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Studies on the Carbohydrates in the Seed Cotyledon
of Black Matpe '

I. Free sugars and polysaccharides in the Seed Cotyledon

Hirozo Kusunose and Masayoshi SAwWAMURA
Laboratory of Chemical Technology of Agricultural Products, Faculty of Agriculture

Abstract: The components of free sugars in the seed cotyledon of black matpe were
D-glucose, D-galactose, D-xylose and L-arabinose. The hot water-soluble polysaccharide
from the defatted cotyledon consisted of D-galactose and L-arabinose in the molar ratio
of 1.0 : 2.5. The homogeneity of the polysaccharide was ascertained by sedimentation
analysis, DEAE-cellulose column chromatography and gel filtration on Sephadex G-175.
The molecular weight of the polysaccharide was estimated to be 23500 by the gel filtration,
and the specific rotation was —46.3° in the aqueous solution. In the IR spectrum of the
polysaccharide the characteristic absorption band was observed at ca. 850cm™, which
suggests that the glycoside bond of the polysaccharide assumes the a-configuration. Partial
hydrolysis of the polysaccharide gave rise to three oligosaccharides: di- and pentasaccha-
rides which were composed of D-galactose only, The amount of the periodate consumption
for the polysaccharide was 0.72 mole per anhydrogalactose, The components of the 1%,
4% and 17% sodium hydroxide soluble polysaccharides were as follows, respectively:

. D-glucose, D-fructose, D-xylose and D-galacturonic acid ; D-glucose, L-arabinose, D-gala-
ctose, D-fructose, L-rhamnose and D-galacturonic acid ; D-glucose, D-xylose, D-galactose
and D-galacturonic acid. On the other hand, the components of the cold 72% sulphuric
acid-soluble polysaccharide were D-glucose, D-galactose and D-galacturonic acid.
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Table 1. Chemical composition of the seed cotyfed'on of Phase
olus radiatus Linn, (Black matpe)

. c)
Moisture ‘ 12.9
Ash 2,97
Crude fat® | 0.70
Crude proteinb : i 3.2
Crude fiber o 1,50
N-free extract 50.9

a) Ethyl ether extract by Soxhlet apparatus for 16 hours,
b) (Total nitrogen by Kjeldahl method) X 6,25,
¢) % for drying material,

Gal |Glu S {Gal [Ara
Man | Xyl Glu

@b. l “*=Gal
@

“"~Glu

0 e --~Ara

e e -+ Xyt |
NANANANAS

Fig. 1. Paper chromatograms of reducing sugars produced by hydrolysis
with IN-H2SO4 at boiling state for 5 hours.
Developing solvent : Ethyl acetate 40 V/V
Pyridine 10
water 5
Descending method at room temperature for 24 hours.
Spraying reagent : Aniline hydrogen phthalate.
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Fig. 2. Elution pattern of reducing sugars produced by hydrolysis
of black matpe seed cotyledon with 72% H2SOs.
Column : HITACHI ionexchange no. 2630
Elute : sodium borate solution
Elution volume : 30ml/hour
Color producing reagent : orcin H2zSO4

i 73/BEmM

MRFIL (1.48) %6 N HE (100ml) & IRIC BT IC16BERAIKMBET S 5700 DREK
#0428 (10,000rpm, 20min) LCHBHEREL, 8o ABHKRTRETICRE, FRE
RELTRBICOBOBRERE Uico COBMBREBTRTHARL THAEYT 3/ BORE T
U, Table 2 IC/RLA KD IC ISEROT I/ Bt R & sz, Table 2 hoBohiakSicsr Y
NTXFBFOFEPCEETNIEOECERTILHAZNEZ T I/ BR TR FFY, g
IVEBLUSY U NEBUERICEETINIBAF A=Y, YRAFVBIULM )T L7 7 VOFE
FERBERTEED o7,



4 EHALYABEBSE  mwE B %

Table 2. Amino acid componentsa) of the Black matpe seed
cotyledon, volished rice and soy bean

Black matpe Polished riceb) Soy beanC)

Isoleucine 3.2 - 0.7 1.3
Leucine 1.5 1.4 2,0
Lysine 6.9 0.6 L9
Methionine — 0.4 0.3
Cystine - 0.3 0.4
Phenylalanine 3.6 0.8 1.4
Tyrosine 1.0 1.0 1.0
Threonine 2.3 0.6 1.2
Tryptophan — 0.2 0.4
Valine 4.9 1.0 1.4

~ Arginine 3.2 0.9 1.9
Histidine 1.9 0.4 0.7
Alanine 4.5 1.0 1.1
Asparagine ‘ 11.7 1.8 2.9
Glutamine 12.3 0.3 0.5 -
Glycine 13.7 0.7 1.1
Proline 4.1 0.8 1.8
Serine 1.7 0.6 1.4

a) Relative molar ratio.
b), ¢) Comparative material.
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Fig. 3. Paper chromatograms of the free sugars in black matpe seed

cotyledon.
Developing solvent : FEthyl acetate 10 V/V
Pyridine 4
Water : 3

Descending method at room temperature for 24 hours.
Spraying reagent : aniline hydrogen phthalate.

