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I. AE

t}A (Acidic  polysaccharides)+= D—-Z485F&E4F oA &
st AXd {8 Y F (Pectins) ol &3l T A 24,
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QA4F(Panax ginseng) @ AHd thdAl= M xAFe] = (Ginsenoside)
o]21e] tiE Al HALE Y AlF &4 AFOEA, A4 EH Y theFst
Hel gds A A FHT A A RokelA
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A & st AEsd Vs dAdEol Qiv(12]. A"
FEAY AT D-ZAFFEAN] 14 SYIANE AFoE AZdd
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(a) (b)

Rhamnogalacturonan Il Rhamnogalacturonan | Arabinogalactan
Homogalacturonan (HG) (RG-1I) wmo.: (AG) Unmethylated
mm_mﬁ:ﬂo:_o acid
[ 1 I I |

Methyl-esterified
. X \ Galacturonic acid
Seoovecye®® o e

n\oomw

'cﬂoo / @} )

\OQ._w
O,
O-moms\_-mmﬂm:ﬂ ied HO
Galacturonic acid
OH _
0 Coo
‘ Galacturonic acid Rhamnose . Arabinose 0,
% Methyl-esterified Galacturonic acid . Galactose HO
OH

Figure 1. (a) A schematic description of pectins, (b) The structure of homogalacturonans.
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I. Adg

1. Qi oA 54 24

4 o] HAxEHA 4L T4 F
ginseng)<= 1 A7|9F Aol daglel F
54, & 15708 AEE B HE5EA T &7
TR ¥ AEE 50CelA 72A17HsE ¢hds] Axd &
AAEgen HFEAow 80v+] olste] wHE FHEATE 2+ QA
v ARE T4 Ax F FEH7] A7HA 70T deep freezerol A
B AE i

1.2. O3A F=

Ay

Ao rHEYH YIAE A+ FE5+- IS Xu Zhang et al.,

2009[16]°] Wl 71xsko] st 4 dxd A4 &2 100

goll =7+ 1LE 7leto] HF 5% 5571 100 g/L7F H=5 skl
100TCeld  4AzE &<t 9% FES3ATE o] do &3 FEe
AL or IF FoljFo FFol M= ATHFolAT dojuA
RrE gt 28 ZE FEAHS T 33 RbESSlth shtel
AdE B84 HAdEs dHAEYUE 3 AAste] AEdns
FHAT. Y Asde dd #AY %7 Rotary
evaporator) S %3l%] 500 mLE FZHAct ASHS 50 mL FH|
wHS = 4u) F39 100 % o¥=S H7lste] HE wE7F 80%7F

2 otk g4 284 ugA Fd=o] #EEHW 12,000 rpm,
8C° o= 30 &1 A4 s Aeds AAste] ot das—
=84 Fd S 4tk o A 82 0.25% FH9

Sevag reagent (1:4 n—butanol:ichloroform, v/v)E& = @sle] N —
A FE=HS S8l dWAdo] AAHGT., oA oA 8 54

AzE o] —70C deep freezerolX H#A= g} (Figure 2).
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olg-—ng IARFIEIHZIHS o]&TF A4

d7e JAS ot wEld A4 ZudA (Crude polysaccharide
fraction) & S°]&—-w3 AZvEIHZHE o] &slo] ZUA ZHE
A 2383 kg BES 2staA &tk WA DEAE-cellulose
1 25 g= Adel FXsta, TR G FHTE °l&sto
AGE BAEAZIAL HE s it ST E ol&ste]l AHe &5
glstar 3023 ngdS Al AA $ 2udAE 50 mg/mL
SER Ho Fusta, $XE A7 SlFRel| ANo|=E o] &5t A
gtk o] w QY AR SlFEel SRTFE oldste] A&
A ExeteE A A= AYAH AWMAR FRTE
Aoz o]gste] &Hol Yo TA tdA FEHS fEHowR
wol FE ettt Me HA e o] §5E wWrkx °F 100 mLe
s B2 F F5= TSt 1 F 05 M NaCl &=
L Ns wAst &FEH vHes A oA FES fFEdoe=
ol F-glslint. ui7H AR NS YA ke Eo] &EE wi7bA oF

H.o
=
100 mLe &g de W3ty =3 F Phenol—sulfuric acid H=
o] g3sto] 7t fre|del FHE FEE oA SRS stk A
82 ZIES= NaCls AlASH] sl TS A8t
= T

