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" Abstract: Mature soybean seeds (variety FFR 559) were analysed for the non-starch °
polysaccharide composition. Non-starch polysaccharide (NSP) fractions were extrac-
ted by two methods, namely, chemical (trichloroacetic acid-TCA) and enzymatic
methods. Yields of TCA- soluble, enzyme-soluble, TCA-insoluble and enzyme-
insoluble NSP were 1.4, 13.1,, 24.9 and 28.8% of the defatted flour, respectively. The
differences in yields between the two methods were primarily due to contamination

. with non-carbohydrate materials (protein, ash and lignin) to the extent of 18.4-

-30.8%. The results showed the soluble NSP to be an arabinogalactan type of poly-
saccharide containing arabinose and galactose in approximately 2:1 ratio, and a
uronic acid content of 30.4%. Cellulose associated with arabinogalactan, xylan and
pectic polymers predoninate the insoluble NSP. Mature soybean seeds were found to -
be free. of starch.’ : : ' .

1. Introduction

Carbohydrates of legumes have been extensively studied for their starch

constituents.! 7 Cell walls, essentially -constituting of non-starch polysaecha-

rides; which together with lignin are now referred to as the dietary fibre,’

- have received comparatively little attention because they are highly insoluble
and ‘therefore lack the functional properties exhibited by starch. They are
indigestible by the human digestive system and consequently believed to
contribute little nutrition»ally.'1 8 However, there is current evidence that this
indigestible fraction could be nutritionally beneficial in lowering blood

- cholesterol levels and various intestinal disorders.!8 - '

- The significance of these legume seed components also stems from the
.fact that they are important in many technological processes. One example is
the arabinogalactan of black gram. It has been shown that in the preparation
of ‘idli’, arabignogalactan is essential for stabilization of the texture created

by the protein network.2° ; - . T

Some researchers have attempted to characterise the complex poly-
saccharide in.various legume seeds without any special interest in dietary
fibre. Morita,!! and Aspinall and Cottreli? have extracted a crude hot water
soluble ‘polysaccharide using NaOH and phenol:acetic acid:water, respec-
tively to solubilise proteins. In these studies, components representing only
a small proportion of the total polysaccharide were isolated and characteri-
sed. This approach tends to yield highly purified fractions which can be
chemically well characterised, bit are not representative of the total poly-
saccharide. The objective of this study was to isolate, identify and quantify

_the constituent monosaccharides in the non-starch' polysaccharide. (NSP) of
mature soybean seeds. In addition, the starch content was’ also determined.’
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- 2. Materials and Methods .
2.1 Sample Preparation

Mature soybean seeds (variety FFR 559) were obtained fromAKentuCky ‘Seed
Improvement. Association, U.S.A. They were ground in a Wiley laboratory
mill to pass through a 60 mesh sieve and defatted with hexane for 16 h,
Moisture determination was carried out by heating samples at 130%C for 1h,
All yields and composition were calculated on a moisture - free basis. All
reagents used were of analytical grade. _ o ' '

2.2 Isolation of Non-Starch Polysacchéridés o

Non-starch polysaccharides were isolated by two different methods. The first
method?? involved extraction of 10g flour with 60 ml 10% (w/v) trichloro- -
acetic acid (TCA) for 6 hat 4°C with continuous stirring and then centrifu-
“ging for 30 min at 10,000 x g (4°C). The extraction was repeated thrice. The
‘supernatants were combined, filtered and precipitated with 3 volumes of
75% (v/v) acetone. The precipitate was redissolved in 10 ml TCA and repreci- -
- pitated with 3 volumes of acetone. The white precipitate that resulted was
thoroughly - washed with acetone, dissolved in- water, dialysed (72 h) and

freeze-dried to obtain the soluble polysaccharide (TCA—S). :

'~ Since the residue after TCA extraction contained both the insoluble -
polysaccharide and the protein precipitated with TCA, the residue was trea-
- ted (1 h) with 0.2 N NaOH until the pH was 11.5, to solubilise the proteins, -
The residue after deproteinization was the insoluble polysaccharide (TCA—
I). ‘ _ . , o , : :

