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Abstract

Varieties of wheat, sorghum and bajra having good chapati/roti making quality were studied for carbohydrate profile. Poly-
saccharide fractions (water-soluble, barium hydroxide-soluble, alkali-soluble and insoluble) were isolated from these cereals and
wheat bran and their carbohydrate profiles were studied. Arabinoxylans were the major polysaccharides, other than starch and
cellulose. The ratio of arabinose to xylose in whole-wheat flour and wheat bran was nearly 1.25:1 but the hemicellulose A in wheat
flour was mainly xylan-type. Among the pentosans in barium hydroxide extract of sorghum, the hemicellulose A had more arabi-
nose than xylose, but the hemicellulose B contained nearly equal amounts of arabinose and xylose. Bajra had arabinose and xylose
in nearly equal amounts in both the barium hydroxide extract and alkali-soluble fractions. The alkali-insoluble residues were
complexes of pentosans with cellulose and were strongly bound. Contents of dietary fibre varied between the cereals. Wheat bran

had the highest among the four. © 2001 Elsevier Science Ltd. All rights reserved.

Keywords: Carbhydrates; Arabinoxylans; Chapati; Roti; Cereals; Wheat; Sorghum; Bajra

1. Introduction

Wheat is one of the cereals used extensively in many
parts of the world for the preparation of bread and
many bakery products (Fincher & Stone, 1986; Hose-
ney, Wade & Finley, 1988). Chapati is a typical flat
bread, and is common in many parts of India. Sorghum
and bajra are less common cereals and roti, prepared
from them, are favoured due to their characteristic tex-
ture and flavour (Hulse, Jiang & Pearson, 1980; Murthy
& Kumar, 1995).

Arabinoxylans (pentosans) are known to play an
important role in bread-making quality. These are pro-
ven to have significant influence on water balance and
rheological properties of dough, and retrogradation of
starch (Izydorczyk & Biliaderis, 1995; Vinkx & Delcour,
1996). The arabinoxylans are complex polysaccharides,
having a xylan backbone with branches of arabinose
residues in various linkages. The structures of these
arabinoxylans vary significantly in different cereals and
among varieties and have been topics of great academic
interest (Aspinall, 1980).
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Cereals are usually consumed in large quantities and
contribute considerable amounts of dietary fibre (DF).
Dictary fibres are gaining interest due to their benefits
against a variety of diseases such as diabetes, colon
cancer (Plaami, 1997). Fermentation of dietary fibres
to short chain fatty acids and their modulation of
various physiological processes are of recent interest
(Goni & Martin-Carron, 1998). The physiological
functions of DF, and their chemical nature, vary
from source to source. Wheat bran is a value-added
source of DF.

The present paper deals with the carbohydrate com-
position of cereal varieties, i.e. wheat (Sonalika), sor-
ghum (M354) and bajra (S203) having good chapati/roti
(Indian flat bread) making quality.

2. Materials and methods
2.1. Materials

Sonalika variety of wheat (Triticum aestivum) was
purchased from Agro-Seed Corporation, Agra, India.
Wheat bran was obtained by processing wheat in a
Buhler Automatic Lab Mill MLU 202. Sorghum (Sor-
ghum bicolor, M354 variety) and bajra, also referred as
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pearl millet (Pennisetum typhoideum, S203 variety), were
purchased from Agricultural College, Dharwad, India.
They were milled to flours of 100% extraction in a
hammer mill (Kamas-Slagg) using a 0.8-mm sieve.

Termamyl was procured from Novo, Denmark. Glu-
coamylase and dialysis bags (cellulose membranes,
12,000 cut off) were procured from Sigma Chemical
Company, USA. All other reagents and chemicals used
were of analytical reagent grade.