=]
BN
122413 248, F4o] £ AL 34 sk 55715 &3l
TEI TEE 5H T T4 AxFHo —70TC deep freezerolA
H AT}
1.4. QN O3Ae E3E u|8 JF
Sol&—-w3l ii“?ilﬂ]ﬂ‘ﬂoi o)z z}zo] H-EFof ol HjA
AFHES A 0}‘# = o fEA &, dd seks 7h7)
q2k3lod o} §}‘j VNEEAR SRIANE AHESIRlon, 964

nlo] 42 & EﬂolEoﬂ Agst=% 4% Phenol-sulfuric acid "<
AFE3o] 490 nmellA wlolA R EF#HolE  HZE7| (Spectramax 190,
Molecular Devices, USA)E &3l A=ty ol AF FHAME=R
ghabetsleH(17]1. & #E4 #F VeesdE  AFFEEAES

o
ARE-sEl o™, m—hydroxydiphenol W& AF&3e] 520 nmelA



Aoty AE HAER ket dwEe YV]E=4d % Bovine
serum albumine AREER O™ w@wA A J|E (Pierce™ BCA
Protein Assay Kit, Thermo Scientific, USA)S &3] 565 nmelA]
skt

H]
=t
, 239 A¥ EF3E (Pectin from apple, pectin
from citrus peel, Sigma—Aldrich, USA)& 10 mg® Tight cap vial®l
Y3 1 M methanolic HCI 10 mLE 7}ste] 80 TCeollA 16AIZFH&<t
weke Fafslg . vke & FS methanolic HCIS AA 7pA2 25
AAS ¥ 2M Trifluoroacetic acid & 10 mL 7Fste] 120 TeollA
IAZFERE Zhraserdltt. vhg = AARolA A3 H 7} wlojdd 1
mLA  FHoto] AR AXAA FESedot dxE oAl 0.5
mL2 0.3 M NaOHE 7l § €33 w5E5 dgadr 3023t
sonicationd}A ol thFA|7F ¢ w5 o
phenyl—3—methyl—5—pyrazolone) A] 2k
A stE AT ¥ - 0.3 M
pHE FRlstlth. Holle= PMP Al9fkE A
=
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il
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& 1o

94 HOIE el Fee ;ff—
7A87) Sistel 1w} 39
23 PMPE AASHE 23
S s AASA,

2 OE,

mlo

Chloroforme Yo HA-dA| F==
% 53] W5 & FFA S % Chloroform

PMP-fEAstd w3 EFES 145 A4 ARvEIHY
Al 2El (Agilent 1260 infinity, Agilent, USA) oA ZFF] AFAS
gste] AFHAY. HE7|= diode—array detector7} ARE-E AT
AL Ag & 94 A9 (Eclipse Plus C18, 3.5um, 4.6 x 150 mm,
Agilent, USA)& Ag3talor &%+ 30 CTZ FA =AU o]Fte]
452 1.0 ml/mine= A4 osd A°l =4S 20 mM
phosphate buffer7} H7Fg 20% Acetonitrile in water, ©]%% B9
ZAL2 20 mM phosphate buffer7} #H7}¥ 30% Acetonitrile in
watero| ok, =1L =¥ #Zroh 0-302(0-100% B), 30—
407 (100% A). A5+ 10 L 95929 diode—array detector?]

274 e 245 nmAch. ARe) 7 wwe A o %%%ET
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tgA 7t 28e
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24
a
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1o

N
ofo
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=% FAsduA s
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N
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=Hlst F 717 el skt AlEE 4000
F WA =45t} Resolutiond 4 cm™?,
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e
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M
M

T8t A wAEe FxE EQlsr] fEke]
A F3 g2vlE 732 A AE (Dionex HPLC Ultimate3000 RI

System, Thermo scientific, USA)& ARS8t AHL 359
stol=2 A A= (Ultrahydrogel 120, 500, 1000, Waters, USA)<
serial2 AAslo] AlLElgiom &L= 40TE ZAHAL o)A

sodium azide 0.1 M
FAE AT Al5=
index detector) %
Ag3om, 559
Mw, 393000 Mw,

SES RN 2

in waters AFE3¥OoH 5452 1 mL/min =
10 pxL FYs¥R =4EF HZ=7](Refractive
A=t Ex% #F 4% Pullalans

