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The effects of soaking (Tap water, sodium bicarbonate solution) and cooking in tap water were investigated on available and
unavailable carbohydrate contents and starch digestibility of black grams and chick-peas. Available carbohydrates including
total soluble sugars, reducing sugars, non-reducing sugars and starch contents of  these two legumes decreased to various
extents as a result of soaking and cooking. From 3.43 - 25.63% total soluble sugars and 4.26 - 22.70% starch contents were
lost on soaking black grams and chick-peas in tap water and sodium bicarbonate solution. Maximum amounts of total
soluble sugars (28.43 - 59.64%) and starch contents (29.93 - 67.40%) were lost on cooking the water and alkali soaked
legumes. However, these losses were comparatively less in case of water soaking process. Soaking and cooking processes
also brought about some changes in the profile of unavailable carbohydrates of black grams and chick-peas. Soaking in
sodium bicarbonate solution led to an appreciable increase of hemicellulose (42.50 - 54.31%) and NDF (28.69 - 30.68%)
but not in legumes soaked in tap water. However, cooking process caused reduction in NDF (19.25 - 41.04%), ADF (5.48
- 25.31%), cellulose (12.88 - 28.42%) and hemicellulose (31.86 - 59.37%). Lignin contents of these legumes increased to
some extents on cooking whereas it remained unchanged as a result of soaking . Starch digestibility of black grams and chick
peas was markedly improved after cooking. However, no appreciable improvement in starch digestibility was observed
after soaking these legumes in tap water or alkaline solution.
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Introduction
Available and unavailable carbohydrates play an important
role in human health. Available carbohydrates serve as a
source of energy for human body whereas the importance of
unavailable carbohydrates in normal and therapeutic diets
has been well acknowledged in literature ( Spiller  1986; Mor-
row 1991; El-Bayoumy et al 1997). Unavailable carbohydrates
which are commonly known as dietary fibre, mainly consist of
cellulose, hemicellulose, lignin and pectin. These unavailable
carbohydrates components exert different physiological
effects on human health. Unavailable carbohydrates particu-
larly pectin lower serum cholesterol help to reduce the risk of
heart attack (Kelsey 1978). Presence of unavailable carbohy-
drates in diets is also helpful to prevent appendicitis, colon
cancer and constipation in human due to absorption of water
from the digestive track  (Awan 1993; Hu Frank  et al 2000; ). In
diabetics, legumes are reported to reduce the level of glucose
in human blood due to the presence of unavailable carbohy-
drates (Brand et al 1990).

Available and unavailable carbohydrates are present in
various food legumes. Food legumes are usually cooked after

soaking  in water prior to consumption. Cooking process is
known to improve the nutritional quality of legumes whereas
most of the macro and micro-nutrients are lost during soaking
and cooking process (De-Leon et al 1992;  Addy et al 1995).
However, very little information is available in literature
regarding available and unavailable carbohydrates in raw and
cooked legumes. Therefore, present study was undertaken to
investigate the effect of soaking and cooking on available
and unavailable carbohydrate in black grams (Vigna mungo)
and chick-peas (Cicer arietinum). Starch digestibility of
these legumes was also studied after soaking and cooking
processes.

Materials and Methods
Black grams  and chick-peas were obtained from Ayub Agri-
cultural Research Institute, Resalewala, Faisalabad (Pakistan).
These legumes were cleaned to remove broken seeds, dust
and other foreign materials and then subjected to soaking
treatments prior to cooking.

Soaking treatment. A 50g sample of legumes was soaked in
250ml of tap water (pH - 7.0) and sodium bicarbonate solution
(1% w/v, pH - 9.5) separately at 30°C and 100°C for 1-2h. The*Author for correpondence; E-mail: pcsir@brain.net.pk
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soaking solution was drained off, rinsed twice with distilled
water and then dried in a hot air oven (Horizontal Forced Air
Drier, Proctor and Schwartz Inc. Philadelphia, PA) at 55°C for
24h.  Presoaked legumes were cooked in a pressure cooker as
given below.

Pressure cooking. Presoaked legumes were placed in one liter
beakers containing tap water (5ml/g). Tops of the beakers were
covered with aluminium foil. After cooking in a pressure cooker
at 15 lbs/inch2 for 15 min, excess water was drained off and
then dried in a hot air oven at 55°C for 24h. Raw and processed
legumes were ground in a Wiley Mill to pass through a 40
mesh sieve.

