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80 A% J — )il -————-BEKFE1.0g (EZRER) 25015 EROFICAhE,
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d1&L%=.
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24% KERIEAY D LHIHEEIIE. B, XY/ —NVB LU —FINTEKRERE, ERL T
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[WS. PS, HC-1_  HC-IRUCLESOHMEER)
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BEFZBUCEENIRAKIEHO—EOSERIFEZR 1 1577 . BHRHIFREIMRE. IKER
REDBRIEL. £F 804XY ) — L TOMMAEETo =, COABTHRFLLEZDDOERK
FERgE . KicTEROLO% T8 - FVITHBES ) L LE, XY ) -V AEEWEITER
. INaAT7I5—HLAV T IS COMABRICEIBRT V7 U BEICH LR, ZORE
AETHREBIDYBELESELET TV o8W (VVa—2R) O8Ik Bio-Gel P-200%
NWERIOQT N T 5T 4—TiT2%e AZLDEL KR LABEDICEHL 284 T KTHNE
ZHES (WS) 1 &LE, ¥ 86NETNVO-ADOBEDIH>TTF VT U/ RELE. BT
YT UVREBETORIENEWEEY T RABMEZHEES ) & LE,

BRI EKRL. 000 H5DHE - FYITHBLUTFT U7y ORERIX. hEhF ¥R YUT 292.5
gL 1.8mg. NI AT 296.4ngl2.3mg. F 7 LV YT 120.6ngl4.6mg. F YA T
48.3mg21.3mg. LY AT 255.9mg¥3.Tmg TH o7, ChHBEE - 3 B %Bio-Gel P-
20 NVEBR IO M TIS T4 — 2L, B TFROHLEFAREZLIAH. WThIEEDL WX,
Higr "X EEFTYITHTH 7. LML, BTV ITHOBFEDRBEXIRE,

Triturated, freeze-dried leaf vegetable (1.000 g dry weight)
| Treated with 80% methanol for 1-2 hr at 100°C.
[ |
Insoluble Soluble
| Incubated with a mixture of glucoamylase and isoamylase for 24 hr at 40°C.

Insoluble Soluble
| Chromatographed on a Bio-Gel P-2.
I l
Vo fraction Vi fraction

I |
Water-insoluble Water-soluble Glucose derived Mono- and 0ligo-
polysaccharide ) polysaccharide from Starch saccharide

Treated with 0.25% ammonium oxalate for 1-2 hr at 100°C.

[ I
Soluble - Insoluble
Treated with 4% KOH for 24 hr at room temp. under N,.

Soluble Insoluble
| Treated with 24% KOH for 24 hr at room temp. under N..

Soluble Insoluble
| |
Pectic substance Hemicellulose-I Hemicellulose-II Cellulose
(PS) (HC-I) (HC-1I) (L)
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howss oo Ve (UA.) . 94 /—X (Rha) . 7a2—X (Fuc) . 75/ —R (Ara) .
Fyuo—X (Xyl) . v/ —X (Man) ( Va2 —X (Gle) . BXRUHFF Y b—R (Gal) »
HBMRENTNS, R=N—=702 ST 4—DHiz&D. BRIV VBRRBBIIHSIIY
OVBTHAZLdRENE, ¥ WSHOZEMRHHEEOBSGRIAOHERER212
2 S
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Water-soluble Yield Sugar composition (wt¥)
polysaccharide (Total sugar)

fraction from (mg) U.A. Rha Puc Ara Xyl Marn Glc Gal
Cabbage 40.9 87.3 2.1 0.7 2.8 1.1 0.6 0.9 4.4
Chinease cabbage 34.8 90.6 2.1 0.5 2.1 0.6 0.5 0.5 3.1
Spinach 30.5 72.1 4.4 0.4 11.8 1.1 0.8 1.5 7.8
Chingentsuai 26.6 72.4 4.5 1.4 6.5 1.9 1.7 2.6 9.1
Lettuce 41.1 87.8 2.4 0.5 2.3 0.3 0.7 1.0 4.9

a) Prom 1.000 g triturated, freeze-dried leaf vegetable.

F1LR2OERBIUBAIOHIEZHOLEMRELABE P IITHLE. WSKEEHRT
WEBEOARSIE. D- SO Vva VEBBEY a-(1-OESL-ESENEOL A T 51
aA-L-Sh) —ABEN (1->DESTHAINAEZES LI NSV F U THB3LERTE
Wo TDTAL/ —ABEIKEASLTWSLBbh LB, 75N\ ASI90H
BWETIECIHS Y BB RELZDOLERALND,

LU, IEETKEPSE ) —RX (T-Ara) | 3-EESHS U b—X (3-Gal) | 6-REEHTS Y
F—R (6-6al) BLUI,6-EEHS Y b—X (3,6-6al) OHEFZBOFLET. hIEREME (
FPINY HIVIVBEBINIT SISOV YY) 28 5BEE2BOMIc. FHZSE7 S
E/-3,6-S5 0% VOREDREHEORRTEZ 2N,

EEAOREXMIFER (R2) »bflliTaL. ChbSA WS VaryOMNBERELY
7S -3,6-S5 0% ORMBEICIZREMERYH S LBEDbNh S,

RiIZ. ThEhOKABHEHS ZHMREL TWASEBEOHEARAZ2BINT 52D, WSO
BELERICAF LI ZToE, 22 %312, FEhEhBSAFNMETLY b =LTE
F—bhOHRAZOR S LLAEINERDIAF VLTIV b=V 7T — FOBBRERT .
R3DTF—VEINPLTREBBOBBERET A LIIATETH A0, ThETOEWHNR
BEHOBMEICMTAREL DAIREZSE T I L IBEZHOBMENETAILNTE
b,

Thbb, WSFhOGETH., O WMEMELZEITLISIL/ I I7vary [-EG L4
Ea955/—RX (2-Rhat2,4-Rha) BB EhEZ 6] . @ 7a—-X2HT5¥Fvu’y
Why [ERERFEFIYO—X (T-Xy]l) | IEEARWT7 2 —R (T-Fuc) | -6 L4, 6-86
INa—R (4-Glck4,6-Glc) DFEE] . @ vVu—X [HEEFLR2BOG-EEINVa—R (4-
Glc) DFLE] . @ 757V [FEBITEKE. S-EABIUR-EE57I8/, —R (T-Ara, 5-
AraUr3,5-Ara) OBH] . ® (1->)-TS5 0% [&-BEETS 7 b—X (4-Gal) OFE] .
BIU ® OWT7 S I NSy [Br2OEAGRIEZDONIIN—-RLT7 I/ —RABRE
DEE] %42HI32E2H6NhE, LML, EhH6ZEOBRICRETFOENDS I LBEDbNh S,
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Peak Methylated sugar Deduced Amountsx ‘
No. glycosidic Cabbage Chinease Spinach Chingentsuai Lettuce
linkages cabbage
1 2,3,5-Mez-Arassx T-Ara 8.5 8.3 5.2 6.0 4.6
2 2,3,4-Mes-Xyl T-Xyl 0.4 0.8 0.1 0.2 1.4
3 2,3,4-Mes -Fuc T-Fuc 0.4 0.7 0.1 0.7 0.1
4  3,5-Me,-Ara 2-Ara 4.4 1.8 0.6 2.3 3.3
5 Unidentified 0.6 1.0 0.2 0.7 0.1
6 3,4-Me,-Rha 2-Rha 3.6 6.0 2.0 3.2 1.4
7 2,5-Me,-Ara 3-Ara 0.3 0.4 0.4 0.2 0.2
8 2,3,4,6-Me -Glc and/or T-Glc and/or 0.3 0.3 0.1 0.5 0.2
2,3,4,6-Meq-Man T-Man
9  2,4-Mer-Xyl 3-Xyl 0.4 0.6 0.2 0.6 1.0
10 2,3-Mes-Ara 5-Ara 7.0 5.5 13.2 4.6 1.8
11 2,3,4,6-Mes-Gal, T-Gal, 4.2 4.5 3.1 3.4 1.8
2,3-Me>-Xyl and/or 4-Xyl and/or
3,4-Me, -Xyl 2-Xyl
12 Unidentified 0.6 1.2 0.4 0.6 0.6
13 2-Me; -Rha 3,4-Rha 0.7 1.1 0.3 1.0 0.4
14  Unidentified 0.0 0.0 0.0 0.0 0.0
15  3-Me; -Rha 2,4-Rha 3.3 3.1 2.8 2.8 1.2
16  2-Me;-Ara 3,5-Ara 9.5 5.5 11.0 13.9 8.4
17 3-Me,; -Ara, 2,5-Ara, 3.8 3.2 2.1 4.0 3.0
2,4,6-Me3-Gal and/or  3-Gal and/or
2,3,6-Me3-Man 4-Man
18 2,3,6-Me3-Gal, 4-Gal, 4.6 2.4 4.2 2.5 1.8
3,4,6-Me;-Gal and/or 2-Gal and/or
2,3,4-Me;-Glc 6-Glc
19 2,3,6-Mez-Glc 4-Glc 3.4 1.9 1.8 1.9 2.3
20 2,3,4-Me3-Gal 6-Gal 12.1 5.3 29.1 14.0 8.6
21 2,6-Me, -Gal 3,4-Gal 0.3 6.9 2.0 4.2 4.8
22  Unidentified 5.6 - 0.8 1.0 1.3 0.8
23 Unidentified 1.2 2.1 0.9 2.0 1.4
24 3,6-Mep-Gal 2,4-Gal 5.8 1.7 2.8 1.7 9.3
25 Unidentified 2.1 2.2 1.4 2.2 4.0
26 2,3-Me,-Gle 4,6-Glc 3.6 6.1 2.5 4.6 5.3
27 2,4-Me,>-Gal 3,6-Gal 0.8 12.5 4.5 8.1 11.8
28 Unidentified 1.0 1.9 0.0 1.4 0.0
29  Unidentified 1.4 12.2 7.8 11.3 20.3