In the second method, the soluble and insoluble polysaccharides were
extracted by the procedures of Hellendoorn,? as modified by Schweizer and
Wurch.!® This method involved stepwise degradation by pepsin followed by
‘Pancreatin, a preparation which has proteolytic, lipolytic and amylolytic
activities and precipitation of soluble polysaccharide (ENZ —8) with 4
volumes of ethanol. This residue forms the insoluble polysaccharide (ENZ—
I). Since our analysis showed soybean to be free of starch, autoclaving and
the use of glucoamylase were omitted from the original procedure. However
aqueous sample suspension was boiled at 95°C for 20 min in order to inacti-
vate the protease inhibitors. - '

2.3 Analytical Methods .

The polysaccharidé fractions were ’hydrdlyséd‘by a modified .Sae'r"nan s proce-
dure ‘as reported earlier.13 Preliminary experiments showed that a 96%

~ recovery of standard sugars is possible by this procedure.

Preliminary identification’ of sugars in ‘the deionized and filtered
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~ hydrolysates was obtamed by Thin Layer Chromatography.’” Neutral sugars
present in the soluble and  insoluble polysaccharides were determined by

High . Performance L1qu1d Chromatography (HPLC) as described by
Ravindran and Palmer.!® Uronic acid in the polysaccharide fractions was -
determined by the method of Ahmed and Labavitch! using a galacturomc
acid standard (Slgma Chemical Co., St. Louis, MO).

Protem and hgmn were determined by the micro-Kjeldahl procedure
of Robinson'* and the permanganate oxidation method of Goering and Van
. Soest,? respectively. The ash in the polysaccharide fractions was determmed

by welghmg the residue after heating at 525°C for 5 h. ‘

Starch in the defatted flour was determined by -perchloric acid
method12 and the results of which was checked by an enzymatic assay.!®

3. Results and Discussion

There is no generally accepted approach to the extraction and/or analysis
of non-starch polysaccharides of plants. In the present study, two methods
. were employed to extract the NSP fractions from defatted soybean flour.
The determination of NSP by purely chemical methods offers some advan-
tages. The major one is their effectiveness in deproteinising the materials.
The TCA—S extracted in our study contained only 1% protein. But the
chemical methods are obviously less ‘biologically’ relevant than the use of
enzyme(s) in vitro?>2+23: which simulates normal human digestion. ENZ—S
and ENZ—I obtained by this method however, contained 9 and 25% protein,
respectively. These high levels .may have arisen as a result of incomplete
digestion of protems by the enzymes. The indigestible fraction from some
plant sources is known to represent considerable percentage of the total
protem Whether this indigestible protem is of structural -cell wall nature or
merely refractory to digestion requires clarification. There is however, ample .
evidence that it is not wholly of a cell wall nature in all cases.

Soluble NSP fractlons extracted by both methods contained apprecia-
ble amounts of ash (Table 1). Decreased solubility of chelated minerals in
alcohol and acetone may have contributed to the presence of such levels of
minerals in the soluble fractions. In the EN Z—S8, however, since the method
involved mcubatlon in relatively high concentration of sodmm phosphate
buffer, it seems hkely that ‘most of the ash came from precipitation of
buffer salts. ENZ—S also contained 9.3% unhydrolysed residue and is
probably attnbutable to. ligno-cellulose complex. In addition to ash and
protein, the insoluble fractlons also contained lignin (3. 3%)

. Yields of TCA—S, ENZ—S TCA—I and ENZ—I fractions were 1.4,
13.1, 24.9, and 28.8% of the defatted soybean meal, respectively. As noted
earlier, the differences in yields between the two methods, were primarily
due to contammatmn w1th protein and ash to varymg extents The TCA
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procedure mcludes an extensxve dxalysls of the soluble fraction and it is

possible that some losses: of low molecular weight material may have

occurred during dialysis. Another possible reason for the observed differen-

ces may have been the mcomplete preclpltatlon of the soluble fraction with:

acetone

TCA and enzyme soluble extracts contained 474 and 49.5% neutral

sugars- and 24.6 and 20.8% acidic polysaccharides, respectively (Table 1),

The insoluble polysaccharide fractions contained less uronic acid, 58.3-

65.1% neutral polysacchandes and 7.8-9.5% acidic polysacchandes The data -
was corrected for the presence of non-catbohydrate material (28.4-30. 2% in’
soluble and 18.4-30.8% in insoluble polysaccharide fractions) and expressed
.as a percentage of polysaccharides in Table 2. Expressed either as percent .
of defatted meal (Table 1) or of polysaccharides, the data for the sugar and -
‘uronic acid - compos1t10n of soybean NSP was found to be consxderably ‘