¥+ Pullalan 342 Mw, 10000 Mw, 113000

805000 MwE Atgste] AZHS DAt
dolxl b do| g = A4

X E Qo] (Chromeleon 6.8 Extention—pak, Thermo scientific,

USA)E &3t A2 =3l



2. & FFN OAY FFF vlu B4
2.1. A5 £H]

Japonica ¥%%2| #(Oryza sativa L)ANBEL 33} £=9 t}
Aol FARIA o R FHEJL FH A wpep FFEo gk
10 15, =AM 10 Z15°l -, indica ¥% =2
=3t wEEA FHEJeH ol 11 IF, WEWNA
Jsel FHYERr, F 75 7K w=F9 39 w9 AETLH
THEHAGE(Table 1). 2 259 AsE= T8 ASF —40TCeA
ByEglon 80H4] olste] woE Y & T4 dxEHo FEH7
A7kA] —=70C deep freezero| A B35 AT}

ON
o
i
>

2.2. 2 O3A F=

2ol g 5 #42 Sibuya et al,, 2014 [18]9] W& FFalsto]
st Ao AAg AAsH] fletel w4 Adx® 2 500mgel
3 mL% 1:1 ethanol—ether T3 &S A7 & AHNEY s A
AASTHT. G FeHS Aa 7MAE ARESt] s AAEA
Az JAd= 80 % (v/v) 9 d&Es H7F 5 dAEgste] gEA
= = f%or, doxl vgEA FHES 3 mL FFTl
AFALE AT, A A AHE BRdel @ —amylase (2 U/mg of
carbohydrate) & *]2]3tal 40Tl 1A 30&3F HESAIL 3§
amyloglucosidase (0.33 U/mg of carbohydrate) & F71% 8|3}
60TColA 2A17F &< WAl A F84 =5 AHS AT 54
2] & o AA oAFE= iodine/KI GHHOE FRIskTt. o]ofA
A4 ofahl (Vivaspin 5000, 5000 MWCO)& sl %
o
3)

%E r_>i

=]
=
A

Qi

A EreEs AAS & Aa VAR dxzste] 2 oA
t}(Figure 3).
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2.3. & OFA ua HH¥

A AeE ARgste] 2 gAY T BstE 3%, FEA
S AEsty #FF IsdEE a4 & ETSES
VEEAR  FFIALAE AREEler, 969 wholAREH o] E
A43l== 4% Phenol-sulfuric acid ¥ AFE3FY] 490 nmellA
fola2Z9olE  HZ7]|(Spectramax 190, Molecular Devices,

USA)E &3l AZFedd17]. & /84 % 7E=4=
degE2AE AFEE 9, carbazole—sulfuric acid M-S AFE-3}o]

525 nmollA A=A TH[19].

2.4, dolg A BA 24

Ao AF A HolHES AXH= AE X2 73 (Microsoft
Excel 2016, Microsoft Corp, USA)S 38l A EHom, HxF
AA fHolE &= wlol| a2 EHo]E do|lg FA X 73 (Softmax pro,
Molecular Devices, USA) 2.2 HZEHAt. F=HE 7+ I1&F HolH g
A4 #4Es fste] doly AEl/wA Z=E 1% (Graphpad prism
version 6.0, Graphpad Software, USA)©°] A% It} Unpaired ¢—
tests + two—tailed, unequal variance, Welch—corrected Z71°j|A
FaHgom EAA F9A4 71FS p<0.05 & AAHYC



Ginseng powder
Hot water extraction
(90 °C, 4 h)

Discard insoluble residue Repeated 3 times
v

Ginseng extract

Concentrated under
reduced pressure

Condensed ginseng extract

Precipitation with 80 % w/w ethanol

Centrifugation
Discard supernatant

Alcohol-insoluble residue
(AIR)

Sevag reagent
(1:4 n-butanol:.chloroform, v/v)

Discard organic layer
Ginseng crude polysaccharide

Figure 2. The scheme of preparation for ginseng crude polysaccharide
fraction.
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Table 1.

Information on the varieties and nationalities of collected white rice samples.

