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Abstract

This study was conducted to investigate the characteristics of nonstarchy poly-
saccharides in Korean ginseng, (Panax ginseng C.A. Meyer).
The results obtained are as follows.
1. The total sugar content of ginseng roots were decreased with increasing the cultural
period. On the other hand, the crude fiber content was increased with that of the
ginseng leaves or stems. But the crude fiber in root was much less than that of leaves

and stems.
2. The dietary fiber content of ginseng root on 5 years old was 14.20% as neutral

detergent fiber, 9.08% as acid detergent fiber, hemicellulose 5.12%, cellulose 7.98%
and lignin of 1.10%, respectively.

3. Much more pectin was found in ginseng roots which was cultivated for shorter
period. And it was contain~d much more in the root than in the leaves and stems.

4. Ginseng hemicellulose content in root was 5% to 10%. It was decreased with increas-
ing cultivated period. Hemicellulose was constituted of xylose, arabinose, glucose,
rhamnose and xylose of these sugars was the predominant.

5. X-ray diffraction pattern of ginseng cellulose showed maximum intensity at the

interplanar angle of 4.1°.
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2% (w/v) amyloglucosidase H#K2E @EMEL neutral detergent fiber (NDF) & 4 #Eslr o
710l acid detergent ®# (2% cetyltrimethylammonium bromide® &H% 1IN-H,SO. &%) &
gl hemicellulose® 43 fl8le] acid detergent fiber (ADF) E o <lek. ©]& vh4l enamel pan
b4 72% H,SOBHWEE celluloses 748l 1 && Mhasksicl, &8 lignin® LI L2 % 4
T AR b REE S525CE IK{Este FER o2 Nl lignin®] GBS BW @mstlelr

Ginseng
Defatted ginseng filtrate
| 1
Fat Defatted Ginseng

refluxed with sodium lauryl
sulfide, digested by amylase

Filtrate Residue ( neutral detergent fiber) ]

boiled with acid detergent
solution

-

| b'iltrate(Hemicellulose)] LResidue( acid detergent Fiberu

treated with 72% Sulfuric

acid solution
1 1

I Filtrate ( cellulose) Residue

ashed at 525TC
I i

Lignin (ignited matter) Residue (cutin)

Fig. 1. Schematic diagram for the extraction of nonstarchy polysaccharide in ginseng
plant.
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Ginseng

extracted with acetone

1 |
Soluble Insoluble
(syrup, oleoresin)

extracted with boiling water

]

Insoluble

Soluble
(gum, pectic substance)

delignified with NaClO.
I 1

Holocellulose Soluble

extracted with 17.5% NaOH

I 1

Supernatant aCellulose

acidified with HAc (pH5), dialyzed
| 1

Supernatant ppt \
(Hemicellulose A,

evaporated and added Ethanol
[ 1

t
Supernatant pp
> {Hemicellulose B)

concentrated with vacuum evaporator, dialyzed

Fraction G

Fig. 2. Schematic diagram for the fractionation of hemicellulose in ginseng plant.
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Table 1. Operating conditions of GI.C for the analysis of sugars in hemicellulose and
fraction G.

[nstrument Tracor GLC model-550(U. S. A.)

Detector Flame ionization detector

Column Silicon OV-330, 2% on ln()port HP 60-80 mesh, 3mmx2m(DUAL Column)
Column Temp. Inlet 245C, Detector 265C, Column 100-155T, Programing temp. 4C /min.
Carrier gas N: gas 55 m]/min.

Detector gas Air 14FSCAT H. 60mi/min.

Sample size 5

4) Cellulosef] Hut /s = X—& 14
ABHE uste] oleb&ab w3 o EERO.E 12850 EifiAl A KRS ol sl B sh o

Table 2. Operating conditions of HPLC for the determination of sugars in hemicellulose

B fraction.
Instrument Gradient Liquid Chromatograph 334 (Beckman, USA)
Detector RI(SE-11, SHOWA, Japan)x2
Column Lichrosorb-NH; (4mmx30cm)
Solvent Acetonitrile-H:0 (80/20, v/v)
Solvent flow rate 2ml/min.
Chart speed 6.5mm/min.
Sample size 20