% The numerical prefixes represent the carbon atoms involved in glycosidic linkages in the original
polysaccharides. Prefix T indicates sugars linked through C(0)-1 only. #*x § total area.
2% 2.3,5-Mes-Ara = 2,3,5-tri-0-methyl-1,4-di-0-acetyl-arabinitol, etc.
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Peak No. Methylated sugar Deduced Amount®s
in Fig. glycosidic Cabbage Chinease Spinach Chingentsuai Lettuce
linkage¥ cabbage
1 2,3,5-Me; -Arassx T-Ara 2.4 2.1 4.1 2.1 1.6
2 2,3,4-Me3-Xyl T-Xyl 0.1 0.0 0.0 0.6 0.1
3 2,3,4-Mes-Fuc T-Fuc 0.7 0.4 0.3 0.9 0.2
4 3,5-Me, -Ara 2-Ara 0.2 0.9 0.5 0.1 0.1
5 Unidentified 0.2 0.4 0.2 0.4 0.1
6 3,4-Me, -Rha 2-Rha 1.6 1.6 1.4 1.1 1.7
i 2,5-Me,-Ara 3-Ara 0.1 0.4 0.9 0.1 0.2
8 2,3,4,6-Mes-Glc and/or T-Glc and/or 0.5 0.4 0.7 0.8 1.0
2,3,4,6-Mes-Man T-Man
9 2,4-Meo-Xyl 3-Xyl 0.2 1.0 0.5 0.3 0.0
10 2,3-Meo-Ara 5-Ara 3.1 2.8 19.4 2.1 1.2
11 2,3,4,6-Mes-Gal, T-Gal, 7.5 6.1 6.7 7.7 9.5
2,3-Me>-Xyl and/or 4-Xyl and/or
3,4-Me, -Xyl 2-Xyl
12 Unidentified 0.1 0.6 0.3 0.1 0.3
13 2-Me, -Rha 3,4-Rha 0.2 0.3 0.2 0.2 0.9
14 Unidentified 2.3 1.8 3.2 1.3 1.3
15 3-Me, -Rha 2,4-Rha 4.2 9.0 4.9 5.7 5.7
16 2-Me, -Ara 3,5-Ara 1.8 0.4 3.2 1.8 2.8
17 3-Me, -Ara, 2,5-4ra, 5.4 3.7 5.8 4.4 5.9
2,4,6-Me3-Gal and/or 3-Gal and/or
2,3,6-Me;-Man 4-Man
18 2,3,6-Me;-Gal, 4-Gal, 4.5 2.2 4.0 2.4 3.6
3,4,6-Me;-Gal and/or 2-Gal and/or
2,3,4-Me;-Glc 6-Glc
19 2,3,6-Me;3-Glc 4-Glc 43.6 36.2 26.1 45.5 46.0
20 2,3,4-Me3-Gal 6-Gal 0.4 0.7 1.3 0.2 0.7
21 2,6-Me, -Gal 3,4-Gal 0.2 0.0 0.0 0.1 0.6
22 Unidentified 0.7 0.6 1.3 0.7 1.8
23 Unidentified 2.1 2.6 1.3 1.8 2.1
24 3,6-Me, -Gal 2,4-Gal 2.2 4.0 3.0 2.3 2.6
25 Unidentified 1.3 2.5 0.6 1.5 0.7
26 2,3-Me>-Glc 4,6-Glc 10.3 12.7 5.4 9.3 6.0
27 2,4-Me,-Gal 3,6-Gal 2.9 2.6 3.2 5.2 2.6
28 Unidentified 0.6 1.6 0.4 0.5 0.5
29 Unidentified 0.5 2.6 1.0 0.9 0.3

% The numerical prefixes represent the carbon atoms involved in glycosidic linkages in the original
polysaccharides. Prefix T indicates sugars linked through C(0)-1 only. %% § total area.
3% 2,3,5-Mes-Ara = 2,3,5-tri-0-methyl-1,4-di-0-acetyl-arabinitol, etc.



— oA R A R T A S I T OLEREICB I HB HEICKID . RIFURWE
HS. AIENO—RAES. ENVO—AEID=2i2AkHZhs, FHIICAEFh 32 HOR
i3, HWEPAWIMBORWNOAEITITERL . HHBEOETORWEITHRELL AL
BTehHD Ko T. BrOEWERRZOMBRLAR T I22HMMOLRIITIX. TEHE
HE—0HE - SEHEICTHSELAESRZAWTT22EI N LW, KABESHEES %M
BODOEES 12> TYaMTP YT A, AKEIEAY T L BIUUKRERIESY Y LT
R ABLE, 86hERIFURWEES (PS) (. A3¥)lu—X-1HS (HC-1
Yy . ASENO—R-1ES (HC-11) BXIUEINUO—XES (CL) O L R