Chemical analysis. The total water soluble sugars were extrac-
ted according to the method of Cerning & Guilbot (1973).
Starch was extracted from the sugar free pellet by the method
of Clegg (1956). Quantitative determination of total soluble
sugars and starch was carried out according to the method of
Yemm and Willis (1954). Reducing sugars were estimated by
Somogyi’s modified method (Somogyi  1945), and non-redu-
cing sugars were estimated by calculating the difference bet-
ween total soluble sugars and reducing sugars. Unavailable
carbohydrates including neutral detergent fibre (NDF), acid
detergent fibre (ADF), cellulose, hemicellulose and lignin con-
tents were estimated according to the method of Van Soest
& Wine (1967) and Mc Queen & Nicholson (1979). In accor-
dance with ealier researchers, a preliminary overnight incu-
bation with bacterial alpha amylase was employed. This metho-
dology had already been used by earlier workers for estima-
tion of dietary fibre components in legumes (Vidal-Valverde &
Frias 1991). In vitro starch digestibility  was determined after
digestion with pancreatic α amylase in 0.1M phosphate buffer
at 37°C for 2h. (Costas 1982). All determination were carried
out in triplicate and standard deviation (SD) were calculated
according to the method of Steel & Torrie (1980). Duncans
multiple range test was used to determine significant diffe-
rences (P <  0.05).

Results and Discussion
Table 1 summarizes the available carbohydrates contents of
raw and soaked black grams and chick-peas.Total soluble sug-
ars, reducing sugars, non-reducing sugars and starch con-
tents in black grams and chick peas were 9.64 and  9.83%, 0.78
and  0.83%, 8.86 & 9.00% and 42.95 and  44.33% respectively.
Results in Table 1 show that soaking of black grams and chick-
peas decreased the quantity of availabale carbohydrates i.e.
total soluble sugars, reducing sugars, non-reducing sugars.
When the soaking temperature and time was increased, the
extent of decrease in all these carbohydrates became more
pronounced in these legumes. Sodium bicarbonate solution,

as soaking solution, the extent of loss was significantly (P <
0.05) higher than that observed when these legumes were
soaked in tap water. It is apparent from Table 1 that water
soaking process caused reductions in total soluble sugars
from 4.46 - 19.29% from black grams and 5.90 - 21.56% from
chick-peas whereas 14.41 - 34.33% and 15.36 - 32.96% total
soluble sugars contents were reduced from black grams and
chick-peas respectively, on soaking in sodium bicarbonate
solution. Reduction in reducing and non-reducing sugars
from these legumes on soaking in tap water and sodium bicar-
bonate solution were also observed. Starch contents of black
grams and chick-peas were reduced from 6.86 - 14.94% and
5.07-11.45% respectively, due to water soaking process. How-
ever, starch contents were further reduced from 14.43 - 29.68%
and 13.28 - 24.92% from black grams and chick-peas respec-
tively, as a result of soaking these legumes in alkaline solution
of sodium bicarbonate. In fact, reduction in the levels of avail-
able carbohydrates with these treatments occurred mainly
because of their solubility in simple water and sodium bicar-
bonate solution which has already been observed by earlier
workers in case of other dry beans (Silva and Braga 1982;
Sudesh et al 1986). Generally, legume starch is composed of
soluble and insoluble portions and the soluble portion might
have been extracted out and consequently caused significant
reduction in starch contents.

Available carbohydrates contents of black grams and chick-
peas were further decreased as a result of cooking  (Table 2).
Cooking process caused reduction in total soluble sugars
28.43 - 59.64% and starch contents 30.50 - 67.40% from black
grams whereas, 28.88 - 55.55% total soluble sugars and 29.93
- 63.40% starch contents were lost from chick-peas. It is evi-
dent from these findings that when soaking in water or so-
dium bicarbonate solution was combined with cooking, the
extent of losses of available carbohydrates from these legumes
was significantly (P < 0.05) higher in comparison to that of
simple soaking treatment. This is understandable again based
on the fact that, in boiling water during cooking, the solubility
of sugars will comparatively be much higher than at ordinary
temperature. Contrary to these observations, Rao & Belavady
(1978) reported that cooking brought about a significant in-
crease in soluble sugars. This could be explained by the fact
that cooking water was not discarded in that study whereas
soaking and cooking water was rejected and beans alone were
analyzed for various carbohydrates components during the
present study.