0.25% ammonium oxalate 90T A 2B§MH st  ©ES E S8, BREIACE o7l
oA EfEsE 1% NaClO & fushed 70T o] AKig kol 4 18§ MR @Aete lignin® Bk
kGt o] & 100 Q) - R 7oHEN Eﬁ"]ﬂ holocelluloseoll 4 KM MBS B F#3F1L0.5
%, 1.5%% KOH @By 25C o)A 728815 #it3le] hemicellulosed B, EERE cfR-
cellulose® A i} ™

TR AL E B # cellulose #5509 X—# FEBES AL %5]*“1 X—ray diffrac-
tometer (Geigflex [ll A—Rigaku, Japan)& FIHisted thS s} 2+ @2 piflle sslgdt,

A Al & WAL HhiE cellulosed] HEREES] AUKS BI@shyl B3kl 30K 72% —H, SO,
= ke idel A BiPshe A 3RS pARSEIL HL,OF hnsked L #ERevb 1.5Ne) HEE R
stk ol & 1002 3HFM) AR vhg CaCO,2 d1fIsled 80% oleb8-2 hhH) & M she
LERS MR st MK S0mlR E#RAVE. o #E IR—120(H") 2 IR—45(0H) 2] o] & &
HBHIE columnoll MLMAIZLF 2.0ml2 FME BEEAIA HPLCel (kAshe) B kS BEshsict.

Table 3. Operating conditions of X-ray diffractomer for the analysis of crystallinity in
ginseng cellulose.

Instrument Geigflax TIIA. Rigaku, Japan
Target Cu, Karay
Detection Counter detector

Voltage/Current 30KV, 30mA
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|
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L
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1
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|
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i
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Insolubles
(cellulose)

Fig. 3. Schematic diagram for the separation of cellulose in ginseng plant.

M. &R A EE

1. —AaRk

Ao R P el & —8 Ky SRS U S8 Table 4014 ®i- wpelte] &
ERA L R MRS RS £ #qbob oo #elo] A iR =B~y
SEel ALl #brk gslel.

MRIH VX fEE A RS el jhfrol 4 55.03%% o]i: 49 27.09%9 E19 19.72%2 2
5 ~2.8f5vF Sl o] MERES et Vi 23.5% % olxk £ Brel 20.5% % 19,4%
B ok gho] G A=lo] i Ao Jpebubebl Crofol HBEHES &R Wl HE 3 ~5F
Holl411- 4.08~4.79% 5 & EF7F gLl 6l 4= &l 23] WHinsked 6.58% 5% 1.5% 7t
=l gieh, =gF Y3k E718 A 3 ~5 M ks % & 2%, 3£ Libeolvh sk

falhiel 45 94 3~5 t’onil A= 2.3~2.7% % o R4 el gERA A 3.5%
2150 Wimstadod e A 567 23R e Fe A9 3.9% % 1.6f%o  wEkdd
o},

SA 3B, 4FEM D SRS MR RS AR BRI ddod 6B A5
% b W=l Ak, olei gt B%> AR ANE{EVE 6 M syl gl obvlsh IRV,



Vol. 8, No. 2(1984) edgl4ahe) w4 vheki (1) 97

olelth MY fEE obHZbA AR, B B Ae Sk @Y Takiura® 8
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Table 4. Proximate composition of ginseng plant*
(Unit . %, dry basis)

Cultured vears Moisture Total sugar Crude protein Crude lipid Crude fiber Ash
3(root) 7.7 58.51 21.3 2.7 4.79 2.61
4(root) 7.9 53.53 24.9 2.3 4.08 3.18
5(root) 8.2 56. 94 23.0 2.5 4.18 3.14
6(root) 7.4 51.24 24.7 3.5 6.58 3.38
5(leaf) 6.6 27.09 20.5 5.6 9.22 4.70
5(stem) 8. 19.72 29. 4 3.9 14.13 3.31

* picked on September

2. kBHHE sE 2R
Goering van Soestikell 2|%b A% ®8, iz R 00 A% neutral detergent fiber,  acid

detergent fiber. hemicellulose, cellulose, lignin ¥ pectin®] &iag Table 58} 7ch,

Table5. Nonstarch polysaccaride contents of ginseng roots with various cultured year
and picking month.