23DEHO00KRATH S,

£4 BEEXVKABEEILZBRTIRIFUORWE. A ¥Vo—-X-1,
AIENIO—Z-LU0ENO—RAETORE L Mk

Subfraction Yield Ratio - Sugar composition (wt¥)
(Total sugar) (%)
(mg) U.A. Rha Fuc Ara Xyl Man Gle Gal
<Cabbage>
PS 47.4 31.5 88.9 3.7 0.6 1.8 0.5 0.5 0.9 3.1
HC-I 7.4 4.9 44.1 6.3 1.6 10.3 9.9 1.3 9.7 18.7
HC-I1 12.8 8.5 33.4 2.0 3.8 3.1 12.8 4.3 28.0 12.7
CL 83.1 55.1 tr. tr. 5.4 2.4 tr. 2.0 85.2 4.9
Total 150.7 100
<Chinease cabbage>
PS 30.4 25.4 81.5 6.7 0.6 2.5 0.9 0.9 2.1 4.9
HC-1I 4.2 3.5 57.6 4.3 1.0 9.6 4.4 1.5 7.2 14.4
HC-II 10.2 8.5 20.8 2.0 4.4 3.2 18.0 3.7 34.4 13.86
CL 75.1 62.6 tr. 0.1 2.6 1.9 ¢tr. 1.9 93.1 0.5
Total 119.9 100
<Spinach>
PS 10.1 9.7 54.4 10.5 0.9 12.5 1.2 1.5 4.6 14.5
HC-1I 10.9 10.5 5.3 7.2 0.8 13.2 2.1 0.6 3.0 17.8
HC-II 11.4 11.0 7.2 3.1 4.0 4.2 27.4 4.2 35.1 14.8
CL 71.2 68.7 tr. 0.2 1.2 2.6 0.2 1.8 90.3 3.6
Total 103.6 99.9
<Chingentsuai?
PS 74.1 37.1 g0.9 2.8 0.5 2.0 0.3 0.3 0.6 2.5
HC-1 14.6 7.3 70.8 2.9 1.1 4.1 4.4 0.8 6.8 9.2
HC-I1 16.4 8.2 2.9 1.7 3.4 3.6 23.2 3.6 32.1 11.6
CL 94.4 47.3 tr. 0.5 1.1 1.8 1.0 2.8 88.2 4.6
Total 199.5 99.9
<Lettuce>
Ps 52.4 33.1 91.9 2.7 0.2 1.5 0.3 0.2 0.3 2.7
HC-1I 4.1 2.6 60.2 7.3 1.3 4.3 7.5 1.1 3.3 15.0
HC-II 13.1 8.3 22.7 3.4 3.5 1.9 31.9 1.9 24.5 10.1
CL 88.5 56.0 tr. 0.4 0.6 1.2 0.9 4.2 92.4 0.3
Total 158.1 100

a) From 1.000 g triturated, freeze-dried leaf vegetable.
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ZESONB L EHR A FEUTHETILE. ALY YIHHO4 RMICHKLTPSEE
BHAHS o, PSEHIORMBEEL LT 0 i RnwWIeibns, LROWSOX
BRI F U TH BB TILERTEIW, FZT. WSZaDEETHIK
BHERZEONSZ2BHLTAHADIE. FYRY NIYL RIVIII FU o914 &
UVYRATORIFURWE (WS+PS) :AZS+)u—~X (HC-1 + HC-1I) : &)
a—2Z (CL) OffiizehEh., 46:11:43 42:10:49, 31:17:53_ 45:14:42 B L T4T:9: 440
EDWBB, RN R LYVYYHN, HOGHEICHBL TRIFUBDPEWT EXHBEL S
2 7%

. EROZERRINEFYRY NIFL RILIVII FOXF YL BEULY X
OMRBICHEETIRIF VU RYWE (WS+PS) O5bD#46%. 53%. 75%. 26%. 44% O~
JFBRWE (WS) PEAKAHEICIDHRBREIDTRILLEZLEFERXBN S,

ALYV OEEMBOMBEZSEICII 7 NV IBBIATFVESGLTWAZ EXMAI6N
TW3B'Y, BT S5SBIZOWTT 2 ASBOBEOEELZHARELZ S, b REORNMT
R VYYD ROABEELROT 2 VSROFEIEBIh, TR HIgERZEE100ngdH 7=
N3BOugTHo %=, Bifi. MESIRIF UV EHEROERIDBZWRENEWAZRET SR
OEFEMBBOMBN (VEFEMN) EaWEL LT 72 )V SEXNERRRHLHY TWAZ L%
TELTWS'S,

ROV Y ORMOEREBICHARRIF VEHBI DL 2272V 5REATT LAY,
WK E U TOBERHEBMEIC Y DL 52 EE25 X 20 HMICRETT 52 LIERICR
KDObHENBLZIAHTH Do

#5 REHFBKTEESHEES QDR & MR

¥Water-soluble Yield Sugar composition (wt%)
polysaccharide (Total sugar)

fraction from (ng) U.A. Rha Fuc Ara Xyl Kan Glc Gal
Turnip N 33.3 79.2 3.2 0.9 7.0 trace 1.3 1.7 6.7
Japanese radish - 25.0 71.6 4.0 1.0 9.1 trace 1.1 1.5 11.6
Edible burdock 14.9 67.8 2.1 3.1 13.1 trace 1.2 1.7 10.4
Carrot 55.6 76.4 4.9 1.4 6.5 trace 0.8 0.8 9.2
East Indian lotus 4.1 61.3 3.9 9.4 6.4 trace 0.8 5.0 13.3

a) From 1.000 g triturated, freeze-dried leaf vegetable.
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%6 HREEXEAKFBHAILBRTIRIFUORWE. ~S¥lu—-X-1.
AISENU—ZA-UBITEIU—AEGONRE L B

Subfraction Yield Ratio Sugar composition (wt%)
(Total sugar) (%)
(ng) U.A. Rha Fuc Ara Xyl Man Glc Gal

<Turnip> .
PS 41.0 33.3 66.5 2.4 5.0 11.6 6.2 1.6 1.1 5.6
HC-I 8.7 7.1 11.5 5.6 2.4 21.7 18.1 13.4 11.6 15.6
HC-1I 16.5 13.4 8.8 2.0 2.5 1.5 28.5 13.9 22.9 13.9
CL 57.0 46.3 tr. tr. - 0.9 0.7 1.9 92.8 3.7
Total 123.2 100.1

<Japanese radish>
PS 73.4 44.3 87.0 4.3 0.1 4.3 1.0 0.4 0.3 2.7
HC-1 5.4 3.3 21.3 8.0 3.6 17.9 19.8 6.4 9.5 13.5
HC-I1 14.7 8.9 11.5 2.3 2.8 7.0 32.6 4.7 27.9 11.2
CL 72.1 43.5 tr. tr. - 1.0 1.1 2.2 91.2 4.5
Total 165.6 100

<Edible burdock>
PS 190.8 44.6 74.2 6.2 4.4 9.4 1.9 0.2 0.7 3.0
HC-1 12.7 3.0 44.8 5.6 0.8 17.4 16.3 2.4 4.0 8.7
HC-II 28.2 6.6 9.7 1.7 6.4 20.1 46.7 0.7 6.7 8.1
CL 195.9 45.8 tr.  tr. - 1.0 2.3 3.0 87.7 6.0
Total 427.6 100

<Carrot>
PS 59.5 38.4 80.6 2.2 3.8 5.6 0.9 0.6 0.6 5.6
HC-1 3.6 2.3 25.6 8.7 1.0 17.8 11.6 5.6 11.0 18.6
HC-II 9.7 6.3 9.6 3.5 1.7 15.2 40.0 4.3 10.3 15.5
CL 82.2 53.0 tr.  tr. - 1.5 - 2.9 89.8 5.9
Total 155.0 100

<East Indian lotus>
PS 20.2 30.4 68.4 2.8 0.3 8.6 0.9 1.2 10.6 7.4
HC-I 4.5 6.8 17.9 5.0 0.8 6.2 16.4 3.8 33.4 16.4
HC-T1I 10.0 15.0 17.4 1.9 1.2 8.6 22.0 2.6 28.8 17.5
CL 31.8 47.8 tr.  tr. - 2.8 0.9 4.0 90.0 2.2
Total 66.5 100

a) From 1.000 g triturated, freeze-dried root vegetable.
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4. % S

FARY NIYAL ROV IYID FUT UYL BIUV LY ZDEEK{ILE (HR, #
B -FVIE:Fo7 ) HREERE) 4 £ERI00gH AN THRLTASZ L., F¥RYT
3,248mg (60.2:0.4:39.4) . NZH AT 2,064mg (65.4:0.5:34.2) . KLUV T 2,642
mg (46.5:1.8:51.7) . F U V¥ AT 1,785mg (17.5:0.4:82.0) . L ¥ X 1,683mg (55.8
:0.8:43.5) 225, FU YA LNOESMIT SeEd (BHLESE) LERFICHLHE
HELHERHLTWEZ IR 5,