2.2. Methods

2.2.1. Extraction of polysaccharides

This was done essentially as described earlier (Sali-
math & Tharananthan, 1982; Swamy, Ramakrishnaiah,
Kurien & Salimath, 1991). The flours (100 g) were trea-
ted with 70% ethyl alcohol (400 ml, room temperature
(RT), x3) to extract free sugars. The combined extracts
were pooled and to the insoluble residue, water (500 ml)
was added and cooked in boiling water bath for about
1 h to gelatinise starch. To the slurry, Termamyl (heat-
stable amylase) was added (2 ml) and the mixture placed
in a boiling water bath. Aliquots of 1-2 ml were taken
and tested for the presence of starch by the I,-KI test.
Once the test showed negative, the slurry was cooled
and digested with glucoamylase (Sigma, 200 mg) at
60°C for 4-5 h and tested for starch hydrolysis by the
I,-KI test. The digest was cooled, centrifuged and the
supernatant containing water-soluble polysaccharides
was dialysed against running tap water overnight with a
few drops of toluene and then for 24 h against single-
distilled water. The dialysate was lyophilised to get
water-soluble polysaccharide. To the water-insoluble
residue, saturated barium hydroxide solution (400 ml),
containing sodium borohydride (260 mM), was added
and extracted at RT for 16 h with stirring (x2; Grup-
pen, Hamer & Voragen, 1991). It was then centrifuged
and the supernatant dialysed against sodium acetate
buffer (0.2 M, pH 5.0) and distilled water. Barium
hydroxide-insoluble residue was washed to neutral pH,
dried and then taken for extraction with sodium
hydroxide. The barium hydroxide-insoluble residue was
mixed with 100 ml water, allowed to swell and 40%
sodium hydroxide was added to make 10% concentra-
tion, under nitrogen atmosphere (Whistler & Feather,
1965). The extraction was done for 6 h. The suspension
was centrifuged; the supernatant was kept in an ice bath
and 50% acetic acid was added to precipitate hemi-
cellulose A. The precipitate was centrifuged, washed
with water (x3) and dried by solvent exchange (ethyl
alcohol/ether). The supernatant remaining after pre-
cipitation of Hem A with 50% acetic acid was dialysed
extensively (24 h) against running tap water and then
distilled water and lyophilised to get hemicellulose B.
The residue obtained with alkaline extraction was
washed extensively with water until neutral to pH and

dried by solvent exchange as above, to get the alkali-
insoluble residue.

2.2.2. Analytical methods

Estimation of total carbohydrates was done by the
phenol-sulphuric acid method (Mckelvy & Lee, 1969)
and uronic acids by the carbazole method (Dische,
1947). Starch content in the flour was estimated after
hydrolysing the flour with Termamyl and glucoamylase,
and glucose was estimated by the glucose-oxidase
method (Dahlquist, 1964). Protein content was deter-
mined in the flour by the Kjeldhal method. Sugar com-
position in the flour and water-insoluble fractions was
examined after hydrolysing with 72% sulphuric acid at
ice-cold temperature, followed by dilution to 10% of
sulphuric acid and the boiling water bath temperature
for 6-8 h. The water-soluble fractions were hydrolysed,
either with 2N sulphuric acid at boiling water bath
temperature for 6-8 h with air cool condenser, or 2N
trifluoroacetic acid in sealed tubes at 100°C for 5-6 h.
Sulphuric acid hydrolysates were neutralised with bar-
ium carbonate and deionised with Amberlite IR 120 H™
resin. The trifluoroacetic acid hydrolysates were washed
with water and flash evaporated until neutral. The
sugars were analysed by paper chomatography (PC)
using n-butanol-pyridine—water 6:4:3 by descending
paper chomatography and by gas liquid chomatography
(GLC) as alditol acetates (Sawardekar, Slonekar &
Jeanes, 1967) on an OV-225 column at column tem-
perature of 200°C using a Shimadzu GLC. Dietary fibre
was isolated by the enzymatic method of Asp, Johans-
son, Hallmer and Siljestrom (1983). The soluble and
insoluble dietary fibres were hydrolysed by the 72%
sulphuric acid solubilisation method, followed by dilu-
tion to 10% acid. Sugar composition was determined by
PC and GLC.