{Unit: %, dry basis)

Picking Cultured

month years ~ NDF* ADF** Hemicellulose Cellulose Lignin Pectin
3 22.32 16. 36 5. 96 15. 32 0.83 8.23
4 18.55 12.13 6. 42 11.59 0.52 7.47
June 5 17.29 9.16 8.13 8.33 0.83 576
e 6.....2L0L 934 167 850 127 61l
3 17.76 5.35 12.41 4. 52 0.76 6.84
4 16. 26 6. 84 9.42 5.70 1.06 3.78
Aug. 5 15. 23 7.07 8.16 5.85 1.22 3.62
e 6. 158 746 840 630 126 445
3 16. 89 6. 31 10. 58 6. 07 0.22 5.13
4 17.25 7.27 9.98 6.35 0.92 4.49
Sep. 5 14. 20 9.08 5.12 7.98 1.10 4.77
6 16. 44 11.57 4. 87 10. 41 1.14 4.99

*neutral detergent fiber  **acid detergent fiber

ol & JEMEM: HBERHS- AU BSR4 ol b gum¥lyF hemicellulosel BEHE, L
2l cellulosest lignind MHEFTZ p¥rslo] Shel. nvdo) of2kzbe] ¥ap Mimislm ol MK
9] AOACHHrik iy #AEro) 5ol abebd gyfgol ok witiilell ofsl mgsl Ak =i K
P AR sl 0] Ak o] BAEE RNl el ubd gb g cheb e stel W H Tl sz
Babalal 4 K 458 - American Association of Cereal Chemistsel]l 2]8) 805l Goering van
Sovstifitz®oll whel spfyal ghoful

o1z 3E4BS] 74 NDFI- ¥ty o] 16%el=nk Hyli ABISE gEE ¥ o™ ofo K
sbed ADFi= 6 F BRMt Aol 4 el o 5 wrbel. - BRE 2o 84 9H
ol FRHREl AL L FEol Hb3l LAf 60 UMY Wihslsdvl. Srelan cellulose®] G
2 Afkhe R 6 ol mSIslnl Ghtel 8 Aol kol Misldlhet b4l 9 el WnS] s
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Table 6. Nonstarchy polysaccharide contents of ginseng leaf and stem with varous
cultured year and picking month.
(Unit: %, Dry basis)

Picking month Cultured years NDF* ADF* * Hemicellulose Cellulose Lignin pectin

3 22.71 2.92 19.79 1.46 0.21 5.32

Aug. (leaf) 4 25.63 11.53 14. 10 10. 27 1.27 5.67
.................................... 5o 2580 15,24 9.94 . 1352174 5.12
3 23.70 15.04 8.66 14.23 0.81 7.65

Sep. (leaf) 4 31.17  17.61 13.56 16. 34 1.28  10.53
.................................... 5...3517 2243 1274 . 20,08 .. 1.68..12.97
3 49.11 26.78 22.33 17.11 9.67 12.35

Aug. (stem) 4 53.38 36.54 16. 84 28.64 7.88 11.26
.................................... 5.....A48.85..39.70 9.5 . . 35.46...4.22. 1334
3 54.12 37.93 16.19 26.97 10.94 16.25

Sep. (stem) 4 53.40 40.28 13.12 32.03 8.25 17.55

5 56.18 47.35 8.83 41. 89 5.46  15.84

*neutral detergent fiber **acid detergent fiber

2o g kel EEE lignin 8 B8 Izt ko] o® #F mijuslis Ao® vhebykcel,
el adzk F2) el Mt SR G S 2 Table 63 o] NDF2E ADF ¥ cellulose
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Bl oRcohis 2570 44 52 s chebdeh m3F ASQ Y] Aol AbA], bR, AEE ¥
T2 Q3 hkested ¥ hemicelluloseof AAnk ShE 3 viel =] JEEEHE SR sl S
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W RE S S AUt ZAgket AR dol e Kol 0.9 1, 14: 1R “rf°¥
A ol KRB E71dl cellulosert %88 vielbwar olgle},

=& & A EB ol HE pectin® AES Eu KEWSE 678 BRI % A2
2 el 5.8~8.2% v S0 H pecting B EEINTE AL ERFI Eob Eebrb A fiel gbell v
b AR Hbslddvek, = BE AR &3 3&@"”‘1 pecting Bol 7H4 Hoo= 9 Ho| it
o Felo s EEYE 2 G B Ao
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A8 HK EY 3~4%5'-‘4 45 Llbolvh 54 A& vhebutef,
i

g ABHRE pectin® -2 shAGob JhEishd e o wl ol bl skl ot apa, wt
7] Brohis w]gsh A ekt E%‘ik—‘l“’% EE, BFol Hebis 2% phle] mhgkcl,

3. Hemicellulose®| %14
Hemicellulosets #IQBES HEMGSH - B8 2 A cellulose. lignin % pentosanzt A (£ {18}
o of = Boll Mol NaOHE fhiiH= - #ifolnt.