T MIBEAHEEL TWAESEOERICOWTS GEMTHERL 848, KERBWIIZR
WweBbhid, 2L, MHBETCRIREERAYHLZLERXL, bhbhiz, I TICFyRVDK
AEHEMHEECES FHEA —ROICRGATHEELAE L. in vitrolcBW T Va— X0
HGREAEBOVAZLZBHGNIZLTNSY , 2T, HEBIEEREALCTH AR LY.
NIHA FOrHABIULVY XICHRIRZ BT A I T TE S,

o, EFHOBAELE—FEIIT. FEEER (¥1av. axYy, vyay, vy
VEBXUAT) PEFEBL A, KUUBHZIEES (£5) WUORKABEEHS 2 S0BL TRE
RIFURPEBES. "I Lo —Z-1 Ao —R-UBITEIO—-—RABEHY (£6)
ORBLEREAFNS, B> SHBIL T, BAEBRL TW288M (AWEIHH) IcEX
MEBEHICKE2HEHRIEIZWEEZXONS,

5. SIHXEK

1) EIEE . WUfE/UR - 8P, SRS, HE. (1985)

2) Kritchevsky, D.: Dietary fiber. Ann. Rev. Nutr., 8, 301 (1988)

3) InEERRA. BILKE  HARE - ¥R, 46, 161 (1993)

1) fUEERSTA : F AR - ARFE L. 46, 351 (1993)

5) Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and Smith, F.: Anal.

Chem., 28, 350 (1956)

6) Kato, Y. and Matsuda, K.: Plant Cell Physiol., 17, 1185 (1976)

7) Kato, Y., Ite, S., Iki, K. and Matsuda, K.: Plant Cell Physiol., 23, 351 (1982)
8) Bitter, T. and Muir, H.M.: Anal. Biochem., 4, 330 (1962)

9) Robyt, J. and French, D.: Arch. Biochem. Biophys., 100, 451 (1963)
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13) BHEHE. WAR—. EEEH: FEdics e SEE, SRME. Fx. (199D

14) Fry, S.C.: Biochem. J., 203, 493 (1982)

15) Kato, Y., Yamanouchi H.;'Hinata, K., Ohsumi, C. and Hayashi, T.:
Plant Physiol., 104, 147 (1994)

P

16) Kato, Y. and Matsuda, K.: Plant Cell Physiol., 18, 1089 (1977)
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2 2 =5 IS o ZIL Py o DTS

1. BIRER

Fizhbhbhix, IR OMRENFRELE TSI/ 5 7Vary . 758+, #
VI IV TIEIHIIYY Fald NN AvEBIUTENO—-ANGHEERENT
WBZEHEAFNMEDIHOERAZDEICTHEL AR, 2. AF Y5 U OLEMBE L HHICH
WL, IR9FY 5 0FA-0)-8-0-FV 5 02FHE L. #FOF U0 —XBREDH8.3%Ic A
Fh-a-D-N 70 BErMEE LTEESLTWAZ LZlenILE2 ,, ERED . COF
VI RRIF VARSI URBREEDDODEER R,

AEHPHRERERZEO— DO THE3F a7 h i, BOMEICEELE5 X 52 LA
bhTWwd, —A. FYal VAV ICHRT S ) T8I, MBICBT A7)0 — X ORI
FAEMRARIETCEXREEOENICH O TWS, ¥2TC. AWMAETER. IRYFvarh
COLEBEAROMCT I ABERE LA,

2. MR H#E

Flz. IRV RBHBELHK. YaVM7 VR L B LUUIKEEH ) LTHE
KMH L TREZEESOI . UKEILAY D ATHEEh, KicTBERTHEI~I LD
—A-IBES%#FEHLE?,

NI N u—X-11 BE45 %5 ODEAE-Sephadex A-25D AT A70av b5 7 4 —2) 2l
L. REOES (K1) 2FBKICHLERL., BRI BLEDOEZIFRYIF O VA
(XG) &L%,

HicHibo 2z WD . RBRAERBBMERICHE- 2,

0.2m 0.5M 0.2m 0.5m L.OM
NaCl NaCl NaOH NaOH NaOH

S Y R

o
T

Absorbance at 480nm
I

o

[4,}
T
e

Z\SJ\:‘.B-«_GJMT \.\-.-\....

1
o 380 100 . 120 WO 160 180 200
Tube No. (6.0ml/tube)

[}

M1 IERYHENSEFAEAI I O—X-1 BESODEAE-Sephadex
A-251c kB 0E
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3. ¥ ®

AZHERES (XG) OBREIX. 740/ —X, 72—X 79 )—A,  ¥3u—X_ 7L
A—RABLUHI I b—RAT. EOHRENIIX2.5:9.1: trace:32.1:
X G#%Aspergillus oryzaeHlBFRER TH 5% ¥ A1 L1000 THKS RO L. I8H%
Bio-Gel P-2 #5270V bS5 74—l _HBHEI*STHERLE, TOTHAER
5. %30 N0 OBNMERIY NTHBLYVT
1-D-glucose) & EI—DBEE (Rs ) .fl: 0.76) 25 %

—N—Juve b 74—-licttL 22

J AR — R (6-0-a-D-xylopyranosy
%o
XG-3— FHEEKD480~700nnT D

EZ5.4.0x10°THo7% (B3) ,

WA bV (H2) &, F>07)0h U ¥EHD640
nmicBARINAS 2729, ¥/ KL% Sepharose CL-6B IS AX#HWIOFEABMEL =

0.4

o
(&)
T

o
T

0 1

Absorbance
o
[N}
T

| | I | |

500

B2 IRIFIuNhr-3— FEAERRARY ML

o o
D )]

o
N

Absorbance at 490 nm (-s~) or 640 nm (--o--)

)

550 600 650 700 750
Wave length (nm)

Vo 1104010 G
boovv v
N
L /\

| |
_ M\.\
Afa\

20 30 40 50 60 70 80

B3 I RIF

Tube No.{0.5ml/tube)

yas Ao TR
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Fr. BTEVICTAFMEETW., BN EAFINALEEAIKDIRE. ZLY h—ILT7
YF—h L HRAZUC ST 4 —I2THEARKRZHANE (1) . €RIZ. XGig
(A->)-B-DINArZFHEHE L. VNI —ABEOHTI 0-66fiTa-D-F> a5,/ —X
BE. B-D-HSVMETF/VUN-(1-D-a-D-F3 b5,/ —ABH. BLY a-l-7aF>
I NA->D-B-D-H5 7 bES 7 IN-(1>D)-a-D-Fyub's /) —2ABEICL) BXAh
TWwAZeZRLTWS,

1 IERIFYOINAUEBEEOEGRA

AF VAL SO %
2,3,4-tri-0-methyl-D-xylose (ERBTEERBEFIO—XFRE)  26.1
2,3,4-tri-0-methyl-L-Fucose (EBLEKBT a0 — ARERE) 3.0
2,3,4,6-tetra-0-methyl-D-galactose (JEBILEBEY S5 27 b —AFEE

and 3,4-di-0-methyl-xylose RU2-EEF VO —ZABE) 16.1
3,4,6-tri-0-methyl-D-galactose (-EEAN SV F—REE) 4.7
2,3,6-tri-0-methyl-D-glucose W-EET7NVa—ABE) 13.4
2,3-di-0-methyl-D-glucose (4,6-ES NV a—2ER) 36.8

IARDFVaINA Y OWHEEEATARL DI, XGOBEOWA2BELABWTIT-~,
XG#%T1. virideBIROE NS —ETMKGBEL . FHW%Bio-Gel P-4DAHTF L 70v v 'S
T4— (H4) IcftL i, FEFTYIHMA, BBXUCZBI7uv bS5 7 4—I2THELE,