Table 3 summarizes the contents of unavailable carbohyd-
rates contents of raw, soaked and cooked black grams and
chick-peas. NDF, ADF, cellulose, hemicellulose and lignin
contents in raw black grams and chick peas were 24.41 and
25.58%, 11.67 and 9.44%, 9.78 and 8.29%, 12.74 and 16.14%
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and 1.89 & 1.15% respectively. Soaking of black grams and
chick-peas caused some changes in unavailable carbohydrates
profile i.e. NDF, ADF, cellulose, hemicellulose and lignin. Soak-
ing of these legumes in tap water did not significantly alter
NDF, hemicellulose and lignin contents on dry matter basis. A
slight but significant increase in ADF, (4.28% black grams,
3.49%          chick-peas) and cellulose (5.01% black grams,
3.98% chick- peas) was observed (Table 3). Soaking in 1%
sodium bicarbonate solution caused a sharp increase in hemi-
cellulose (54.31% black grams, 42.50% chick-peas), cellulose
increase slightly (6.44% black grams, 6.15% chick-peas) and
lignin   contents remained unchanged. As a result of increase
in hemicellulose and cellulose, NDF and ADF contents of
black grams and chick-peas also increased by 30.68 & 28.69%
and 4.88 & 4.98% respectively. Earlier workers also reported,
significant increase in hemicellulose during soaking of lentils
in sodium bicarbonate solution at room temperature for 9h.
(Vidal-Valverde et al 1992).

Cooking of presoaked black grams and chick-peas also brought
about some changes in unavailable carbohydrates. Reduc-
tion in the amounts of cellulose from 12.88 - 28.42% and hemi-
cellulose from 31.86 - 59.37% was observed from black grams
whereas 15.56 - 33.05% cellulose and 33.02 - 50.24% hemicellu-
lose contents were reduced from chick-peas on cooking
(Table 3). However, lignin contents were distinctly increased
on cooking these legumes. It is apparent from these findings
that the reduction in hemicellulose contents were almost two
times more than those for cellulose contents. Similarly, hemi-
cellulose and cellulose contents were greatly reduced on
cooking the alkali soaked legumes compared to water soaked
legumes. Reduction in cellulose and hemicellulose could be
attributed to chemical degradation of cellulose in glucose,
hemicellulose into arabinose, xylose and galactose as a result
of cooking (Robinson & Lawler 1986). These results are in
consistent with the findings of Vidal-Valverde & Frias (1991),
who found that hemicellulose contents in kidney beans were

Table 2
Effect of cooking process on available carbohydrates contents (%)* of soaked black grams and chick-peas

     Soaking  conditions                          Black Grams          Chick-peas
Soaking    Temp. Time       Reducing            Non                Total             Starch              Reducing            Non               Total              Starch
solution        (°C)     (hr)          sugars            reducing            soluble                                      sugars           reducing            soluble
                                                                      sugars              sugars                                                             sugars              sugars

Raw                   - -     0.78c ± 0.05 8.86a ± 0.35 9.64a ± 0.45 42.95a ± 1.65 0.83a ± 0.06 9.00a ± 0.82 9.83a ± 1.75 44.33a  ± 1.05

Tap water 30 2 0.35b ± 0.06 6.55b ± 0.27 6.90b ± 0.33 29.85b ± 1.79 0.42b ± 0.05 6.80b ± 0.72 7.22b ± 1.11 31.06b ± 0.57

100 2 0.27c ± 0.01 5.73b ± 0.29 6.00b ± 0.32 27.11b ± 1.00 0.38b ± 0.06 5.93b ± 0.55 6.31c ± 0.92 30.15b ± 0.61

1.0%Sodium 30 2 0.23c ± 0.02 4.00c ± 0.22 4.23c ± 0.24 19.65c ± 1.25 0.30c ± 0.04 5.25b ± 0.34 5.55c ± 0.82 20.56c ± 0.32
bicarbonate
solution 100 2 0.14d ± 0.01 3.75c ± 0.22 3.83c ± 0.19 14.00d ± 1.35 0.22d ± 0.02 4.00c ± 0.32 4.22c ± 0.42 16.22c ± 0.40

*; Mean Values ± S.D., n = 3 (dry weight basis). Mean values within a column with the different superscripts a,b,c,d are significantly different at P <
0.05.