3. Results and discussion
3.1. Carbohydrates of wheat

Wheat is the major cereal consumed all over the world
and a considerable amount of work has been done on
the carbohydrates of wheat (Fincher & Stone, 1986;
Hoseney, Wade & Finley, 1988; Izdorczyk & Biliaderis,
1995). Sonalika is one of the popularly consumed
Indian wheat varieties used for the preparation of
chapati — Indian flat bread (Shurpalekar, Kumar,
Venkateshwar Rao, Ranga Rao, Rahim & Vatsala,
1976). Carbohydrate profiles of whole-wheat flour and
its fractions have been studied. The flour is rich in
carbohydrates (84.5%, Table 1) and contains 10%
proteins. The content of starch is 58%. Sugar analysis
of the flour indicated glucose, mainly, with small
amounts of arabinose and xylose and minor quantities
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of rhamnose/fucose and uronic acid. The ratio of
arabinose to xylose in whole-wheat flour was 1.25. The
water-soluble polysaccharides were isolated after
destarchifying the flour. This fraction contained mainly
glucose. This could arise from [-glucans, resistant
starch and some unhydrolysed starch. Small amounts of
arabinose and xylose ,with rhamnose/fucose and uronic
acid, were also observed. Izydorczyk and Biliaderis
(1993) have studied the chemical composition of Canadian
wheat varieties. They showed an arabinose to xylose
ratio ranging from ~1:2 to ~1:1 in fractions varying in
fractionation profile. Barium hydroxide has been used
selectively to extract arabinoxylans from cereals by
many workers (Gruppen, Hamer & Voragen, 1991;
Izydorczyk & Biliaderis, 1995). The water-insoluble
residue was extracted with barium hydroxide (yield,
4.3%). The barium hydroxide extract was rich in carbo-
hydrates and contained arabinose, xylose and glucose.
Glucose was also present. Small amount of mannose
and galactose were also observed. This polysaccharide
could be a complex mixture of arabinoxylan-type poly-
saccharide and B-glucans. The contents of B-glucans in
wheat have been reported to be 0.8% on a dry weight
basis (Henry, 1987). The barium hydroxide-insoluble
residue was further extracted with 10% sodium
hydroxide solution and hemicellulose A (Hem A) was
precipitated with 50% acetic acid. The Hem A contained
xylose, predominantly, with small amounts arabinose
and glucose. This fraction may contain xylan-type
polysaccharides, mainly, with small amounts of arabin-
oxylan-type polysaccharides and fB-glucan type poly-
saccharides. The hemicellulose B (Hem B) contained
high amounts of arabinose and xylose, found to be in
the ratio of 0.9:1. Small amounts of glucose were also
present. The alkali-insoluble residue still contained 40%
non-glucose sugars. This suggests strong association of
arabinoxylans with cellulose. The arabinoxylans are
known to be bound strongly to cellulosic poly-
saccharides and are bound with ferulic acid residues

Table 1
Carbohydrate composition (%) of whole wheat flour and its isolated
fractions®

forming strong ester and ether linkages (Ford & Hart-
ley, 1989; Hartley & Jones, 1976). These associations
make extraction of polysaccharides difficult. The ratio
of arabinose to xylose in different varieties of wheat has
been shown to vary (Izydorczyk & Biliaderis, 1995)
from 0.5 to 1.0 and our studies showed the ratio of
arabinose to xylose to be around 1.0 in most of the
polysaccharide extracts, but Hem A contained mainly
xylan-type polysaccharides.

3.2. Carbohydrates of wheat bran

Wheat bran is the by-product of wheat milling indus-
tries and is valued as a rich source of dietary fibre. The
pentosans present in wheat bran add quality to chapati
making and also add nutritive value as a rich source of
dietary fibre (Adams, 1955; Brillouet & Mercier, 1981).
Wheat bran was rich in carbohydrates (80%; Table 2)
and contained 16% proteins. The content of uronic acid
was high (5%), compared to whole-wheat flour. The
pentoses were the major components, followed by glu-
cose. The ratio of arabinose to xylose was 1.37. High
amounts of pentoses in association with uronic acid
would indicate presence of glucuronoarabinoxylans in
the bran (Brillouet & Mercier, 1981). The starch content
was 10.5%. This could be from the associated endo-
sperm with the bran. The water-soluble polysaccharide
contained glucose, mainly, with small amounts of
arabinose and xylose. This may be due to the presence
of B-glucan-type polysaccharides, and resistant starch,
along with unhydrolysed starch. The content of uronic
acid was 6.5%. Barium hydroxide-extracted arabinox-
ylans contained, principally, arabinose and xylose in a
0.8:1 ratio. Glucose may arise from the resistant starch
that may be formed during gelatinisation. The barium
hydroxide-insoluble residue was extracted with 10%
sodium hydroxide. Both hemicelluloses, A and B, are
rich in pentosans and contain small amounts of glucose
(~17%; Adams, 1955). Small amounts of uronic acid