1.6
Vo 1097 G
v LA
.4F I
.21
E 1.0f
O
[0}
<
- 0.8F
(o]
[
O
o
o
0
2
O
P

O O
E) o)
T T
.?_—‘ L]

1k &
[‘ Y
T~

0
20 30 40 50 60 70
Tube No. (3.0ml /tube)

©)
N

B4 DR F>alibhroenNs—EhnKgBEWODBio-Gel P-4FBFHNY — >
A (HAEBEESI6~50) . B (51-53) . C (54-57)
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FYIHWA, BEBLXUCOHREEL A. oryzaeD A VY ARD—ZAERFYTFyar N
A UMK EER O ABERW O OGRER2 IIRT,

£R2 TIXRIFIOINHUE VLSV TNKGRLTEBLNETY IHA .
BB LU C%A. oryzae DAV T Y AR —RERFVITFIaIorNVhy

MRS RERTAEL = & & OERY
FY T ikt (BLH)
A IP:/\$§ (Glc:Xyl:Gal:Fuc=

3.0:1.9:2.1:1.0) = 1.0:0.8

B IP:H8(Glc:Xyl:Gal:Fuc=
2.0:1.3:1.3:1.2) = 2.0:0.9

C IP:Glc = 3.0:1.1

FVUITHA (356ug) . B (755ug) BLUC (676ug) Th¥Eh%
AVTYRAROD—RERFT Y TF a7 INAH U IMKS REERTHLEL
7o MKIMW% Bio-Gel P-2DAHS LUV IS 7 4—i2t LS
HEFohAF Y IHEIWLE, IPRAYTYART—-XTH B,

UEDEREID aXRIYF 0l NAh 2B L TWAHEESY THOMEIZRES IoRT &
SBEBEAETDHIEERE, £/, Chbot¥, AWWBB LU THHEORIHIZ:12:5TH- =,

Fuc Fuc
l] 11
ey %y2
Gal Gal Gal
A o
Xyl Xyl Xyl Xyl Xyl Xyl Xyl Xyl Xyl
1 1 1 1 1 1 1 1 1
“lsj,“ls_g:‘ls_@’ “ls L“ls_ﬁ"‘la_&. “ls_g‘_als_g.“le_é_
G]c.| 4G1c] 4G1c] 4G]C G]c] 4G1c] 4G1c] 4G]c G]C] 4G1c] 4G1c] 4G]c
A B C
S FYITHA. BBIXUCOHEME
4. % ¥

—BIC. FYOTINAH U OLEBEIEWEICIDRLRD . NFEEBOI YOI N VI,
BFEOEZNIZHARHEZBELZF O LWL IR TNWS?,

SHEOEBEREID . IRIFYus b iz, EREWBOF Y u s Vb OMEICIER I
HELTWAZehbrok, IR OMIRBSEEMIRICF YOl honehigMlbn %
HT 20, FHZOBA»EHENSHERS,
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ZEI3IEE BEIEFEHNXI O I I o OIS FE s

1. IREB

BEEZER (FYRY _NIYAL ROV IIY  FUHFIUYALBIUOLVYR) I28EHh 5
FOasNhroONEEEL EBRRITAZEEEHNELE,

2. R AHE

€ZE D]
BILETHAMLEFYRY NIYSL ROV FOXFHALBIUY LY ZAD2UIKE
LAY LMEEEES (HC-11) 2HWEA,.

(HC-TOSHE)

EFNENOTN % 50MEFRER(PH 5.5) ISR L . BOBREICIDIEWER W=, TH
HE S % EEEHE T Y%L L 7-DEAE-Sephadex A-2547 5 4 (1.8 X 8 co)icDHRE UERE. 1
MOIEILF bY Y LA GTEEEGH. 0.50KERMELF b)Y ATHRBHL &, Bz, 3.0nl
TOHED, T/ - BRECTHEEBLZKDE, BN ASESIIERE. FEERL. B
HMEIcHC-1I-1, HC-1I-2, HC-II-3 &L %,

(o)
WD, BREEARKXOMB LU — FHAKOBRIRNARY M HIESIIFIRO L&
HLIE. BIROXEIZHEHS TIT» %=,

3. BRLEE

FoxXY NI RILIYII . FOF L BEICVYALSRMLEHEC-1TO
DEAE-Sephadex A-25HS5 LU M5 T7 4 —DEREZH1IRT. WTFhH 3B IR LI
FhERhOHC-1I-1, HC-1I-2, HC-NI-3 DB LHMREBHAFART L DEHLDOME2
ThHid. MESEHOS THARBEVESTHC-I-1IZHGMNF YOI NAVNEEFRTWS,

FhEROHC-II-103— FHEHEEOBRPARY M EZHKTEE. wWFhdbFyud)il
AUOREBEOERFALIEARIINA640 nuizcdboTWE (K2)

T, FRFROHC-I-1 2 XFNLSHICH L. HEARXLFAREERVNEK2TH S,
SEHEPOF YU NA VITEBTEE 72— R (T-Fuc) | 4- & L4, 6-ES7 Va1 —R (4
-Glc&4,6-Glc) . BB KBME2-EESF Iy u—R (T-Xyl&2-Xyl) . EBTEKML 2-BEEH S
7 b—R (T-Gal&2-Gal) #FARBBHAAIE LTWSY ,

FRLULAETRA70R b5 74 —DHILTIE. THUERFAFNETNVY b—NTF T —
FR+ooEEX WY EHROWERZ2IERTI L. WIFhHT72—-ZXZ2HTH50nWbHO
AR TEEMICHERNZFYOIN A THBIEEZILONSE, LY, FOEHEICITKEX
BERITIZWEEIB NS, LHL., #FH2MHEEEOBICIIBRICLIBASIENLE
TH3,
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Cabbage Chineass cabbage Spinach Chingentsuai Lettuce

[ 2 L 2 [ 2 I 2 | 2
Bry v U S I I 2 A I A T N Y SR

o
T
T

Absorbance at 490 nm
o [0}
[ ®

O
H
T

T

M b [ [hond DA

0 10 20 30 40 50 O 10 20 3040 50 O 10 20 30 40 50 O 10 20 3040 50 O O 20 30 40 50

Tube No. (3.0ml/tube)

1 BEEXHEATBHESNOBEAIEIU—-X-TODH
%1 DEAE-Sephadex A-257 0<% Mk NHBONARBESONEE L UHBE

Subfraction Yield Sugar composition (wt%)
(Tube No.
in Fig. 7) MLE (% U.A. Rha Fuc Ara Xyl Man Glc Gal
<Cabbage>
HC-II-1 (4-10) 12465 (74.9) 0 0 6.0 2.0 21.0 5.7 43.8 21.6
HC-II-2 (23-26) 1260 (7.86) 32.2 13.2 2.0 11.2 13.7 1.0 8.1 18.6
HC-II-3 (38-50) 2922 (17.8) N.D.2°
<Chinease cabbage>
HC-II-1 (4-10) 8697 (75.0) 0 0 5.5 1.7 19.5 3.4 44.3 25.0
HC-II-2 (23-26) 1188 (10.2) 36.0 11.0 2.4 8.3 18.1 1.0 10.3 12.8
HC-II-3 (38-50) 1710 (14.7) N.D.?°
<Spinach>
HC-TI-1 (4-10) 8373 (70.7) 0 0 4.4 3.1 21.9 4.8 40.8 25.0
HC-1I-2 (22-26) 1890 (16.0) 30.8 10.6 1.9 15.8 13.4 0.5 9.2 17.8
HC-II-3 (38-50) 1578 (13.3) N.D.?®’
<Chingentsuai>
HC-II-1 (4-10) 12561 (74.3) 3.5 0 4.4 1.9 21.1 3.8 45.4 19.9
HC-II-2 (21-25) 1563  (9.2) 33.9 9.4 2.5 8.1 19.6 0.6 11.8 14.1
HC-II-3 (38-50) 2787 (16.5) N.D.?2’
<Lettuce>
HC-II-1 (4-10) 6039 (61.1) 1.3 0 5.1 1.9 18.5 1.9 40.8 30.6
HC-II-2 (22-27) 1734 (17.5) 41.1 12.2 2.2 4.5 18.0 0.3 7.4 14.3
HC-II-3 (39-50) 2115 (21.4) N.D.2°

a) Not determined.
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Cabbagse Chinease cabbage