Table 7. Compositions of hemicellulose fraction in ginseng plant*
(Unit: %, dry basis)

Hemicellulose fraction Root Leaf Stem
3vears 4years Hyears 6years HSyears 5years

Hemicellulose A 4.824 2.209 1.121 0.458 0.479 2.219
Hemicellulose B 1.066 1.249 1.130 2.144 1.951 3.478
Fraction G 4.694 6.525 2.870 2.267 6.718 3.132
Total 10. 583 9.989 5.121 4.689 9.148 8.829

*Picked on September

Hemicellulose®l M5r& Woolard® el 73 $Jjikiel] ahel obal Efgoll =11 hemicellulose A
fraction, obAl Efgol (== 1 LiBSE olsl S 2 M @A 7 hemicellulose B fraction,
2eli A KiEtE olekS EBR-E fraction G BErstded L 8-S Table 730 7o),

FARG M AEY 3W4R AL A fractiono] 4.8% % A wtol 4~ 6 ERA A (ra-
ction G7} 2.3~6.5% % #strl,

Al Mol a8 A 3FERAA 10.6%011 Aol 4R ¥ S5HEMAA HA FAES 6
FHR A 4.7% 2 BLgch, B o3 £712 hemicellulose fractiondl 44 fraction A, B
b Fololl w2dl K fraction Ga= 2Bl Yol 2,265 vkoke}.

Hemicellulose A fraction®] S & B-2 Table 8ol A4 Hi=upel sro] 3ZiEHel 41+ galactose
o] hg sk em 4EMI S5EBRC AL glucose SHol, 1elil 6 EMRl A4 arabinose
o} xyvlose ol M3 wotch. &tk ABiBol A B 4B AN ¥ arabinose. xylose
222 glucose?t K& o2 ASE & + AArt.

gl o Bzl BEES 2w glucosert EE ol R it Kl galactosest ofF &gl o o
F71 ezl "'15" xylose2} arabinosenbo 2 #RE=EIgl o o} & B2 Ao} ¥ £ ¢},

Hemicellulose B fracrion®| #1582l fWK-2 Table 93 #hvb. I, 3 1Mo 44 wlucose 9
Fhio] 39.6%, galactoserh 37.8%5 o H-E-8 Aolglom 4 W 5 A palaciose
o} arabinose’t %% 38.6%%F 28.2%, 36.1%9F 33.5%0l AU 6 4Bl A1~ xylose®] % kol

Table 8. Sugar composition of hemicellulose A fraction in ginseng plant*
(Unit: %)

Cultured years Arabinose Xylose Mannose Galactose Glucose
3 (reot) 20. 20 20. 60 15.75 25.25 18.18
4 (root) 11.43 26.72 16. 56 10. 00 32.25
5 (root) 21.04 26.72 10. 80 12.00 29. 44
6 (root) 23.22 23.22 18.77 14.25 20. 54
5 {leaf) 16. 43 13.72 23.91 3.86 42.07
5 {stem) 44. 34 55. 67

*Picked on September
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Table 9. Sugar composition of hemicellulose B fraction in ginseng plant*

(Unit: %)
Cultured years Rhamnose Xylose Arabinose  Mannose Glucose Galactose
3 (root) 4.73 . 4.51 5.17 8.14 39.60 37.84
4 (root) 5.02 9.64 28.17 6.54 12.05 38.56
5 (root) 4.73 13.18 33.50 4.69 7.71 36. 12
6 (root) 5.47 35.14 27.77 4.08 6.70 20. 84
5 (leaf) 0.65 30.04 27.82 4.57 8.97 22.88
5 (stem) 4.95 71. 86 9.30 2.56 1.78 9.55

*Picked on September.