Table 1
Effect of soaking on available carbohydrates contents (%)* of black grams and chick-peas

      Soaking conditions                               Black grams                                                                         Chick-peas

Soaking      Temp.   Time   Reducing              Non               Total              Starch          Reducing            Non                Total               Starch
solution          (°C)       (hr)      sugars              reducing           soluble                                   sugars            reducing            soluble
                                                                        sugars             sugars                                                           sugar          sugars

Raw                    - -  0.78a ± 0.02 8.86a ± 0.36 9.64a ± 0.66 42.95a ± 1.7 0.83a ± 0.02 9.00a ± 0.22 9.83a ± 1.12 44.33a ± 1.72

Tap water 30 1 0.75a ± 0.02 8.46a ± 0.29 9.21a ± 0.51 40.00a ± 1.3 0.78a ± 0.04 8.47a ± 0.19 9.25a ± 1.08 42.08a ± 1.84
30 2 0.49a ± 0.03 7.73b ± 0.22 8.22b ± 0.44 37.00b ± 1.5 0.57b ± 0.03 7.77b ± 0.18 8.34b ± 1.07 40.11b ± 1.34

100 1 0.60a ± 0.02 7.89a ± 0.37 8.49a ± 0.40 39.12a ± 1.8 0.76a ± 0.05 8.42a ± 0.17 9.18a ± 0.98 42.22a ± 1.28
100 2 0.38b ± 0.05 7.40b ± 0.41 7.78b ± 0.32 35.50b ± 1.4 0.51b ± 0.04 7.20b ± 0.22 7.71c ± 0.92 39.25b ± 1.62

1.0%Sodium 30 1 0.50b ± 0.04 7.75a ± 0.52 8.25b ± 0.32    36.75b ± 1.14  0.60b ± 0.04 7.72a ± 0.20 8.32c ± 0.89 38.44b ± 1.80
bicarbonate
solution 30 2 0.30c ± 0.02 6.62b ± 0.44 6.92c ± 0.28 35.00b ± 1.2 0.40c ± 0.05 7.40b ± 0.24 7.80c ± 0.55 36.66c ± 1.26

100 1 0.60a ± 0.04 7.27a ± 0.43 7.87b ± 0.21 34.88b ± 1.1 0.65b ± 0.04 7.20a ± 0.25 7.85a ± 0.48 36.05c ± 1.22
100 2 0.33c ± 0.05 6.00b ± 0.38 6.33c ± 0.29 30.20c ± 1.0 0.28c ± 0.02 6.00c ± 0.07 6.28c ± 0.44 33.28c ± 1.30

*; Mean values ± S.D., n = 3 (dry weight basis). Mean values within a column with the different superscripts are a,b,c  significantly different at P < 0.05
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greatly decreased as a result of cooking. It is apparent from
Table 3 that NDF contents decreased from 19.25 - 39.45% &
24.66 - 41.04% respectively, on cooking  presoaked black grams
and chick-peas. Similarly, decrease in ADF contents of black
grams and chick-peas were 5.48 - 17.78%  and 10.38 - 25.31%,
respectively after cooking. These results revealed that reduc-
tion in NDF contents was comparatively higher than ADF
contents. Data presented in Table 3, also showed that reduc-
tions in NDF and ADF contents were markedly higher on
cooking the alkali soaked legumes. Reductions in NDF and
ADF contents in cooked legumes could be attributed to par-
tial degradation of cellulose and hemicellulose into simple
sugars (Robinson and Lawler 1986; Rehman and  Shah 1994).

These results are in agreement with those obtained by Vidal-
Valverde et al (1992) who reported distinct decrease in NDF
due to a drastic loss in hemicellulose on cooking presoaked
lentils.

