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Abstract

This study conducted enzyme treatments to maximize the extraction of polysaccharide components in Angelica gigas
Nakai (4. gigas). An extraction method of polysaccharides was established by using different enzyme treatments for
the degradation of plant cell walls. Total carbohydrates and removed starch of 4. gigas increased after enzyme treat-
ments such as Viscozyme (V), Alcalase (A), Flavorzyme (F) and Termamyl 120L (T). The yield and total carbo-
hydrates of VAFT were 12.20% and 76.80%, respectively; an increase of 1.4 times that of T and AFT and showed
a significant difference (p<0.05). Removed starch content also increased by more than three times the control in
water-extractable polysaccharides. Non-starch polysaccharide content of VAFT was 22.58%; it increased about 1.7
times that of the control (12.84%) and it was the highest compared to T and AFT. Arabinose and galactose, which
were the main components of 4. gigas polysaccharides, increased from 1.5 to 2.2 times the control in the enzyme
treatment groups. The high molecular weight fraction I of the control, depending on enzyme treatment conditions,
was about 491,282 Da. It degraded into a low molecular weight fraction ranged from 282,459 to 16,362 Da. The
molecular weight of polysaccharides treated by the VAFT decreased to an average of 13,000 Da. So, VAFT was
selected as the optimizing condition for extracting water extractable polysaccharides from 4. gigas. As a result of
this study, it is expected that 4. gigas will be widely used for industrial materials and useful to develop and research
materials of different medicinal plants which are not yet known.
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Angelica gigas Nakai (25 g)
|

d low molecules : 100% Meth

1 500 mL 2 hr, room temp, Filtered

Removed pigments : 100% Hexane, Acetone 500ml 2 hr, room temp, Filtered

l

Dissolved plant cell wall : Viscozyme L, 500 mL DW, pH 5.0, 507C, 2 hr

Removed protein : Alcalase+Flavourzyme pH 7.0, 557, 2 hr

|

Removed starch & extracted : Termamyl 1201, 90T, 2 hr

|

Centrifuged : 3000 x g, 5 min, 257 |
Residue

Extract

Precipitated polysaccharides : Ethanol (3 times), 4T, 24 hr

I Centrifuge : 3000 x g, 5 min, 25T l

Removed supernatant Water extractable polysaccharide

|

Lyophilized

Fig. 1. Fractionation of water extractable polysaccharide from
Angelica gigas Nakai by enzyme treatments.
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Table 1. Operating condition of permeation chromatography.

Instrument ShodexRI-101

Column ShodexSB-806HQ, 806 M HQ GPC column LY;
300 mm, D?; 8 mm (Showa Denko K.K., Japan)

tiﬁ:;ggture 30°¢

Eluent 0.3% NaCl

Flow rate 1.0 mL/min

Detector Refractive index detector

Injection volume 100 pL

YL: length
ID: diameter
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Table 2. Operating condition of GC-FID for the determination
of monosaccharides.
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Table S. Yield of water extractable polysaccharide isolated from
Angelica gigas Nakai with enzyme treatment methods.

Hewlett Packard chromatograph (Agilent 6890

Instrument Series; Wilmintion, DE, USA) SP-2330 Column

Column LY; 30m, D?; 0.25 mm, film thickness; 0.2 um
(Supelco, Bellefonte, PA, USA)

Oven temp. 230°C

Injecter temp. 240°C

Detector temp.  240°C

carrier gas N,

Injection volume 4 pL

L: length

ID: diameter

Hewlett Packard chromatograph(Agilent 6890 Series;
Wilmintion, DE, USA)S AH8-3l9th Oven &%= 230°C,
Detector 2%+ 240°C, XFEZ ZE myo-inositol(Sigma
Chemicals Co., St. Louis, MO, USA)E AF&-3}9t} 3
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Table 3. Proximate analysis of Angelica gigas Nakai.

Content
Moisture (%) 1.07+0.05
Fat (%) 8.60+0.32
Ash (%) 5.73+0.02
Protein (%) 13.8+0.01

Table 4. Effect of enzyme treatment on the extraction yield of
Angelica gigas Nakai.