Spinach Chingentsuai Lettuce

Absorbance

PR I | B IR |

1 L L Il L 1 1 | 1 1 i 1 i 1

¢}
500 600 700 500 600

700 500

600 700 500 600 T00 500 600 700

Wave length (nm)

M2 REEZHEIYuZNHY - 3— FHEERIIAXRY bV

#2 REFEXMHC-1-1 HRSHEHOBEESRA

Peak Methylated sugar Deduced Amount (%)
No. glycosidic Cabbage Chinease Spinach Chingentsuai Lettuce
linkage cabbage
1 2,3,4-Ne;-Xyl T-%yl 2.1 4.2 9.3 6.5 6.6
2 2,3,4-Nes-Fuc T-Fuc 3.3 3.8 5.2 5.6 4.4
3 2,3,4,6-Me,-Cal, T-Gal, 14.5 18.0 29.3 21.4 25.7
2,3-Me,-Xyl and/or 4-Xyl and/or
3,4-He.-Xyl 2-3yl
4 2,3,6-Mes-Gal, 4-Gal, 8.6 6.7 3.6 8.6 7.1
3,4,6-Ne;-Gal and/or 2-Gal and/or
2,3,4-Ne;s-Glc 6-Glc
5 2,3,6-Nes-Glc 4-Glc 18.4 18.7 18.1 21.2 19.3
6 2,3-Me,-G1c 4,6-Glc 53.1 48.6 34.6 36.6 36.8
4. 5|HEK
1) BHER. UAB—. EEG. AHIEEE L S SEM. A, 138-142H (199D

-21-



24 s IREFBIEEDEERE (7 X VJ > ) OHTME
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RITRFY IV RY—F—TI0SMEERL. EHLZET—IcL 2%, EHE (Seamless Cellulose
Tubing, Size:36/32, =YHiFEHRXL&4L) 1D, S00mIDEFTKIZH LU TERL 2. SR
(0, 30, 60, 90 5 LU120318) i, EHFNBEO—E (50ul) #FD . ¥02hOI/NVa—
ABET 2/ ) BKEBESD IZTKRDE,

3.8 &

(1) KA RO 2 R

FRYBLICYT/ ADKABERWBRIELMRL TWHIERBMEHARS DI, ERM
20.25% 27 VEZ D A AXB X U2UKEEA Y D ATHERMHESE L. R F UMY
BESD (PS) . ANV U—R-1HEHSD (HC-1) \ ASEHNu—X-THESG (HC-11) B&LUtE
ha—A@ES (CL) 2872, BohA2E8@50NE (2ER) LEHRL2 LD LD,
Table 1TH 5,

F ¥ RYIKABEADBMHIZ. RI7FURWE (IS I/vurBgreiRalssvasr
V) AIENUO—RABEZHBM (ZPSCF T IBLLRTIC I NS I HEBN
BIh6DIRT, BIUFYuINhy) o —AnoMREhTED . TOLIZH46
:13:41TH B, chid. BRRBELUAKBEAKSBEAWEMEOME (#51:11:38) D 2 HBLT
B0 2EEHRIZ. BEAYREUCTHIEBbh3, LML, FYRYEKBOMER. WD
FheHET AL LN, ZHBHMRVERZZ DI E, b RAKFBELWHGE.
RIF VBRBEENIL. 1P B L ASENU—ZABZEEHIEL. 4B, BEIZQ->I),
A->)-B-D-INHY. . INITI/)T7SEFV I3 08LUCF VUl VA UNEEEBETH
58,

Table 1. Total sugar contents and sugar composition of fractions obtained from water-insoluble di-
etary fibers of cabbage and bamboo shoots.

Total sugarb’ Sugar composition® (wt%)
Fraction®’
mg (%) U.A. Rha Fuc Ara Xyl Man Glc Gal
Cabbage
PS 369.4 ( 46.1) 76.6 4.9 2.4 5.0 2.9 2.2 1.8 4.3
HC-I 35.4 ( 4.4) 28.7 6.1 5.2 13.1 19.6 3.9 17.6 5.8
HC-II 68.6 ( 8.6) 12.9 2.5 3.9 4.3 35.4 5.8 21.0 14.3
CL 327.6 ( 40.9) — 0.1 2.7 1.7 1.0 5.0 89.2 0.4
Total 801.0 (100)
Bamboo shoots
PS 79.3 (11.7) 75.6 0.6 0.1 2.7 1.3 — 13.8 6.0
HC-I 121.0 (17.8) 28.7 1.6 0.2 19.2 20.7 1.2 22.5 5.9
HC-II 160. 4 ( 23.6) 22.0 4.4 0.2 15.6 24.8 1.9 21.7 9.4
CL 319.2 ( 46.9) — 0.2 — 4.5 4.2 6.0 85.0 0.2
Total 679.9 (100)

2) PS : pectic substance fraction (ammonium oxalate extract). HC-I: hemicellulose I fraction (4% KOH
extract). HC-II : hemicellulose II fraction (24% KOH extract). CL : cellulose fraction. ®’ From 1.344
g and 1. 276 g dry wt water-insoluble dietary fiber of cabbage and bamboo shoots, respectively. ¢ U.A.:
uronic acid (as galacturonic acid equivalent).” Rha : rhamnose. Fuc : fucose. Ara : arabinose. Xyl:
xylose. Man : mannose. Glc : glucose. Gal : galactose.
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Fig. 1. Chromatography of Blue Dextran, Dextran T-500, T-110 and T-10, and maltodex-
trins on a column of water-insoluble dietary fiber from cabbage.

A mixture of Blue Dextran and glucose (10 mg each/0.1 ml water) (a), Dextran T-500 (10
mg /0.1 ml water) (b), Dextran T-110 (10 mg/0.1 ml water) (c), Dextran T-10 (10 mg /0.1
ml water) (d) and a mixture of maltodextrins (10 mg/0.1 m]l water) (e) were separately
subjected to chromatography. The column (1.0x46 cm) was chromatographed in 50 mM
Na-acetate buffer pH5.5 containing 0.1 M NaCl. Carbohydrates were determined by the
phenol-sulfuric acid method® (absorbance at 490 nm, —@®—). Reducing power (glucose)
was measured by the Nelson-Somogyi methodé’” (absorbance at 500 nm, --@®--). Absor-
bance at 360 nm was read for Blue Dextran (--O--). Arrows in figures indicate the elu-
tion positions of individual sample.
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Fig. 2. Chromatography of Blue Dextran, Dextran T-500, T-110 and T-10, and maltodex-
trins on a column of water-insoluble dietary fiber from bamboo shoots.

A mixture of Blue Dextran and glucose (a), Dextran T-500 (b), Dextran T-110 (c), Dex-

tran T-10 (d) and a mixture of maltodextrins (e) were separately subjected to chromatog-

raphy in the same manner as described in the legend of Fig. 1.
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Fig. 3.

An apparatus for determination of glu-

cose diffusion speed under the presence
of water-insoluble dietary fiber.

A mixture of glucose and water-insoluble dietary 3 r
fiber (S) in a seamless cellulose tubing (CT) is B
dialyzed against 500 ml of distilled water W) 4
in a beaker (B) under a stirring by a magnetic

At interval, the outer solution is w

stirrer (MS).
assayed for glucose content.
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Influence of water-insoluble dietary fiber on glucose diffusion.

