIHREE (40, 50, 60, 70 A1 80 °C) XS JEUbEA:
SR R AN .35 (P>0.05 ), X AT B S i TG
SRR AT B o- TR il HL AT B85 A T A, R
TERSRIREE T A RRE M. 28 A LA LE5 R, 1
RE FAERHA IR E R 60 °C.o

0.45 b

0.40

B JEREA i (mg/mL)
IS
-

S s s 1 s
it ffpH
K4 M pH X KIRZHERERR R 15320
Fig.4 Effect of enzymatic pH on the degradation efficiency
of G. elata polysaccharide
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IS

R2 o WA BT AR
Table 2 Experimental design and results of response surface
i ARGA IR Bﬁ&%ﬁﬂ“lﬁl CHii A A
(Ulg) (min) pH (mg/mL)
1 500 90 6 0.44440.001
2 500 60 7 0.430+0.001
3 400 90 7 0.4274+0.003
4 500 90 6 0.455+0.001
5 600 90 7 0.41740.001
6 400 120 6 0.437+0.001
7 500 90 6 0.4524+0.002
8 500 120 7 0.420-+0.001
9 400 90 5 0.4354+0.003
10 600 90 5 0.418+0.002
11 600 120 6 0.411+0.003
12 400 60 6 0.42540.001
13 600 60 6 0.426+0.001
14 500 90 6 0.45440.004
15 500 120 5 0.419+0.001
16 500 60 5 0.4344+0.003
17 500 90 6 0.441+0.001

0.45

~ ab a
Q ab
E i b
)
E 0.40 |-
i
=
=
== —
i 0.35
xS
030 1 1 1 1 1
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Fig.3 Effect of enzymatic temperature on the degradation
efficiency of G. elata polysaccharide
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Table 3  Analysis of variance for the fitted regression equation

IR TR REE BT P PN B

B 0.0027410 9 0.0003045  9.50 0.0036  **

A 0.0003380 1 0.000338  10.55 0.0141 *

B 0.0000980 1 0.000098  3.06 0.1238

C 0.0000180 1 0.000018  0.56 0.4780

AB 0.0001823 1 0.0001823  5.69 0.0485 *

AC 0.0000123 1 0.00001225 0.38  0.5560

BC 0.0000063 1 0.00000625 020 0.6721

A 0.0007088 1 0.0007088 22.12 0.0022  **

B’ 0.0005544 1 0.0005544 17.30 0.0042  **

c? 0.0006038 1 0.0006038 18.84 0.0034  **
7
3
4

2% 0.0002243 0.00003204
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0.05) . FEEl 5b Al Sc Hr[RIAETT RAULEE 21 2 RL i) 21
S, (AP R 2R Z W32 BAE RIS W2 (P>0.05),
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AEHAEH, 3X 577 2550 Wi 4 il —24 .
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5.379. GGG SEBRERENS 00, 152 S T2 il
fi#t BF 18] 100 min, A %5 0 & 460 U/g, Aff f#t pH ~
5.4, FEUILAMET, A TR RIETIEE: — U, 15 B R
AR o AR M AR Al A 0.441+0.020 mg/mL, 5
HIS(E 0.442 mg/mL £ 3z, Bz R n]
KR ZHEBEFARRLER AT
2.3 AREANE

R IRR 22 W it R4 i S Vs e R i A8 Ak an =6 4 o o
FH KT RN, RIRRZWEAE B S, IR R A T W
AR (P<0.05) o FfFfirE i R R 22 BV fr 20 81.28%,
TR S 00 RBR Z A5 93.57%, iX R W fg4b
G RSP EMRAE TG, sl (f

K4 BHEETE RIKZ PR R 21k
Table 4 Changes of dissolution rate of G. elata polysaccharide
before and after enzymatic hydrolysis

FE AR (%)
3PN E2 81.82+0.02°
3PN E4 93.57+0.05°

TE: RRVNG FRERR 225+ B3, P<0.05.

RS A i (mg/mL

MO A B (mg/mL)

MRS A i (mg/mL)

5 PR R S EAR FH X R IR AR AR RS M 1Y
M S i ]
Fig.5 Response surface plots of the effect of pairwise factor
interactions on the degradation efficiency of G. elata
polysaccharide
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Table 5 Changes of monosaccharide composition and content of G. elata polysaccharide before and after enzymatic hydrolysis

B WERE  NPVERRR O HERW  JSREEhE

R R WA CRILBIERR RILE

BUREAFRE  EEeE

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
GEP 97.97 0.05 0.37 0.02 0.02 0.12 0.01 0.36 0.43 0.31 0.34
E-GEP 97.26 0.04 0.30 0.02 0.01 0.13 0.01 0.29 1.07 0.43 0.44
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Fig.6 High performance liquid chromatography determination

for monosaccharide composition of G. elata polysaccharide
before and after enzymatic hydrolysis
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Fig.7 Changes of weight average molecular weight curves of
G. elata polysaccharide before and after enzymatic hydrolysis
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Fig.8 Fourier infrared spectra of G. elata polysaccharide
before and after enzymatic hydrolysis
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Fig.9 Scanning electron microscopy of G. elata polysaccharide
before and after enzymatic hydrolysis
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Fig.10 Effect of G. elata polysaccharide on DPPH free radical
clearance before and after enzymatic hydrolysis
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Fig.11 Effect of G. elata polysaccharide on ABTS" free radical
clearance before and after enzymatic hydrolysis
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