Table 2
Carbohydrate composition (%) of wheat bran and its isolated fractions®

Yield Total Uronic Sugars identified

Yield Total Uronic Sugars identified

sugar acid sugar acid

Rha/ Ara Xyl Man Gal Glc Ara/Xyl Rha/ Ara Xyl Man Gal Glc Ara/Xyl

Fuc ratio Fuc ratio
Flour (100) 84.5 26 20 100 80 - - 80.0 1.25 Flour (100) 80.7 5.0 - 370 270 - - 260 1.37
WSP 100 8.0 26 14 12 43 - - 931 0.28 WSP 24 8.0 65 13 11.1 84 - - 792 1.32
BE 43 877 22 - 31.6 355 1.4 0.8 30.7 0.89 BE 3.0 995 2.6 - 352 437 - - 21.1 081
Hem A 22 948 3.7 - 163 713 - - 124 0.23 Hem A 9.0 940 23 - 384 432 - 19 165 0.89
Hem B 1.5 957 3.1 — 412 446 - 0.8 134 092 Hem B 17.0 91.0 1.2 - 383 430 - 1.7 17.0 0.89
AIR 39 937 18 - 219 156 19 0.6 60.0 1.41 AIR 240 97.0 1.6 - 145 11.6 - 05 734 1.25

2 WSP, water-soluble polysaccharides; BE, barium hydroxide
extract; Hem A, hemicellulose A; Hem B, hemicellulose B; AIR,
alkali-insoluble residue; Rha, rhamnose; Fuc, fucose; Ara, arabinose;
Xyl, xylose; Man, mannose; Gal, galactose; Glc, glucose.

2 WSP, water-soluble polysaccharides; BE, Barium hydroxide
extract; Hem A, hemicellulose A; Hem B, hemicellulose B; AIR,
alkali-insoluble residue; Rha, rhamnose; Fuc, fucose; Ara, arabinose;
Xyl, xylose; Man, mannose; Gal, galactose; Glc, glucose.
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were also present. Arabinose and xylose were in nearly
equal amounts. Differences in the solubility of hemi-
celuloses A and B could be due to variation in their
structures and also possible linkages with ferulic acid,
uronic acid and other associated polysaccharides (Aspi-
nall, 1980; Gruppen et al., 1991; Swamy et al., 1991).
The alkali-insoluble residue still contained considerable
amounts of pentoses, indicating association with cellu-
lose. The content of arabinose was higher than xylose. It
is interesting to note the strong association of pentosans
with cellulose. Shiba, Yamada, Hara, Okada and
Nagao (1993) reported extraction of water-soluble
polysaccharides containing arabinose and xylose in
nearly 1:1 ratio and containing short-chains of arabinose
residues.

3.3. Carbohydrates of sorghum

Sorghum is one of the staple cereals in India, Paki-
stan, Central and Northern China and Australia. In
parts of India, sorghum is made into a flat bread — roti
which is different but still close to chapati and the tex-
tural properties are favoured by consumers. The roti
prepared from sorghum resembles that made from
bajra. Sorghum, variety M354, which has good roti-
making quality (Chandrashekar & Desikachar, 1984)
had a carbohydrate content of 88.4% (Table 3) and the
content of proteins was 10%. The starch content was
73%. Glucose was the main sugar and could arise
mainly from starch, cellulose and B-glucan types of
polysaccharides (Woolard, Rathbone & Novellie, 1976,
1977). The water-soluble polysaccharide was rich in
glucose. It contained small amounts of arabinose and
xylose. Water-soluble extracts are known to contain
high amounts of B-glucans with associated pentosans.
This would also include resistant starch formed during
the extraction. The barium hydroxide extract contained
high amount of arabinose, followed by xylose and glu-
cose. The ratio of arabinose to xylose was nearly 2.5:1.

Table 3
Carbohydrate composition (%) of sorghum and its isolated fractions®

This may be due to the presence of a mixture of arabi-
nan-type polysaccharides with arabinoxylan-types of
polysaccharides or due to large numbers of arabinose
residues attached to the branch points. The hemicellulose
A contained higher amounts of arabinose than xylose,
while hemicellulose B contained nearly equal amounts
of arabinose and xylose. Associated glucose in these
fractions could be due to resistant starch formed and B-
glucans bound to the pentosans (Ramesh & Thar-
anathan, 1998; Woolard et al., 1976, 1977). It was
shown by other workers that the ratio of arabinose to
xylose varied in different parts of sorghum grain (Kavi-
tha & Chandrashekar, 1992). The endosperm had about
10% pentoses, while the pericarp contained around
50% pentoses (Saldivar & Rooney, 1995). However, the
ratio of arabinose to xylose was 2:1, both in endosperm
and pericarp. The ratio of arabinose to xylose was 1.5:1
in the water extract of sorghum. These variations in the
ratio of arabinose and xylose in different cereals lead to
variations in types of arabinoxylans and hence their
chemical and structural make up (Verbruggen, Beldman
& Voragen, 1998; Verbruggen et al., 1998).