An influence of water-insoluble dietary fiber on glucose diffusion was
investigated using an apparatus as shown in Fig. 3. Water-insoluble
dietary fiber {0g (O), 0.5g (W), 1.0g (4), 1.5g (Xx) and 2.0g
(®)] in 50 ml of 1.5% glucose solution was dialyzed against 500-ml
distilled water. At intervals (0, 30, 60, 90 and 120 min), a portion
of the outer solution was assayed for glucose content by the phenol-
sulfuric acid method.® A : Japanese radish water-insoluble dietary
fiber. B : bamboo-shoot water-insoluble dietary fiber.
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Isolation and characterization of a glucuronoxylan from jojoba

(Simmondsia chinensis) hull

TOSHIYUKI WATANABE (Laboratory of Food Science, Faculty of
Education, Fukushima Univerisity) and YOJI KATO (Laboratory

of Food Science, Faculty of Education, Hirosaki University)

Due to the high content of liquid wax and its industrial utilization,
jojoba has drawn much chemical attention. Because of the reason, most
research of jojoba has been limited to the area of lipid chemistry except
simmondsin. We have been interested in carbohydrate components of jojoba
seeds and hulls from the standpoint of utilization as raw material in the
exploitation of biomass conversion. In the previous papers'-2, we report-
ed the chemical structure of xyloglucan isolated from jojoba seeds. We
have recently found an acidic xylan in jojoba hulls and report its chemical
structure in this note.

Polysaccharides were extracted from the defatted hull powder of jojoba
successively with hot water, 0.5% ammonium oxalate, 4% potassium hydroxide,
and 24% potassium hydroxide®. After dialysis, seven non-cellulosic poly-
saccharide fractions (PS-I, PS-IIA, PS-IIB, HC-IA, HC-IB, HC-IIA and HC-IIB
) were obtained. Neutral sugar composition analysis showed that xylan-like
polysaccharides were present in fraction HC-IIA (Table I). Fraction HC-IIA
was purified by dissolving it in alkali followed by neutralization with
acetic acid. Purified fraction HC-IIA accounts for about 4.1% of the total
defatted hull powder of jojoba. Chromatography of purified HC-IIA on a

calibrated Sepharose CL-6B column indicated a molecular weight of over 1.0
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x 10° by comparison to standard dextrans.

Table 1. Yields and neutral sugar composition of the non-cellulosic

polysaccharide fractions obtained from jojoba hulls.

Neutral sugar composition (mol%®)

Fraction Yieldx

() Rha Fuc UI* Ara Xyl Man Glc Gal

PS-1I 51.9 8.0 0.2 4.7 41.6 12.1 2.7 7.0 23.7

PS-IIA 0.5 4.5 1.2 - 32.0 36.0 0.5 8.9 16.9
PS-I1B 2.9 6.2 0.5 - 38.3 41.4 - 2.7 10.9
HC-IA 14.6 1.3 0.3 - 20.3 61.4 - 9.8 6.9
HC-IB 16.3 1.6 - - 26.5 48.3 2.5 9.8 11.3
HC-IIA 9.3 0.8 - - 1.8 95.4 - 1.5 0.5
HC-IIB 2.5 6.2 - - 2.9 36.2 - 37.1 17.6
Total 98.0

*From 151.0g defatted hull powder. *UI:Unidentified sugar.

Acid hydrolysis of purified HC-IIA and subsequent chromatography on
Bio-Gel P-2 of the hydrolyzate yielded neutral (98%) and acidic (2%) sugar
fractions. The former was composed of only xylose. The latter was shown
by p.c. (method B) to be composed mainly a sugar having R.,, 0.68. The

sugar having R.,, 0.68 was considered to be 2-0-(4-0-methyl- a -D-gluco-

pyranosyluronic acid)-D-xylose (ref. 4, R.,: 0.69).
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Purified HC-IIA was hydrolyzed with 50 mM sulfuric acid, and the hy-
drolyzate was analyzed by p.c. (method A). The log R(/(1 - R;) of major
spots detected on the chromatogram, when plotted against the degree of
polymerization, gave a linear regression, suggesting that these sugars be-
long to a homologous series. The R, and R.., values of disaccharide (0.53
and 0.73), trisaccharide (0.29 and 0.40) and tetrasaccharide (0.10 and 0.14
) were identical with those of authentic B-(1->4)-linked xylobiose, xylo-
triose and xylotetraose.

Purified HC-IIA was hydrolyzed with purified endo-(1->4)-8-D-xylanase
from mesophilic fungus strain Y-94%-®, Chromatography on Bio-Gel P-2 of
the soluble fraction of the hydrolyzate gave two carbohydrate fractions,
EH-I and EH-II in the ratio of 15:85 (Fig. 1). P.c. analysis (method A) of
EH-II showed that EH-II consisted of xylose and B-D-xylopyranosyl-(1->4)-
D-xylopyranose in the approximate molar ratio of 1.0:2.5 (Fig. 2-A). P.c.
analysis (method B) of EH-I showed that EH-I consisted of three kinds of
sugars, A, B and C (Fig. 2-B). On acid hydrolysis all of them gave xylose
and a sugar having R.,, 0.68 {2-0-(4-0-methyl- a-D-glucopyranosyluronic
acid)-D-xylose} (Fig. 3).

Purified HC-IIA was methylated” and hydrolyzed and the sugar linkage
composition was analyzed by g.l.c. analysis of the resulting alditel
acetates®. 2,3-Di-D-methyl-xylose (87%) and 2- and/or 3-mono-0-methyl-
xylose(13%) were structural units in the methylated, purified HC-IIA.

From above results, we conclude that an acidic xylan obtained from
jojoba hulls (purified HC-IIA) has a linear chain of (1->4)-D-xylosyl resi-
dues in the backbone, about 13% of which are branched at 0-2 pesition, with

4-0-methyl- a -D-glucopyranosyluronic acid residues.
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Most of the xylose residues in HC-IIB are derived from xyloglucan (un-
published data). It is interested to elucidate whether or not xylose-
containing polysaccharides in HC-IA and -IB, which are extracted with 4%

potassium hydroxide, are arabinoxylan and/or arabinoglucuronoxylan.
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Fig. 1. Resolution of the xylanase hydrolyzate of purified HC-IIA.
The enzymic hydrolyzate was chromatographed on Bio-Gel P-2 and two
fractions, EH-1 (Tubes 17-30) and EH-2 (35-46) were obtained.

Details are described 1in the text.
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Fig. 2. Paper chromatographic analysis of EH-I (A) and EH-II (B).
EH-II ( 42.4 mg as Xyl equiv.) was subjected to p.c. (method A) and
EH-I (7.4 mg asXyl equiv.) to p.c. (method B). Each filter paper
was cut into strips, carbohydrates on the strips were extracted with
water, and the carbohydrate content in each solution was determined
by the phenol-sulfuric acid method. A guide strip was treated with

alkaline silver nitrate: 1, authentic sugars (Xyl: D-xylose, Xyl,:
xylobiose, GlcUA: D-glucuronic acid); 2, samples. Tubes 1-3, 5-8 and

13-16 in Fig. B were separately combined to concentratedto give frac-

tions EH-I-A (475 ug as Xyl equiv.), -B (1075 ug) and -C (390 ug).
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Fig. 3. Paper chromatographic analysis of the acid hydrolyzates of
EH-I-A (A), EH-I-B (B) and EH-I-C (C). EH-I-A (200 wg), -B (200
ug) and -C (200 ug) obtained in Fig. 2 were separately hydrolyzed

with 1 ¥ TFA at 100° for2 h, and the hydrolyzates were subjected to

p.c. (method B) in the same manner as described in the legend of

Fig. 2.