F-value

e

Viscozyme Pectinex+Viscozyme Pectinex
Yield (%) 12.20+0.15 2.97+0.60 0.79+0.01 865.23

Water extractable polysaccharide Removed starch

Yield (%) CHT? (%) (%)
Control" 18.04+0.60°  58.60+6.98° 9.60+1.06°
T 7.83+1.40° 53.50+2.12° 25.32+0.63°
AFT? 6.70£1.05¢ 51.61£0.94°  26.57+1.16°
VAFT? 12.20+0.15"  76.80£7.36°  29.6242.37°
F-value 92.45™ 10.76™ 113.91™

DControl: Water-extractable material

IT: Polysaccharide isolated from Termamyl 120L enzyme treatment
AFT: Polysaccharide isolated from Alcalase+Flavourzyme and
Termamyl 120 L enzyme treatment

YVAFT: Polysaccharide isolated from Viscozymel., Alcalase+Flavourzyme
and Termamyl 120 L enzyme treatment

S)CHT: Total carbohydrate
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Table 6. Molecular weight distribution and composition of water soluble polysaccharides of Angelica gigas Nakai with enzyme

treatment methods.

Fraction [ Fraction II Fraction III
MW Composition (%) MW Composition (%) MW Composition (%)
Control" 491,282+12,599 64.33 10,272+781 26.61 303+2 6.41
T 282,459+9,101 33.76 12,129+7,671 25.98 _ _
AFT? 265,059+9,321 26.10 12,595+5,064 28.35 1,990+1,516 30.68
VAFT" 16,362+2,902 21121 12.76

DControl: Water-extractable material
AT: Polysaccharide isolated from Termamyl120 L enzyme treatment

9AFT: Polysaccharide isolated from Alcalase+Flavourzyme and Termamyl 120L enzyme treatment
YVAFT: Polysaccharide isolated from ViscozymeL, Alcalase+Flavourzyme and Termamyl 120L enzyme treatment
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Fig. 2. Molecular distribution of Angelica gigas Nakai non-starch
polysaccharide (NSP) depend on the different enzyme treatments.
CON: Water-extractable material, T: NSP isolated from Termamyl 120L
enzyme treatment, AFT: NSP isolated from Alcalase/Flavourzyme and
Termamyl 120L enzyme treatment, VAFT: NSP isolated from
Viscozymne, Alcalase/Flavourzyme and Termamyl 120L enzyme
treatment, MW of Standard : "78.8x10, 240.4x10, ¥21.2x10, ¥11.2x10,
94.73x10, 92.28x10, "1.18x10, ¥5.9x103, *Glucose.
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Table 7. Water extractable polysaccharide composition of
Angelica gigas Nakai with enzyme treatment methods.

Starch NSP? UAY Lignin
Control”  52.33+0.07*° 12.84+0.23¢ 2.38+£0.04° 0.07+0.02°
™ 33.88+0.02° 20.78+0.17° 8.70+0.12°  0.09+0.02°
AFT? 24.90+£0.04° 21.98+0.23" 10.58+0.14° 0.45+0.06°
VAFT? 31.95+0.11° 22.58+0.14° 8.36+0.06° 0.29+0.12°
Fvalue 142642 191771 29938~ 2011

DControl: Water-extractable material

AT: Polysaccharide isolated from Termamyl 120L enzyme treatment
YAFT: Polysaccharide isolated from Alcalase+Flavourzyme and
Termamyl 120L enzyme treatment

YVAFT: Polysaccharide isolated from Viscozyme L, Alcalase+Flavourzyme
and Termamyl 120L enzyme treatment

NSP : Non-starch polysaccharide

9UA : Uronic acid
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Table 8. Sugar composition of non-starch polysaccharide (NSP) isolated from Angelica gigas Nakai with enzyme treatment methods.

Ramnose Ribose Arabinose Xylose Mannose Galactose Glucose
Control" 1.50+0.17¢ 1.12+0.02" 9.48+0.22¢ 1.17+0.48* 1.79+0.04 25.48+0.23¢ 59.46+0.56°
™ 3.04+0.04° 0.58+0.04° 21.11+0.10° 0.81+0.01° 1.90+0.02 40.76+0.06 31.80+0.11°
AFT? 3.11£0.05" 0.99+0.15" 26.87+0.24° 0.90+0.18" 1.24+0.69 43.17+0.28* 23.72+0.20°
VAFTY 7.64+0.16" 2.72+0.15* 24.51+0.09 1.52+0.01* 1.79+0.03 40.12+0.07° 21.69+0.09¢
F-value 1405.82™" 221.01" 5630.23"" 4.66" N.S 5542.93™ 958737

*dMean in the same column with the different letters are significantly different at p<0.05 by Duncan's multiple test.

DControl: Water-extractable material
IT: Polysaccharide isolated from Termamyl120L enzymetreatment

SAFT: Polysaccharide isolated from Alcalase+Flavourzyme and Termamyl 120L enzyme treatment
YVAFT: Polysaccharide isolated from ViscozymeL, Alcalase+Flavourzyme and Termamyl120L enzyme treatment,
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