3.4. Carbohydrates of bajra

The roti prepared from bajra (pearl millet) has a
typical texture, which is favoured by consumers. Bajra,
variety S203, having good roti-making quality was
selected for the study (Austin, Hanslas, Singh & Ram,
1971). These rotis when dry, have better keeping and
textural qualities. The carbohydrate fractions are the
major components of the cereals and contain small
amounts of uronic acid. Conspicuously, the content of
uronic acid in all fractions of bajra was small. The con-
tent of starch and proteins are 80 and 12%, respectively.
Sugar composition of bajra flour revealed glucose,
mainly, with small amounts of arabinose and xylose,
along with galactose and mannose (Table 4). Galactose
content is higher in bajra fractions than sorghum and

Table 4
Carbohydrate composition (%) of bajra and its isolated fractions®

Yield Total Uronic Sugars identified
sugar acid

Ara Xyl Man Gal Glc Ara/Xyl
ratio

Yield Total Uronic Sugars identified
sugar acid

Ara Xyl Man Gal Glc Ara/Xyl
ratio

Flour (100) 884 2.6 41 31 - 1.1 91.7 133
WSP 1.7 98.0 + 03 21 13 05 958 0.14
BE 0.6 920 25 634 263 - - 103 241
Hem A 0.1 80.0 34 642 231 - - 127 277
HemB 22 794 26 354 323 - 3.0 293 1.09

AIR 5.1 780 1.3 85 123 50 3.0 712 0.69

Flour (100) 924 2.1 28 3.0 21 02 919 093
WSP 1.8 665 1.2 62 44 - 13 881 140
BE 95 862 1.7 455 366 - 24 155 1.24
Hem A 0.1 80.0 3.1 239 315 1.7 59 370 0.76
HemB 1.7 854 2.1 444 417 06 41 92 1.06
AIR 41 847 1.1 16.6 10.0 19 45 67.0 1.66

4 WSP, water-soluble polysaccharides; BE, barium hydroxide
extract; Hem A, hemicellulose A; Hem B, hemicellulose B; AIR,
Alkali-insoluble residue; Rha, rhamnose; Fuc, fucose; Ara, arabinose;
Xyl, xylose; Man, mannose; Gal, galactose; Glc, glucose. + Present,
but could not be quantitated.

2 WSP, water-soluble polysaccharides; BE, barium hydroxide
extract; Hem A, hemicellulose A; Hem B, hemicellulose B; AIR,
alkali-insoluble residue; Rha, rhamnose; Fuc, fucose; Ara, arabinose;
Xyl, xylose; Man, mannose; Gal, galactose; Glc, glucose. + Present,
but could not be quantitated.



C.D. Nandini, P.V. Salimath | Food Chemistry 73 (2001) 197-203 201

wheat. The galactose may arise from arabinogalactan-
type polysaccharides. The water-soluble polysaccharides
were isolated after hydrolysing starch with Termamyl
and glucoamylase. The amount of uronic acid was
1.2%. Glucose was the major sugar, with small amount
of arabinose and xylose in a 1.4:1 ratio. High glucose
may be due to the presence of B-glucans, resistant starch
formed during extraction and unhydrolysed starch
molecules. The water-soluble polysaccharides were
extracted at room temperature and at 50°C from pearl
millet by earlier workers (Bailey & Sumrell, 1979) and
the compositional studies indicated arabinose to xylose
ratios of 1.5:1, 1.4:1, respectively. A ratio of arabinose
to xylose in the water-soluble fraction of 1.1:3 and, in
the water-insoluble residue, of 1.3:1, in pearl millet has
been reported by Emiola and DelLa Rosa (1981). The
water-insoluble residue was extracted with barium
hydroxide in 9.5% yield. The fractions were rich in car-
bohydrates and contained arabinose and xylose, mainly,
and were approximately in equal proportions. Small
amounts of glucose are also associated with this frac-
tion. The alkali-soluble polysaccharides were rich in
carbohydrates. The Hem A has a higher amount of
glucose than Hem B. The ratio of arabinose and xylose
was about 0.76:1 in Hem A and 1:1 in Hem B. Pento-
sans are the major constituents of hemicellulosic frac-
tions. Small amounts of galactose may arise from
arabinogalactan-type polysaccharides. The ratio of ara-
binose to xylose in alkali-insoluble polysaccharide was
1.7:1. The alkali-insoluble residue contained consider-
able amounts of non-cellulosic polysaccharides. The
complexes of cellulose with arabinoxylans appear to be
quite strong in all three cereals/millets studied. This
would also be due to the associated ferulic acid esters.
High amounts of starch and low quantities of uronic
acid and pentosans having arabinose and xylose in
approximately 1:1 ratio are the characteristic features of
bajra carbohydrates.