” co nsmtent

Table 1 Composition of Soluble(S) and Insoluble(T) polysacchande Frac-
tions of Defatted. Soybean Flour- (% of dry matter)sl

- Compositign. . “TGA-S . -~ ENZ—S- < TCA-1 " . ENZ~I .
Yield - 14 131 249 288
‘Galactose® 262408 26.6:21 . 19.9%09 . 18.0£17
“ Arabinose® 'i4.3i0.4" 137807 10513 - 9:8£1.0
Xylose® 3.90.6 4.2%0.8 6112 5.7:0.3
Glucose® 15801 . 2.9t01 286822 24,811
'Mfannos:el? : o 15t01  2.1%0.9 -
Rhaminose? tr'ace o trace. - trﬁce‘.' : ttace
 Uronic Acid® 24.6%0.5 . 20.8£0.3 - 7.8£0.3 '. 9.5£0.4
(Total neutral + e ‘ o . <
acidic sugars)® (72.0£2.4) - (70.3%4.9) (72.915.9)- .(67.8;4.5»)‘;
Protein 1000 . 8.9:0.8 12318 . 24.9t09 -
Ash - 29.2%03 122405 - 2.9t01 - 2.5%0.1
Lignin = . B o 3209 . 34406
o o 7.306°
',_RLecovery BTN v1’02.z¢2.7 = 987278 ’91'.3'1‘_8.8‘ 98;61:‘7.4

& Each value represents the mean of three dcterrnmanons t standard dcvxatlon.
_ b Neutral and acidic sugars are expressed as polysacchandes
Unhydrolysed resxdue :

p 3]
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Galactose (36:39%) and to a lesser extent arabinose (19-20%) are the
major neutral sugar constituents. The galactose : arabinose ratio was approxi-.
mately 2 : 1, suggesting that much of the soluble NSP of soybean may be the
arabinogalactan characterised. by Morita!! and Aspinall.’ Lupins are also
reported to have galjara ratio of 2.5 : 1 in the cold water soluble polysac-
charide.!® Galacturonic acid (27-34%) was the accompanying acidic sugar.
Xylose, glucose and mannose were also present in the soluble NSP fractions -
in smaller quantities, generally in the range of 2-6% (Table 2). Mannose is -
reported to be present as a side chain’sugar in water soluble polysacchari-
des?! and might have given rise:to the m’annosg'_ determined in our samples.
Glucose might have arisen from the fraction in the residue. Rhamnose was
observed in trace amounts, The presence of rhamnose and galacturonic acid

“suggests that rhamnogalacturonans might occur as cell wall constituents.
Moreover, the predominance of arabinose and galactose which are the major
“pectic neut_ral‘ sugars indicates that soybean NSP are mainly of the pectic
type. ' ‘ o '

' Table 2. Distribution of Neutral and Acidic Sugars as % of Polysaccharide.

| TcA—S - ENZ-S .  TCA-1 ENZ-I
Yield 1o . 92 182 195
Galactose 36.4 37.8 213 - 265
Arabinose 19.9° - 195 o 14.4 14.5
Xylose 54 59 84 - 8.4
Glucose ‘ .21 41 . 392 36.6

Mannose = . .21 3.0 - -
Uronic acid 34.2 26.7 - 107 140
Galactose: ' C ' ' '
arabinose o S S
‘ratio. | 1.8:1 ° _ 1.9:1 oo L9 B - 1.8:1