Table 3. Relative molar ratio of the free sugar in Black matpe

seedcotyledon
80% EtOH extract® Hydrolysateb)
D-Glucose 5.01 8.28
D—Galacto‘se 3.01 3.28
D-Xylose 0.87 0.49
L-Arabinose 1.08 1.32
L-Rhamnose 0.03 0,07
Sucrose 0.08 —
D-Fructose ) — 0.31

a) Extraction with 80% ethanol at boiling state for 2 hours.
b) Hydrolysis products of the extract.
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Fig. 4. Elution pattern on DEAE-cellulose column of the arabinogalactan.
0.4% sample solution (5ml) of the arabinogalactan was applied to a
column (2,8X35cm) of DEAE-cellulose. '
The column was eluted with following solvent at flow rate of 60ml
per hour. The elute was collected 4 ml in each tube.
Eluent : water, 0,01M-NazB407, 0.05M-Na2B4O7, 0. IM-Na2B+O2
each 100ml,
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Fig. 5. Sedimentation pattern of the arabinogalactan of Black matpe seed
cotyledon.
Sedimentation proceeds from right to left.
The photograph were taken at regular intervals after reaching full
speed at 60000 rpm. . )
Exposure: 12 sec. Concentration: 1% in 0.IM KCIL.
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Table 4. Degree of polymerization of the ardbinogalactan by
Willstatter-Schudel method

Sample (mg) I Iodine .(mg) Aldehyde group (mg) l D. P*
52.1 3.30 0.38 | 012
29.6 1.93 0.22° 29.81
32.5 2.0t 0.23 30. 57

* Degree of polymerization.
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Fig. 6. Determination of the molecular weight by gel filtration on
Sephadex G-T75 of the arabinogalactan of Black matpe seed cotyledon.
The column was 1.8X150 cm ; Flow rate of water was 8ml/hour and
2ml fraction was collected. '
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Fig. 7. Comparison of the infrared spectrum of Black matpe seed-arabinogalactan
with infrared spectra of amylose B and laminarin,
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Table 5. Hydrolysis ratio of the arabinogalactan of Black matpe seed
cotyledon with acid

Relative molar ratio
Time(h) Sample (mg) | Arabinose (mg) Ratio (%)
Arabinose Galactose
2 21.2 15.5 73.1 4,3 1
5 16.8 17.2 o 102.4 2.5 1
8 4.2 12,9 90.7 2.4 1
14 15.9 . 9.9 62.3 1.6 1

Hydrolysis was carried out with IN-H2SO4 at 105°C in a sealed tube.
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Table 6. Diluted acid hydrolysis products of the arabinogalactan

Acid concn- Time(h) | Temp(°C)| Products (relative molar ratio)
0.IN H2S0s 3 100 Ara (2.9) Gal (D
0.5N H2SO0« 1 100 Ara (3.1) Gal (1)
IN  CFsCOOH 2 90 Ara (1.6)  Gal (1
0.IN ” 4 90 Ara (2.6) Gal (D)
0.05N ” 4 90 - Ara (3.5) Gal (1)
0.02N ” 4 90 - Ara (7.0) Gal (D
0.IN ” 2 90 Ara Gal trace
0.05N ” 2 90 Ara | Gal trace
0.02N ” 2 90 Ara .=
0.IN “ 1 90 : Ara Gal
0.05N ” 1 90 4 Ara’ —
0.02N ” 1 90 Ara =

concn : concentration.
Ara : arabinose.
Gal : galactose.
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Table 7. Hydrolysis products of the degraded arabinogalactana)

Acid concn Time (h) | Residue (mg) Relative molar ratio®
Ara Gal
0.IN  H:2S04 3 23.5 2.1 2,3
0.5N  H280s 1 3..3 1.8 4,3
IN CFsCOOH 2 82.1 19 33
0.IN ” 4 45,3 21 52
0.05N ” 4 62.9 8 30
0. 62N o | 4 51.4 16 50
0.1IN “* 2 48.2 12 31
0.05N ”o 2 32,9 23 80
0.2N ” 2 43,7 ' 8 25
0.IN ” 1 52.1 10 43
0.05N ” 1 3.8 | 38 : 52
0.02N 4 1 41.5 14 . 21

a) The non-hydrolysed residue of the arabinogalactan by heating with diluted
acids.
b) Hydrolysis products with INCFs COOH at 105°C for 5 hours.
Ara : arabinose.
Gal : galactose.
Concn : concentration,
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Fig. 8. Fractionation of the mild acid hydrolysates of the arabinogalactan
on a column (3X50 cm) of charcoal-Celite (1 : 1).

Eluting solvents : water and aqueous alcohol
Flow rate : 100ml/hour
Fraction : 10ml

Detection of sugars : phenol-sulphuric acid method
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Fig. 9. Periodate oxidation of the arabinogalactan.
The arabinogalactan (0.3017g) was dissolved in water (25 ml).and
oxidized by 0.037 M sodium metaperiodate (25 ml) in the dark at 5°C.
Appropriate blank was prepared under the same condition.
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