The cereals studied showed differences in the yield of
various fractions and the amounts of constituent sugars.
This reveals variations in polysaccharides present in the
cereals. Pentosans are the major constituents of non-
starch polysaccharides. Barium hydroxide-soluble poly-
saccharides, Hem A and Hem B, were rich in pentosans.
The Ara/Xyl ratio of pentosans from these fractions
showed marked variations among the cereals studied.
Arabinoxylans of barium hydroxide-extracted poly-
saccharides might be highly branched in sorghum and
bajra as indicated by high Ara/Xyl ratio whereas those
of whole-wheat flour and wheat bran were less. Bajra
had an intermediate value; Hem A of whole-wheat flour
was of xylan-type, as indicated by a low Ara/Xyl ratio,
and that from sorghum contained mainly arabinose
indicating it to be rich in arabinan-type polysaccharides
and it may also show high amounts of branching with
arabinose. Arabinoxylan from Hem B of whole-wheat

flour and wheat bran seemed to have the same degree of
branching, whereas, in sorghum and bajra flours, the
branching was higher.

These studies clearly showed variations in the ratio of
arabinose and xylose in different fractions and their
extractability. The pentosans are differently associated
with B-glucan and cellulosic polysaccharides. The ester-
linkages of pentoses with ferulic acid are likely to be
different and their association with uronic acid would
also render their solubilities different. Further studies to
purify the pentosans from these are in progress to char-
acterise them chemically, with a view to gaining an
insight into structure-function relationships of pentosans
in wheat, sorghum and bajra for chapati/roti-making
quality.

3.5. DFs from whole-wheat flour, wheat bran, sorghum
and bajra

DFs are known to be beneficial against a variety of
diseases, including colon cancer and diabetes (Goni &
Martin-Carron, 1998; Plaami, 1997). Though the
amount of fibres in cereals is small, consumption of
large quantities of cereals contribute to significant
amounts in the diet. Wheat, sorghum and bajra are the
main cereals consumed in India, mainly in the form of
chapati/roti. Analysis of DFs from whole-wheat flour
and wheat bran of Sonalika variety, sorghum M354 and
bajra S203 is reported in Table 5. The content of DF
was highest in wheat bran. Pentosans were the major
polysaccharides, followed by glucose, which may arise

Table 5
Composition of dietary fibre from wheat flour, wheat bran, sorghum
and bajra flours?®

Yield (%) Total Sugars identified
of defatted sugar

flour
Rha/ Ara Xyl Man Gal Glc
Fuc
Wheat flour
IDF 10.0 96.0 - 429 394 23 1.6 138
SDF 1.0 82.0 - 41.0 31.7 - 99 174
Wheat bran
IDF 35.8 98.0 - 30.8 43.6 - - 256
SDF 4.0 86.0 — 577 244 05 0.6 168
Sorghum flour
IDF 6.0 740 - 339 29.7 3.0 2.6 308
SDF 1.0 81.0 — 183 142 52 9.6 52.7
Bajra flour
IDF 5.0 97.0 1.5 29.7 316 - 48 324
SDF 3.0 813 50 261 246 - 114 329

2 IDF, insoluble dietary fibre; SDF, soluble dietary fibre; Rha;
rhamnose; Fuc, fucose; Ara, arabinose; Xyl, Xylose; Man, mannose;
Gal, galactose; Glc, glucose.
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mainly from cellulose and B-glucans. The soluble diet-
ary fibre contained small amounts of mannose and
galactose. The whole-wheat flour contained around
11% DF. Arabinose and xylose were in higher amounts
followed by glucose (Cho, DeVries & Prosky, 1997).
Strong association of pentosans with cellulose and B-
glucans could be the reason for variations in their solu-
bility. The sorghum M354 variety contained around 6%
insoluble dietary fibre and 1% soluble DF. Glucose was
the major sugar, followed by arabinose and xylose.
Small amounts of mannose and galactose were also
present. Bajra S203 variety contained 5% insoluble
dietary fibre and 3% soluble DF. Arabinose, xylose and
glucose were in nearly equal amounts. Small amounts of
deoxysugars and galactose were also present. The
amounts of DF and their chemical nature bring about
variations in the functionality of DF and their fermen-
tation characteristics (Bourguin, Titgemeyers & Fahey,
1996).

