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Abstract: The polysaccharides from Zingiber officinale Rosc were
extracted by hot water extraction method, ultrasonic ice bath extrac-
tion method and complex enzymatic hydrolysis method. The effects
of different methods on the extraction were investigated by the UV
spectra image and the scanning electron microscope image of ginger
residue. The results showed that the polysaccharides extraction rates
of the three different extraction processes under optimal extraction
conditions were (11.7440.23) %, (7.00+0.04) % . and (20.93+
0.20) %, and the yields were (6.534+0.08) %, (2.56+0.11) %, and
(14.67 £ 0.32) %, the purity was (86.53 + 0.20) %, (59.84 +
0.06) %, and (73.59 4+ 0.19)%. Comparing with three different
methods. the enzymatic hydrolysis method had the highest extraction

rate and yield of Zingiber officinale Rosc polysaccharides, but in
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terms of purity, the hot water extraction method was the best. Ac-
cording to the TEM image of ginger residue, found different extrac-
tion methods had different degrees of damage to Zingiber officinale
Rosc cells, resulting in different extraction rates and yields of poly-
saccharides.

Keywords: Zingiber officinale Rosc; polysaccharides; hot water ex-

traction; ultrasonic ice bath extraction; complex enzyme hydrolysis
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IR B 43 3k 50,60,70,80,90,100 °C s [ & 2 BUR & 90 °C,
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Table 1

Hot water extraction orthogonal test factor

design level table

7K AWk (mL/g) B REGREE/C C #EUNE /h

1 1501 80 2
2 2001 90 3
3 251 100 4

2.1.2 IEARIEE R K I 2500 POKRFEERIE 20
TEASIR IR A R IR 2, Jd A 43 B T 0, 500 22 24 S O IR
HEMRK K B>A>Co g K F UG8 AB Ca s BPHCRE L
20 0 1 (mL/g)  $2HGRBE 100 CL 32 M A 4 h, H3& 3 w41,
WORELE VTRLEE L B IR 35 % 22 22 0 19 4 BBOA 3 M R i (P<C
0.05) , H.ifik B HA7 % 53 M 3 i (P<<0.01) , 3 AN PRI R i K /)y
T 5 E A IR 25 RARST . FE s i3 S 48 T AT 3 AP AT
SO TRIE . 25 A IR R (11.7420.23) % . & T IE R
B9 AN B LRI IR A R TR,

F2 HABRERNEZZSVWERRBLERS W
Table 2 Orthogonal experimental results analysis of
Zingiber officinale Rosc polysaccharides extrac-

tion with hot water extraction (n=3)

e A B C PR/ %
1 1 1 1 5.7940.02
2 1 2 2 6.9474-0.08
3 1 3 3 9.4474-0.01
4 2 1 2 7.514:0.03

2 2 3 8.7940.02

6 2 3 1 9.554-0.06

7 3 1 3 7.97420.00

8 3 2 1 7.3140.10

9 3 3 2 10.284-0.04
""" K., 2217 2127 2265

K, 25.85  23.04  24.73
K 25.56  29.27  26.20
R 3.68 8.00 3.55

®3 AABRREELSKRBRAZENSFR

Table 3 Analysis of variance of orthogonal test for hot
water extraction

I ML BPOF AL AmEE 07 F P {H

BE#R 16,6910 6 2782 88.035  0.011

o 601.230 1 601.23019 026.278  0.000

A 2.777 2 1.389 43.944 0.022

B 11.815 2 5.908 186.950 0.005

C 2.099 2 1.049 33.210 0.029

CmE 0.063 2 o032

Bt 617.985 9

B IE B BT 16.755 8

t R?=0.996(R2;=0.985).
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Table 4

Ultrasonic ice bath extraction orthogonal test factor

design level table

K ACEFERE/min BEAYRE/W o C BOBHE (mL/@)

1 30 400 1501
2 35 500 2001
3 40 600 2501

2.2.2 IETIIREE R K 20T R I UK B IO R
LW IE IR 45 B W 5. 4 Bl A, 5 R
BEZHN T LM)F.C>B>A, H{ERB T 2 &N
A B, Cy , Bl #8755 ] 30 min 8 7 3R 500 W JBRHEL 25 0 1
(mL/g), MI3% 6 R, MR i [] L 8 7 2 %6 DL R CJR0OR) HE 3 %t
LB ECE B (P<<0.05) . H 3 AN E # K
INIFE 5 1 A 0 45 A A . 6 B R I Ak R AT 3 AT
15256 B0IE , B AT 22 24 A SRR N (7.004£0.04) %0, & F IE
ZRIH 9 MK AL, R UE I Tr BRROHR A

2.3 EREREUE

2.3.1 KA FE s W K F R BRIk
Fb  pH A A TR R T A B (R X 22 22 0 B IR0 5 e AR
NGRS F N oa e s vl LU NP e el 1 S A W S e e 1)
®7.