Variety IDs Nationality ~ Variety IDs Nationality
Jjaponica J1 Korea indica 11 Thailand
Jjaponica n Korea indica 2 Thailand
Jjaponica 13 Korea indica 3 Thailand
Jjaponica j4 Korea indica 4 Thailand
Jjaponica 35 Korea indica 15 Thailand
Jjaponica J6 Korea indica 16 Thailand
Jjaponica J7 Korea indica 17 Thailand
Jjaponica j8 Korea indica 18 Thailand
Jjaponica j9 Korea indica 19 Thailand
Japonica 110 Korea indica 110 Thailand
Japonica Ul China indica 11 Thailand
Japonica 12 China indica 112 Vietnam
Japonica 113 China indica 113 Vietnam
Japonica J14 China indica 114 Vietnam
Japonica 15 China indica 115 Vietnam
Japonica 116 China indica 116 Vietnam
Jjaponica 317 China indica 117 Vietnam
Japonica ] China indica 18 Vietnam
Japonica 119 China indica 19 Vietnam
Japonica 120 China
T i
11 M 2}



Rice powder

Defatting with 1:1 ethanol-ether
Centrifugation

Discard supernatant

Precipitant
(defatted flour)

Precipitation with 80 % w/w ethanol

Centrifugation
Discard supernatant

Alcohol-insoluble residue
(AIR)

Dissolution in water

N

Discard insoluble residue Enzymatic digestion of starch
1. Amylase treatment

(2 U/mg, 40°C, 1.5 h)
" 2. Glucoamylase treatment
(0.3 U/mg, 60°C, 2 h)

Centrifugal ultrafiltation
(Vivaspin 500®, MWCO 5000,
Discard filtrate . 12,000 rcf, 30 min)

A

Rice polysaccharide

Figure 3. The scheme of preparation for rice polysaccharide fraction.
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1. 23 9 1%

1L A4 B3

Jm

4 24
1.1 QA oo 2

& FA AAgHor dojx A FudA
Asgdol v 4 23 st
t}. Phenol—sulfuric acid H& AFEste] A& 3o
SR gaA i oAFE A4S A, HEetA EHEHe 7N
v 77 #EEAG(Figure 4). T4 oA &
Algdae A dojxlow, A oEA e ¥4
Al g el A dojFet. F 2.750 g9 =ugA
A 24 1.357 g, AHd o3 AlZA] 0.198 g= &
56.5 %= ARSI olE Foke], 1ae tiAle shehA Ao
= 7 O9A 2FeE FE9E F Uss

A5 HiEgo R e d5s

J (e}

A B8l ¥ el x9E] S A

o g e
m{m
By
i
&
¥°

L i

ME
32

oXx, ol -l
do o el
i)
rl

flo

L2 A 2384E v FF

doxl F FZolA BN AR AREste] F BstE, T fEAh
T oA IS Aty AE HEEE ket VEEdE
=532 39 Phenol—sulfuric acidf o2 At T ©53tES
T wgelA 774 %, A EEelA 257 %oli, m-—
hydroxydiphenylf] 2 A#st T F242 T4 A4 0.8 %,
A E8eA 282 2 SHHAT(Figure 5a). & ©3tE $HEF
e S=A B e Uronic acid content (ng/9) _y o] xpA 3 o] A

Total carbohydrate content (mg/g)

2 Oﬂ H]?’H 882HH zorng T % Z_:}BLEE}\]. Tz=

Z2A 23 Zt= A" R
thdA ]l vlgo] A REOA dEFHor Eua FYT Qv
g A A T4 EFelA 1.82 %, A EgelA 5.07 %9
g do]  HEEL ol fol2 nd FAAeA SHsE W
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Phenol-slufuric acid test absorbace

Separation (with DEAE-cellulose)

Neutral fraction

Acidic fraction

tube

Figure 4. Separation of two polysaccharide fractions on DEAE-cellulose column.
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(@)

Absorbance Concentration (mg/mL) Percentage (9/g%)

Total carbohydrate 1.35 0.155 774
Neutral Uronic acids 0.02 1.56 0.8
Acidic Total carbohydrate 0.67 0.056 282
Uronic acids 0.16 51.43 25.7
I 0.8% Uronic acids
Neutral
I 7 7.4%
Total carbohydrate
I °5.7% Uronic acids
Acidic

I 0529 Total carbohydrate

40 50 60
Percentage (g/g%)

(b)
Protein content (BSA standard)
Neutral Acidic
Average. 0.12 0.15
(Wiw) % 1.82 5.07

Figure 5. (a) The content of total carbohydrate and uronic acid in two

fractions, (b) The content of protein in two fractions.
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(@)

Norm.