-37-



(A)

A480

§o.3
Jo2
0.1
[} ! 1 ! !
GlcUA Xyl (C)
e Q
2 @ "
§0.3
o2
0.1

0 5 10 15 20 25
Distance from origin (cm)

Fig. 3. Paper chromatographic analysis of the acid hydrolyzates of
EH-I-A (A), EH-I-B (B) and EH-I-C (C). EH-I-A (200 wxg), -B (200
u#g) and -C (200 ug) obtained in Fig. 2 were separately hydrolyzed

with 1 ¥ TFA at 100° for2 h, and the hydrolyzates were subjected to

p.c. (method B) in the same manner as described in the legend of

Fig. 2.
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EXPERIMENTAL

General methods. --- Concentration of carbohydrate solutions was per-

formed under reduced pressure at 35-40°. P.c. was performed on Toyo No. 50
filter paper by the multiple ascending method using butanol:pyridine:water
(6:4:3,v/v) (method A), or by the descending method using ethyl acetate:
water:acetic acid:formic acid (18:4:3:1, v/v) (method B). Sugars on the
chromatogram were detected with alkaline silver nitrate®. Total carbohy-
drate and uronic acid were determined by the phenol-H.SO, method'? and the
carbazole-H.S0, method!', respectively. G.l.c. was conducted with a
Hitachi G-500 gas chromatograph equipped with a flame ionization detector
and operated at a helium flow of 15 ml per min.

Analysis of neutral sugar composition of poly- and oligo-saccharides.

--- Polysaccharide (10-50 u«g) were hydrolyzed with 2 M trifluoroacetic

acid (TFA) for 5-6 h at 100°. O0ligosaccharides (5-10 ug) were hydrolyzed

with 1 M TFA for 4-5 h at 100°. In each case the hydrolyzate was evaporat-

ed to dryness. flditol trifluoroacetates derived from sugars were analyzed
by g.1.c. on a column (0.4 x 200 cm) packed with 1.5% QF-1 on Chromosorb W
at 140°'2,

Preparation of cell-wall material from jojoba hulls. --- A fruting

body of jojoba is composed of a few seeds coated with one layer of outer
tissues which is called a hull. It is green during maturation and becomes
brown when matured. The brown hulls in a naturally dried state were ground
to powder with a ball mill. The hull powder (166.3 g) was extracted with
900 ml benzene-ethanol (2:1) mixture for 8 h at 80-90° to remove lipids.

The residual hull powder (water content 4.71%) was used.
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Fractionation of the cell-wall polysaccharides. --- The defatted hull

powder (151.0 g) was extracted sequentially 8 times with 2 L of water, 10
times with 2 L of 0.5% ammonium oxalate, 8 times with 2 L of 4% potasssium
hydroxide, and 12 times with 2 L of 24X potassium hydroxide. Water and
ammonium oxalate extractions were conducted for 1 h at 120° and alkali
extraction for 18-20 h at room temperature under nitrogen. After each ex-
traction, the residue was separated from the supernatant solution by cen-
trifugation. Hot water extract (pectic substances-I fraction, fraction PS-
I), ammonium oxalate extract (fraction PS-II), 4% potassium hydroxide ex-
tract (hemicellulose-I fraction, fraétion HC-I), and 24% potassium hydrox-
ide extract (fraction HC-II) were separately dialyzed and centrifuged.

Each soluble product (fraction B) in the supernatant solution was recovered
by freeze-drying. Each insoluble product (fraction A) obtained as a pre-
cipitate was washed successively with water, ethanol, and acetone, and
dried in vacuo.

Purification of fraction HC-IIA. --- Fraction HC-IIA (855.5 mg) was

dissclved in 1 M potassium hydroxide (85 ml) and centrifuged to remove in-
soluble materials. The supernatant was neutralized with acetic acid and
the precipitate was recovered by centrifugation. This procedure was repeat-
ed four more times. The final precipitate was washed successively with

methanol and ether, and dried in vacuo (yield: 570.1 mg).

Chromatography of purified HC-IIA on Sepharose CL-6B. --- Purified HC-

IIA (2.2 mg) was dissolved in 0.5 mL of 1 M sodium hydroxide and centrifug-

ed. The supernatant was applied to a column (1.0 x 46 cm) of Sepharose CL-

6B equilibrated with 0.1 ! sodium hydroxide followed by elution with 0.15

sodium hydroxide. Fractions of 0.5 mL each were collected and assayed for
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carbohydrate.

Acid hydrolysis of purified HC-IIA and analysis of the hydrolyzate.

--- Purified HC-IIA (100.6 mg) was hydrolyzed wih 2 mL of TFA for 5 h at
100°. After hydrolysis, TFA was removed by evaporation. The hydrolyzate
was dissolved in 1 mL of water and applied to a column (1.8 x 46 cm) of
Bio-Gel P-2 equilibrated with water followed by elution with water. Frac-
tions of 2.0 mlL each were collected and assayed for carbohydrate. Tubes 21
-32 (AH-I) and 44-56 (AH-II) were separately combined and freeze-dried.
AH-I was dissolved in 2 mL of water and applied to a column (1.1 x 16 cm)
of Amberlite CG-400 (acetate form). The column was first eluted with 20 mL
of water and then with a linear gradient produced by mixing 50 mL each of

water and 1 i acetic acid, followed by elution with 30 mL of 1 ! acetic

acid. Fractions of 2 mlL each were collected and assayed for carbohydrate.
Tubes 44-51 were combined and concentrated. The concentrate was analyzed
by p.c. (method B). AH-II was analyzed by p.c. (method A).

Partial hydrolysis of purified HC-IIA and analysis of the hydrolyzate.

--- Purified HC-IIA (10 mg) was hydrolyzed with 1 mL of 50 s sulfuric acid

for 6 h at 100°. The hydrolyzate was made neutral with barium carbonate,
filtered, the filtrate treated with Amberlite IR-120 (H*) resin to remove
barium ions, and then concentrated. Sugars were analyzed by p.c. (method A
). B-(1->4)-Linked xylobiose, xylotriose and xylotetraose, prepared from
the partial hydrolyzate of rice hull'® or rice straw xylan were used as the
standard sugars.

Xylanase hydrolysis of purified HC-IIA and analysis of the hydrolyzate

--- A xylanase purified from mesophilic fungus strain Y-94%-% was used.

Purified HC-IIA (107.5 mg) was dissolved in 20 mL of 1 i sodium hydroxide.
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The pH of the solution was adjusted to 4.5 with acetic acid. The resulting
solution was incubated with 0.8 mg of the enzyme preparation for 48 h at
40° in the presence of a few drops of toluene. After incubation, the reac-
tion mixture was heated in a boiling water bath for 15 min and centrifuged.
The supernatant was applied to a column (4.5 x 22.0 cm) of Bio-Gel P-2
equilibrated with water followed by elution with water. Fractions of 7.4
ml each were collected and assayed for carbohydrate (Fig. 1). Tubes 17-30
and 35-46 were separately combined and concentrated to give fractions EH-I
and EH-II. Fractions EH-I and -II were subjected to p.c. analysis (method
B for EH-I and method A for EH-II, Fig. 2).

Glycosidic linkage analysis of purified HC-IIA. --- Purified HC-IIA (

8.4 mg) in dimethylsulfoxide (0.5 ml) was methylated with methylsulfinyl
carbanion (0.2 ml) and methyl iodide (0.4 ml) by the method of Hakomori”.
After methylating, the reaction mixture was dialyzed against tap water, and
the non-dialyzable materials were concentrated to dryness. The methylated
HC-IIA was hydrolyzed with 90% formic acid at 100° for 2 h, the acid remov-

ed by evaporating, and the residue treated with 1 ¥ TFA at 100° for 4 h.

The aqueous TFA was removed by evaporation. The methylated sugars were
converted into their corresponding alditol acetates® and then analyzed by
g.1.c on a glass capillary column (15 m x 0.25 mm) of DB-225. The column

oven temperature was raised linearly from 140° to 200° at a rate of 2°/min.
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