2.3.2 ESCIRIRLE R KT Z 40 HiER 8 WA E A
PINE LN T TN C>B>A>D, HEMEER T LN
AB,Co Dy BB 25 0 1 (mL/g) (EE R[] 2.0 b i R
BE 40 CH pH A 7.0, th3 9 Al 0, I BE L 0 18], Wk R} 1L R0
pH B 35 %5 22 48 32 R A AR 35 PR e (P<<0.01) . 7E s b
LKA T AT 3 AVAT S 647 B0 iF . 42 O 22 2 0 1
FEIR A (20.93£0.20) Y. G5 Wim i F 9 M IE R IR 50 41 45
T W E A 0 4 SR T
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2.5 HHEERIEIERM
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Table 5 Ultrasonic ice bath extraction extraction of Zingi-
ber officinale Rosc polysaccharides orthogonal test
design and results analysis (n=23)

2= A B C PR/ %
1 1 1 1 5.54+0.05
2 1 2 2 6.36+0.04
3 1 3 3 6.29+0.01
4 2 1 2 6.08+0.05
5 2 2 3 6.57+0.08
6 2 3 1 5.32+0.01
7 3 1 3 5.87+0.00
8 3 2 1 5.46£0.07
9 3 3 2 5.5640.01
'''''' K, 1819 1749 1632

K 17.97 18.39 18.00

K 16.89 17.17 18.73

R 1.30 0.90 2.41

F6 BFEEKARNEEZSREAENTER

Table 6 Ultrasonic ice bath extraction orthogonal test

280 nm Ak ¥y SR A A0 AE IR Y0 S AT E — 25 B
sevag ILREA ML RL LM IER .
2.6 BEHEBERME

X EC 23 Mt AN [ D5 3 41 322 0 A A 25 3 1Y i O o B A
(B DAL AR EmE BB E . R gl PoKRR)E. %
20 BT B B AR A R T 3 2 WA 5 O A T AR E
TR AN M0 BE 45 4 i+ BSOS T 400 O A 1 A A e A K

k8 EAHBMRERNESHEEIKRETELERIN
Table 8 Orthogonal experimental design and results analy-
sis of extracting Zingiber officinale Rosc polysac-

charides by complex enzymatic hydrolysis (n=3)

K5 A B C il D I [f] FEWR/ %
1 1 1 1 1 15.6940.02
2 1 2 2 2 18.8040.08
3 1 3 3 3 18.0240.12
4 2 1 2 3 17.02£0.11
5 2 2 3 1 17.7140.09
6 2 3 1 2 15.2140.03
7 3 1 3 2 16.0840.06
8 3 2 1 3 16.84£0.15
9 3 3 2 1 16.6040.01

""" Ki 5251 4879 4774 5000

K 49.94 53.35 52.42 50.09

K; 49.52 49.83 51.82 51.88
R 2.99 4.56 4.68 1.79

k9 EABMERIITRBAESINE
Table 9 Complex enzymatic method orthogonal test

variance analysis table

analysis of variance table b 01 RS- 7 f H i B Y5 F P {f

bl T BFJ5 AL A ¥or F P {H T IE A Y 32.166% 8 4.021 469.753  0.000

TS IE AR T 1.608* 6 0.268 40.735  0.024 A 7 700.996 1 7700.996 899 726.872  0.000

R 312.700 1 312.700 47 538.894  0.000 A 5.340 2 2.670 311.930  0.000

A 0.323 2 0.161 24.534  0.039 B 11.566 2 5.783 675.642  0.000

B 0.267 2 0.133 20.277  0.047 C 13.041 2 6.520 761.806  0.000

C 1.018 2 0.509 77.394  0.013 D 2.219 2 1.110 129.633  0.000

""" w2 o013 2 o007  ®& o1 18 0009
Bt 314.321 9 it 7 733.316 27
REIE Y BT 1.621 8 BIE R Bt 32.320 26

t R?=0.992(R%;=0.968),

*7 SEHMBEHELTREEREITKER
Table 7 Multi-enzymatic enzyme conditions orthogonal test

factor design level table

AKOF AR (mL/g) B pHA{E  C E#EIE/C D §f#E W /b

1 201 5.0 40 1.5
2 2511 6.0 50 2.0
3 3001 7.0 60 2.5

T R?=0.995(R%;=0.993)

xR0 ZHBE GEREARAE
Table 10 Polysaccharides yield, purity and protein
content (n=3) %
T 5 (EES 4 dSies
HOKE 6.53+0.08  86.53%0.20  0.14%0.00
WA ORIRIL 2.5620.11  59.840.06  0.40£0.01
Al R 14.67+0.32 73.59+0.19 0.47+0.01
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Figure 1 UV spectral scanning results of polysaccharides

(a) BFEPKH:

(b) PUKRIG

(c) AT
B2 FAEAFTHERBEBHNAEZSEHEERAMBERA
Figure 2 TEM scanning results of residual Zingiber offici-

nale Rosc residue extracted by different methods
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