700
600
500
400
300
200

100

10 11 12 13 14 15 16 min)
10000
9000 e Arabinose
8000
. . Galactose
700 A - Glucose
Glucuronic acid
£020 Rhamnose
Mannose
5000
4000 Standard Equation R square
Arabinose y =90.155x+ 16.59 0.999
8000 Galactose ¥ =72.947x- 5112 0.998
Glucose y =70.923x- 25.79 0.999
2000 Glucuronic acid Y =65.872x+4.46 0.996
Rhamnose y =50.206x+ 753.15 0.960
1000 Mannose y =45.04x+ 1091.6 0.931
Galacturonic acid y =43.845x+212.4 0.998
0
0 20 40 60 80 100 120

Figure 6. (a) The chromatograms of 7 monosaccharide standards, (b) The
calibration curves of 7 monosaccharide standards.
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Table 2. Monosaccharide composition of two polysaccharide fractions and pectin standards.

Monosaccharide composition (%)

Mannose  Rhamnose GluA GalA Glucose Galactose  Arabinose  Unknownl Unknown2
Ginseng neutral fraction 0.0 0.0 0.0 0.0 97.9 1.1 1
Ginseng acidic fraction 0.0 0.0 1.3 322 24.0 24.4 18.1
Pectin from apple 1.2 4.3 0.0 59.0 10.5 12.6 6.7 23 35
Pectin from citrus 1.9 7.6 0.0 553 52 234 0.0 2.8 3.9

GluA : Glucuronic acid. GalA: Galacturonic acid
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(@)

110
48.87 cm: om-
-k Neutral 2064.42 om-1
Acidic
124ab,
1340
1639.2 omf1
0o 020 ] ' om-1 i
12¥9.04 ¢
420 0me 13.% om-1
%T
B0 141453 om-1
11522
1610.27 em-1
14;73
il
334878 om-1 C=O related
3375.78 em-1 region
1 2 -1
1028.84 cm-1
20 " 1 1 1 1 1
4000 3000 2000 1000 600
Wavenumber [cm-1)
(b)
110
Pectin from citrus
- Acidic fraction
sk
%T
ok
a0+
20 " 1 1 1
2000 1500 1000 800

Wavenumber [cm-1]

Figure 7. (a) IR spectrum of two ginseng polysaccharide fractions, (b) A
comparison of IR spectrum of acidic fraction and pectin from citrus.
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Calibration Settings
[Number of Calibration Points__|5 |

| Calibration Type [Cubic |
Calibration Coefficients
[co C1 | c2 | c3
[ 13.6549 -0.7910 [0.0274 |- 0.0005 |
6.0 T
5.5
:'E 5.0
2
@ 45
3
© 40 +
E
235+
30 +
25 + t + + t t 1
16 18 20 22 24 26 28 30
Retention Time (min)
| Peak Number Peak Name‘ Mw/ Log(Mw)I RT (Repl. 1)] RT (Repl. 2)| RT (Repl. 3)] RT (Repl. 4)
[Da] [min] [min] [min] [min];
1 5 803000 5.905 16.908 na. na. na.
2 4 393000 5594 17.867 na. na. na.
3 3 113000 5.053 20.292 na. na. na.
4 2 10000 4.000 24.242 na. na na.
5 1 342 2534 28933 na. na. na.

Figure 8. Calibration curve of molecular weight by 5 pullulan standards

21 S B8 i)



Averages and Polydispersi

Number Average Mn 4886
Weight Average Mw 117557
Z Average Mz 535023
(Z+1) Average Mz+1 880157
Polydispersity PD 24.06
06 T 47,000 7
05 )00 1
g 04 + 1
£ 560
o 03 T 1
92
? 024 .
0.1 + i
0.0 # t t t
6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20

Ig(mol. weight)

Figure 9. Gel permeation chromatogram of ginseng polysaccharide acidic

fraction.
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2. 2 FFT O3AY FFH v B4