35. 1%, arabinose7} 27.8 ZLE|lil galactose”t 20.8% Gtk &3 #nk Y E 2w xvlosedr K
Brime] fibnell =gl &ps sofvkis AE € 4+ U929 mannose, glucose ¥ galactose 2]
B8 o gl =tet s @S Lok

s Tl e B 48 51 4 ffrol Aa: rhamnose2t mannose?t 0.7%,4.6% 2
3] 42 "9 xvlose, arabinose LB galactose?t #14 gol %% 22.9~30. 0%+ =b=A|E
o dgdet. ool vlal E 7ol 44z xvlosert 71. 9%k Slo] #kEES] dl¥-Holale ™ glucose, ma-
miose L8] rhamnose7t oh& Hifzh wel b A & 50,

A &l el B 8 % Bzl @€ hemicellulose B fraction®] BERUK
ek BR7Ee oA AU il ¥% B 2 o & ol 7 Bkt & 7 o ol L
g #5R cheak Zeb M, Tharanathan®? {6/ & Fel fEE hemicellulose B fraci-
tion?] BAIES e £5%8 arabinose 51. 4%, xvlose 18.6%, glucose 11.4% %2 Brillouet
oo 9789 hemicellulose B fraction®] #1 o] arabinose 48%, xgloce 41%. galactose

3.5%, glucose 2.5%et #dtdct. o] & hemicellulose B fraction®] K7 S &3] phhe
2 RS 5,64 ABHBY hemicellulose B fraction®t H#E = arabinose & &3 xylose
o] Z&ol AR pectinddl v el FHslo] dvkis AL &ghet

EZ Woolard%® 2 -9 hemicellulose B fraction® HM/33ke] arabinose:xylose:glucose
7b 1.4 1.00 0,280k WS wh o= SIEMR A#C] 0.8 1 0.29F &y = AR =+

TEcl arabinose & &0l A AL & F Ak

Buchala%®-2 X.elff hemicellulose B fraction®] BEHULES B ARZ 543k #5% arabinose
9} galactose®| GE-Z el A LKAHAE 2] - Bihushel 4UBES) S MRS T xylosens  IEE
7= WA L glucosers A ER s el Advkir sk sch. o]i= A% hemicellulose B
fraction®] BE& N kol ] -3 WHow mgals et

Table 10. Sugar composition of hemicellulose fraction G in ginseng plant*
{(Unit: %, dry basis)

Cultured years Arabinose Xylose Mannose Galactose Glucose
3 (root) 20.79 26.97 24.16 14. 06 13. 48
4 (root) 18.54 43. 26 19. 66 - 18.54
5 (root) 25.53 56. 17 17.02 trace 1.28
6 (root) 19. 10 23.60 39.33 trace 17.98
5 (leaf) 23.22 19.90 21.33 21. 47 11.37
5 (stem) 22. 46 15. 09 23. 86 25.96 12. 63
*Picked on September.
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g Ad M Y hemicellulose fraction G2 88 AU Table 105} #bcl, ), 3481
4l A s xylose, mannoase ¥ arabinose® HIKS Qo 5l A4 FR sviese$t ara-
Cbinose® 6 R A= mannosest xvlose® BUME o Adalvl. Ll b iR BRI 0] galactose
e obF Agdch, mal olab Folel 41 Welol 4 Giie] MKl galaciose®] Gael 73 v
2 o B vFERESH mannosest arabinose®l GhHID o]sh wjsh Gio] el & ¢
geh, LAk hemicellulose®] B8 HUkell of3F B bleh #hol obal 3l vhd o #iis]
a2l FolH fhel ﬁt‘l#d{/f»"l el el ol g e shel ¥ 4 glv)

ol el Wil 4 A & (72l hemicellulose®l #WK BE HUKel A7 arabinosesb xyvlose

ol Ao Wobd A hemicellulose! - arabinoxyvlanel 1§ o531 ot~ o« 7hxlc),

4. Celluiose2| #3514

1) X84 iy

RHEPT-S rne] Mol <ol BIeRE MdSah B Slo) oy s ol X -fe] e oo
A TR doFlvhes KBS K BH AN D collulose® X —# hTiLo Kidh
,% A 2 lnufr[m%&;é—i- Fig. 4% 59k 2k % Bl fililksg fdcsl 2= Table 113% zbch.

% RF collulose @] LR £ lL*!ao}“i el Bhrel A B e dvh 20~21A, #4549

& - nilibs 4. 1752l *i SLogliiel sbg sk o Wify dvF 16, 4A, &5del B ifilike 5.4°
Featoll A iy b obgoow ghig) o ehE tumrfﬂoﬂ Az i 25 ggeked. &bl Siiie]
gleb o, crelar Fo1 G2l cellulose®] ik & il A 2] ol s g rd Eo)
Miprel d 22.45A, Ifilllks 2 63.956%l 4 L L E R giiERob el cbE Al Sl st
Al vhebsr e o el A d 3187A. 2 92.805%0 A i s E wed Wl Fol o gl
A kAl Bl Aak B/INE o] o).