Acknowledgements

C.D.N. thanks UGC, New Delhi for the award of
research fellowship.

References

Adams, G. A. (1955). Constitution of a hemicellulose from wheat
bran. Canadian Journal of Chemistry, 33, 56-67.

Asp, N. G., Johansson, C. G., Hallmer, H., & Siljestrom, M. (1983).
Rapid enzymatic assay of insoluble and soluble dietary fibre. Jour-
nal of Agriculture and Food Chemistry, 3, 476-482.

Aspinall, G. O. (1980). Chemistry of cell wall polysaccharides. In J.
Preiss, The biochemistry of plants (pp. 473-500). New York: Aca-
demic Press.

Austin, A., Hanslas, V. K., Singh, H. D., & Ram, A. (1971). Bulletin
of Grain Technology, 9, 247-251.

Bailey, A. V., & Sumrell, G. (1979). Pentosans in pearl millet. Cereal
Chemistry, 56, 295-298.

Bourguin, L. D., Titgemeyers, E. C., & Fahey, G. C. (1996). Fermen-
tation of various dietary sources by human fecal bacteria. Nutrition
Research, 16, 1119-1131.

Brillouet, J. M., & Mercier, C. (1981). Fractionation of wheat bran
carbohydrates. Journal of the Science of Food and Agriculture, 32,
243-251.

Chandrashekar, A., & Desikachar, H. S. R. (1984). Processing and
culinary properties of grain sorghum. In D. K. Salunkhe,
J. K. Chavan, & S. J. Jadhav, Nutritional and processing quality of
sorghum (pp. 171-186). New Delhi: Oxford and IBH Publishing
company.

Cho, S., DeVries, J. W., & Prosky, L. (1997). Dietary fibre analysis
and applications. AOAC International.

Dabhlquist, A. (1964). Method for assay of intestinal disaccharidases.
Analytical Biochemistry, 7, 18-25.

Dische, Z. (1947). A new specific colour reaction of hexuronic acids.
Journal of Biological Chemistry, 167, 189—198.

Emiola, L. O., & DeLa Rosa, L. C. (1981). Characterization of pearl

millet non-starchy polysaccharides. Journal of Food Science, 46,
781-785.

Fincher, G. B., & Stone, B. A. (1986). Cell wall and their components
in cereal grain technology. In Y. Pomeranz, Advances in cereal
science and technology (pp. 207-295). St.Paul, MN: American
Association of Cereal Chemists.

Ford, C. W., & Hartley, R. D. J. (1989). GC/MS characteristics of
cyclodimers  from  p-coumaric and ferulic acids by
photodimerisation — a possible factor influencing cell wall biode-
gradability. Journal of the Science of Food and Agriculture, 46, 301—
310.

Goni, 1., & Martin-Carron, N. (1998). In vitro fermentation and
hydration properties of commercial dietary fibre-rich supplements.
Nutrition Research, 18, 1077-1089.

Gruppen, H., Hamer, R. J., & Voragen, A. G. J. (1991). Barium
hydroxide as a tool to extract pure arabinoxylans from water inso-
luble cell wall material of wheat flour. Journal of Cereal Science, 3,
275-290.

Hartley, R. D., & Jones, E. C. (1976). Diferulic acid as a component of
cell walls of Lolium multiforum. Phytochemistry, 15, 1157-1160.
Henry, R. J. (1987). Pentosan and (1—3), (1—>4) B-glucan concentra-
tions in endosperm and whole grain of wheat, barley, oats and rye.

Journal of Cereal Science, 6, 253-258.

Hoseney, R. C., Wade, P., & Finley, J. W. (1988). Soft wheat pro-
ducts. In Y. Pomeranz, Wheat chemistry and technology (pp. 407—
456). St.Paul, MN: American Association of Cereal Chemists.