2.1, FFZ 2 O9A w4 FF

Zor, bt Hl=, WER 4=l FRE 27 F59 ol gl
T ©rslE g9 g2 g5 B45ta BAF R Hluskith &
gstE Sy fEAF S MY A FF59 1g9 mg o=
grtE AT S skl ¥ japonica FFONA F OEFEES
skl 6 — 30 mg/gl® UhFS
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tests® #FF 1t X]'O]J A T8 E £ 3
o] A9, p—valuex 0.072.% 95 % Aoz HAAH 7]
T s AP BAA A7 v BV s
ZFol 49, p—valuex= 0.0424 + 17 7+ 79
3tk A3A o2, o] japonica ¥%5°] indica FFel Wl o
et e et AM S 9rleh, Okﬁlﬂ@—o«i el A
A=

FA 9] H]E&°] japonica #F Y FAH ¥ & F A

9 >
T 1 o
2 orlo (oo

23 ] 8- ‘_]l =1,



J20

J18
7

Japonica
~
=

Indica

Total carbohydrate
——
[ —
P——

Uronic acid

Total carbohydrate
—_——
I 4
[E——

Uronic acid

Content (mg/g)

40

Figure 10. The amount of uronic acid and total carbohydrate in each sample.
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(A) (B)

Total carbohydrate content Uronic acid content
30- 30+
p = 0.07

—~ 20 —~20-
> C
(=1} =]
E E
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& 2
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o] O
© 10- © 10-
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N 2 2
Qoo‘ Qoo‘ &
¥ ¥

Figure 11. Comparison of polysaccharide content between two varieties.
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IV. 28

QM (Panax  ginseng) ©EAIY] A #82 Sol&
ARetEIZH TG A 2adAE EEste] A
Ae)A F3H, A £y AazetEdy 24, O 24 B48 55
oFgstalQl @so] Xy AMY tdAl= A oA g &

Fat ZghEo] glom, AR EANE2.2%)S  HHAR Fe
g ol FFEIA24.0 %), BHEA(R44 D),
ofgH =~ (18.1 %) E FAE FEF dFUS st <14k
23 oAl teert ol std FEE A8k, A e a4
st Held xpo]lE HER ST

A (Oryza sativa)®] japonica #&¥ indica FFNA BIFAE
FEote] T EFsEd f24Y @Fs AR oE A% 43
japonica &ENA FEAF @ FAa> 7.1 mg/g ©l%Hh indica
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zko] 7h vkl FekE QAT
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o] ATE Batol, A% fel A TFAY B /P FYsAt
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A77h FEH A0 v w aRHow AWT & UL
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Abstract

Acidic polysaccharide can be extracted from cell walls of leaves,
seeds, and fruits of plants. Including immune—stimulating activity,
anti—fatigue activity, and anti—hyperlipidemic activity,
pharmacological effects of the acidic polysaccharide have been
studied independently in many different plants. We analyzed
physicochemical properties of ginseng acidic polysaccharide, which
1s representative of natural acidic polysaccharide. Additionally, rice
polysaccharides were extracted from two major varieties of rice
and compared among cultivars.

Properties of ginseng polysaccharide were characterized from five

analytical perspectives, including ion chromatographic fractionation,
colorimetric quantification, monosaccharide composition analysis,
Fourier—transform infrared spectroscopy, and molecular mass
distribution analysis by gel permeation chromatography. Ginseng
polysaccharide was separated into two groups, neutral and acidic
fraction, which are composed of galacturonic acid, and glucose,
galactose and arabinose as major monosaccharide constituents. It is
analogous to pectin—like polymer represented by archetypal
homogalacturonan structure. Based on FT—IR spectrum, carboxyl
groups of the ginseng polysaccharide were identified, which showed
a large absorber band at about 1200 — 1800 wavenumbers.
Analysis of molecular weight distribution revealed that acidic
fraction contains polysaccharide molecules of different sizes, one of
which can be pharmacologically active.

Two major varieties of rice, japonica and indica rice samples were
collected from 39 different regions in Korea, China, Thailand and
Vietnam. The total amount of carbohydrate and uronic acid in rice
polysaccharide were measured by colorimetric methods. The total
polysaccharide content differences in the acidic polysaccharide
fraction were not statistically significant as p—value of 0.07, but the
uronic acid content showed significant differences between the two
groups as the p—value of 0.04.

In this study, we constructed methods to characterize and quantify
polysaccharides derived from plants. Based on the analytical
methods developed in this study, additional studies will establish

methods to qualify and quantify the overall polysaccharide of plants.
29 21
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We hope our research will help in the field of product quality
assessment.

Keywords: Polysaccharide, Ginseng, Rice, Composition analysis
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