Table 11. Interplanar spacings of ginseng* cellulose by X-ray diffraction

3years(root) 4years(root] 5yearsiroot) 6years(root) Syears(leaf) B5years(stem)

dA) 2605 d(&A) 260C) d& 24 (&) 260) dA) 260) dA) 26()

8.38 10.547 12.84 6.884 12.08 7.318 7.52 11.755 5.70 15.494 9.24 9.553
15.80 5.602 13.54 6.532 16.40 5.400 11.87 7.447 6.21 14.219 14.74 6.005
18.26 4.854 14.12 6.264 18.73 4.734 14.74 6.005 9.84 8.975 16.26 5.444
21.33 4.161 16.64 5.324 19.92 4.453 16.36 5.416 12.69 6.968 16.73 5.295
21.85 4.063 17.22 5.144 20.41 4.346 19.31 4.593 13.95 6.341 17.16 5.161
22.85 3.888 18.22 4.865 20.99 4.228 19.80 4.479 19.75 4.491 17.70 5.006
27.04 3.294 19.23 4.611 21.98 4.095 20.34 4.360 21.24 4.179 20.73 4.281
28.52 3.127 20.30 4.359 25.02 3.555 24.22 3.671 22.45 3.956 21.40 4.147
29.02 3.074 20.80 4.267 28.23 3.158 25.63 3.473 25.76 3.455 21.94 4.051
29.80 2.995 21.23 4.180 28.74 3.103 26.41 3.372 26.98 3.301 22.45 3.956
31.84 2.808 21.69 4.092 36.06 2.488 27.36 3.256 28.53 3.126 23.07 3.852
34.97 2.563 22.21 3.999 37.96 2.368 29.94 2.982 31.87 2.805 26.56 3.353

22.66 3.919 30.37 2.941 37.08 2.422 27.58 3.231
29.10 3.066 32.64 2.741 37.83 2.375 28.09 3.174
35.86 2.502 33.26  2.691 33.45 2.677
38.08 2.361 34.64 2.587

*Picked on September
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Fig 4. X-ray diffraction patterns of ginseng roots cellulose with various cultured years.
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Fig 5. X-ray diffraction patterns of ginseng cellulose,
(5 years-old plant, picked on September)
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2) Cellulose®] B #K

A Cellulose?] BEINBEALN-S Table 128F el W, o4 celluloserr FE glucose®
ncslol wteloll A 93.3% <ol A 90.4%, telal FrdlA 91.9% 2 chelk A cellulosens gl-
ucose?t B 929 = HENKSo] i A2 vhebskeh @ vl Al B xylosest rhamnose®
mrEledeh. Cnelvh ofeb4t2 BER At A ASTVARAES] Welx - fEEEER) EEEQIC).

Table 12. Sugar composition of cellulose in ginseng plant*
(Unit: %)

Portion Rhamnose Xylose Glucose
Root 3.07 3.68 93. 25
Leaf 4.32 5.26 90. 43
Stem 1.49 6.59 91.92

*5 years-old plant, picked on September

V. E ¥

ABO| bt S 4Rt *f?f’i—q e B RS vhg o el

1 ABRS FRA R &R 8- MRS wbst Jhd eelske] [RERION I°| ArE L

F o] ol HAl Fol Hlar o]ell ksl MM &S KEE M Hldet o ABR
'] RES E-E Yot F7 Bl ghcl 26% Llko] waton) HgHES &M 99 Aalc),

2 U Ao JiEpiEE BB W2 neutral detergemt fiber 14.20, acid  dc tergent
fiber 9.08, hemicellulose 5.12, cellulose 7.98, lignin 1.10% % ck.

3 ABHO pectin GRS RE WG] BE+% wotod e S0 o el guct
fel el 4 538 whgkel.

4 A2 hemicellulose GE-S AB% 5 ~10% 2 FHEEMMe AT5 KA s+ Blgs 2o

Qe

4 hemicellulose?] HHEE-S xvlose, arabinose, galactose, glucose ¥ rhamnose %o]

4 7 dpoll 4 % xylose2t arabinose®] &&o] 7}ab wiekel,
5 Ao Hel fhi 7#3l cellulose®] X-rav diffraction pattern® BZ &8 %],
3, F7 BT EfdhE 4.0 A sl oHE FE R A Gelike),
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