Hulse, J. H., Jiang, E. M., & Pearson, O. E. (1980). Sorghum and the
millets: Their composition and nutritive value. London: Academic
Press.

Izydorczyk, M. S., & Biliaderis, C. G. (1993). Structural heterogeneity
of wheat endosperm arabinoxylans. Cereal Chemistry, 70, 641-646.

Izydorczyk, M. S., & Biliaderis, C. G. (1995). Cereal arabinoxylans:
advances in structure and physico-chemical properties. Carbohy-
drate Polymers, 28, 33-48.

Kavitha, R., & Chandrashekar, A. (1992). Content and comparison of
non-starch polysaccharides in endosperm of sorghum varying in
hardness. Cereal Chemistry, 69, 440-443.

McKelvy, J. F., & Lee, Y. C. (1969). Microheterogeneity of the car-
bohydrate group Asparagillus oryzae a-amylase. Archives of Bio-
chemistry and Biophysics, 132, 99-100.

Murthy, D. S., & Kumar, K. A. (1995). Traditional uses of sorghum
and millets. In D. A. V. Dendy, Sorghum and millets chemistry and
technology (pp. 185-221). St. Paul, MN: American Association of
Cereal Chemists.

Plaami, S. P. (1997). Content of dietary fibre in foods and its physi-
ological effects. Food Research International, 13, 29-76.

Ramesh, H. P., & Tharanathan, R. N. (1998). Structural character-
istics of a mixed linkage B-glucan from sorghum (Sorghum bicolor).
Carbohydrate Research, 308, 239-243.

Saldivar, S. S., & Rooney, L. W. (1995). Structure and Chemistry of
Sorghum and Millets. In D. A. V. Dendy, Sorghum and millets
chemistry and technology (pp. 69-124). St. Paul, MN: American
Association of Cereal Chemists.

Salimath, P. V., & Tharanathan, R. N. (1982). Carbohydrates of field
bean (Dolichos lablab). Cereal Chemistry, 59, 430-435.

Sawardekar, J. S., Sloneker, J. H., & Jeanes, A. (1967). Quantitative
determination of monosaccharides as their alditol acetates by gas
liquid chromatography. Analytical Chemistry, 37, 1602—-1604.

Shiba, K., Yamada, H., Hara, H., Okada, K., & Nagao, S. (1993).
Purification and characterisation of two arabinoxylans from wheat
bran. Cereal Chemistry, 70, 209-214.

Shurpalekar, S. R., Kumar, G. V., Venkateshwar Rao, G., Ranga
Rao, G. C. P, Rahim, A., & Vatsala, C. N. (1976). Physicochem-
ical, rheological and milling characteristics and bread and chapati
making quality of Indian wheats. Journal of Food, Science and
Technology, 13, 79-83.

Swamy, N. R., Ramakrishnaiah, N., Kurien, P. P., & Salimath, P. V.



C.D. Nandini, P.V. Salimath | Food Chemistry 73 (2001) 197-203 203

(1991). Studies on carbohydrates of red gram (Cajanus cajan) in
relation to milling. Journal of Science of Food and Agriculture, 57,
379-390.

Verbruggen, M. A., Beldman, G., & Voragen, A. G.J. (1998). Enzymatic
degradation of sorghum glucuronoxylans leading to tentative struc-
tures. Carbohydrate Research, 306, 275-282.

Verbruggen, M. A., Spronk, B. A., Schols, H. A., Beldman, G.,
Voragen, A. G. T., Thomas, J. R., Kamerling, J. D., & Vligenthart,
J. V. G. (1998). Structures of enzymatically derived oligosaccharides
from sorghum glucuronoxylans. Carbohydrate Research, 306, 265—
274.

Vinkx, C. J. A., & Delcour, J. A. (1996). Rye (Secale cereale L.) ara-
binoxylans: a critical review. Journal of Cereal Science, 24, 1-14.
Whistler, R. L., & Feather, M. S. (1965). Hemicellulose extraction
from annual plants with alkaline solutions. Methods in Carbohy-

drate Chemistry, 5, 144-145.

Woolard, G. R., Rathbone, E. B., & Novellie, L. (1976). A hemi-
cellulosic B-D-glucan from the endosperm of sorghum grain. Car-
bohydrate Research, 51, 249-252.

Woolard, G. R., Rathbone, E. B., & Novellie, L. (1977). Structural
studies on the water soluble gums from the endosperm of sorghum
grain. Carbohydrate Research, 53, 95-100.