Glucose (37-39%) was the predominant sugar in both insoluble NSP
fractions and was probably derived from cellulose. The composition of the
non-cellulosic polysaccharides in the' insoluble fractions was ‘calculated,
~ based on the assumption that all the glucose in the hydrolysates was derived
‘from cellulose. The mean composition of the non-cellulosic polysaccharide
" in the two fractions was 43.4% galactose, 23.3% arabinose, 13.5% xylose
and 19.8% uronic acid. Apparently galactose predominates the insoluble NSP -
. of soybean as they do in the soluble NSP. Xylans and pectic substances are’
also prominent and the proportion of galactose :. arabinose is same as the
soluble NSP. Hull polysaccharides bf legumes are reported to be mainly
arabino- and glucuronoxylans.* Hence the high xylose content in the insolu--
ble NSP could be due to the fact that whole seeds were used in the present
study. . B : :

The results of the present study indicate that there is no sharp border- "
_ line between the soluble and insoluble NSP fractions. Polysaccharides of very
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related compos1t10n arabinogalactan for ‘example, are found both as soluble
and 1nsoluble components. -

Starch determmatlon on defatted soybean flour by the enzymatic and
perchloric¢ acid procedures showed the mature soybean to be free of starch,
confirming the report of Altschul.? Several other legume seeds, sunflower, 4
winged beans’ * and lupins' © are also reported to be nearly starch-free.

References

1. VAHMED A.E.L. & LABAVITCH, J M. (1977) J. Fond Biochem. 1: 361

2. ‘ALTSCHUL A.M. (1958) Processed Plant Protein Foods. Academic press, New York, p. 374. |
3, ‘ASPINALL G.0. & COTTRELL, LW. (1971) Canadum] Cbem 49 : 1019

4. BRILLOUET JM. (1982) Sc1 Aliments. no hors serie, 11: 135,

5. BURKITT DP. & TROWELL H.C. (1975) In “Refined Carbobydrate Foods and Diseases’’,
) Academxc Press, London. . ! )

6. FAO. (1970) Numuona‘l Studies No 24. Rome.’
7. GAUCH R., LEVENBERGER U & BAUMGARTNER E (1979). ] Cbrom. 174 : 9

8 GOERING HK. & VAN SOEST, P.]. (1970) Forage fiber analysis, USDA Agnc Hand book
No. 379, US. Govt printing offjce, Washington DC, p.9.

9.  HELLENDOORN, E.W. (1975) J. Sci. Food Agric. 26 : 1461,
10. ' MATHESON, N.K. & SAINI, HS. (1977) Phytochem. 16 : 59.
11 MORIT/A, H. (1965) Agric. Biol. Chem, 29 : 564,
12, PUCHER, C.W., LEAVENWORTH, C.S. & VICKERY, H.B, (1948) Anal. Chem, 20 : 850.
13.. RAVINDRAN,G. &PALMER J.K. (1984) J. Food Sci, 49 : 70.
14, ROBINSON; J.BD (1956). Analyst. 81 : 316.

15, . SAEMAN; J.F., MOORE, W.E. & MILLETT,. M.A. (1963) In methods in Carbobydmte
o 'C'bemzstry, Vol, III." Acadeniic press, New York, p. 54.

16. SALOMONSSON A.C., THEANDER 0. & WESTERLUND, E. (1984) Sw, J. Agric. Res.
: 14 111: '

17, SATHE, S.K. DESHPANDE S.S. & SALUNKHE D. K. (1981)_ Ctit. Reviews in Food Sci, and’
: Nutr 21(1) : 4-1 : :

18, »SCALA J. (1976) In “The Nutrition Crisis : A. Reader" Labuga, T.P,, Ed., West Publishing
Co., St, Paul, an,p 2. . . S i ’

19. ‘SCHWEIZER T.F, &WURSCH P, (1979)] Sci, FoodAgm 30 613

20. SUSHEELAMMA NS. & RAG, M.V.L. (1978)] Agric. Food Chem, 26 : 1434,
21."  UNRAU,AM. (1964) Can ‘J. Chem. 42 : 916

22.. _ VAN SOEST P.J. & WINE, R.H. (1967)] Assoc Off Agnc Chem. 50 : 50,

23. VAN SOEST P.J. &MCQUEEN ‘R.W, (1973) Proc Nutr Soc, 32 :123.



	JNSF16_2_223.pdf
	JNSF16_2_223 (2).pdf
	JNSF16_2_223 (3).pdf
	JNSF16_2_223 (4).pdf
	JNSF16_2_223 (5).pdf
	JNSF16_2_223 (6).pdf