Besides losses in available and unavailable carbohydrates,
starch digestibility was affected significantly (P < 0.05) on
cooking, whereas it remained almost unchanged after soaking
in water or sodium bicarbonate solution  as shown in Table 4.
Initially, starch digestibility of uncooked black grams and chick-
peas was 37.37% & 39.00% which  became 45.67% & 46.77%
respectively after cooking in a pressure cooker. Maximum in-
crease in starch digestibility was found to be about 120%
after cooking alkali soaked black grams and chick peas in a

Table 4
Effect of soaking and cooking on starch digestibility (%)* of black grams and chick-peas

                                Soaking  conditions                                                 Black  grams                                                      Chick-peas

Soaking solution                Temp.                        Time             Without cooking                 Pressure                   without                      Pressure
                                            (°C)                            (hr)                                                        cooking                    cooking                     cooking

Raw  - - 37.37a ± 1.32 45.67a ± 1.45 39.00a ± 1.27 46.77a ± 1.22
Tap water 30 2 41.00a ± 1.66 59.88b ± 1.49 42.80b ± 1.22 62.00b ± 1.74

100 2 43.38b ± 1.72 64.00b ± 1.28 44.97b ± 1.41 65.50b ± 1.60
Sodium bicarbonate 30 2 42.22b ± 1.54 72.61c ± 1.72 44.00b ± 1.08 74.11c ± 1.72
solution

100 2 44.00b ± 1.29 83.00c ± 1.80 45.89b ± 1.82 86.00d ± 1.46

* Mean values ±  S.D., n = 3 (dry weight basis). Mean values within a column with the different superscripts a,b,c,d  are significantly different
at P < 0.05.

Table 3
Unavailable carbohydrates contents (%)* in raw, soaked and cooked black grams and chick-peas

                                                                 Black grams                                                                                           Chick-peas

Treatments       NDF               ADF           Cellulose   Hemicellulose     Lignin          NDF               ADF          Cellulose  Hemicellulose     Lignin

Raw 24.41a±1.26 11.67a±0.76   9.78a±0.88 12.74a±1.01 1.89a±0.36 25.58a±1.09 9.44a±0.70 8.29a±0.35 16.14a±0.81 1.15a±0.25
Soaking
process
(100°C-2h)

Tap water 24.95a±1.22 12.17a±0.66 10.27a±0.70 12.78a±0.83 1.90a±0.22 25.93a±1.18 9.77a±0.60 8.62a±0.52 16.16a±0.73   1.15a±0.22

Sodium 31.90b±1.21 12.24a±0.60 10.41a±0.61 19.66b±0.52 1.83a±0.32 32.92b±1.01 9.92b±0.42 8.80b±0.50 23.00b±0.49 1.12b±0.25
bicarbonate
solution
(1% w/v)

Cooking
process after
soaking in

Tap Water 19.71c±1.30 11.03b±0.73   8.52b±0.44   8.68c±0.49 2.51b±0.12 19.27c±0.46 8.46c±0.48 7.00c±0.61 10.81c±0.52 1.46b±0.21

Sodium 14.78d±1.27   9.60c±0.61   7.00c±0.40   5.18d±0.22 2.60b±0.11 15.08d±0.15 7.05c±0.22 5.55d±0.20   8.03d±0.18 1.50b±0.11
bicarbonate
solution
(1% w/v)

* Mean Values± S.D., n = 3 (dry weight basis). Mean values within a column with the different superscripts a,b,c,d are significantly different at P < 0.05

460 Z.-ur-Rehman, M Rashid, A M Salariya



pressure cooker whereas the increase was only 68 - 71% on
cooking water soaked legumes in a pressure cooker. Improve-
ment in starch digestibility after cooking could be attributed
due to complete hydrolysis of starch under the drastic condi-
tions of heating under pressure. However, improvement in
digestibility of starch become about two times more for alkali
soaked legumes compared to water soaked legumes on cook-
ing. These results are in agreement with those obtained by
Mbofung et al (1999) who reported distinct improvement in
starch digestibility of cow-peas after cooking. In this study,
legumes were markedly resistant to pancreatic amylase attack
but cooking led to a dramatic increase in its susceptibility to
digest by this enzyme. In fact, cooking improves the diges-
tibility of starch through gelatinization and destruction of
anti-nutrients (Yu - Hui 1991).

Conclusion
Available and unavailable carbohydrates contents of black
grams and chick-peas were reduced to various extents due to
soaking and cooking processes. Soaking temperatures and
time significantly affected the rate of extraction of available
and unavailable carbohydrates. Sodium bicarbonate solution
extracted comparatively more carbohydrates compared to
water soaking process. Maximum amount of available and
unavailable carbohydrates were reduced as a result of cook-
ing process. Besides losses in available and unavailable car-
bohydrates, significant improvement in starch digestibility
of black grams and chick -peas was observed after cooking.
However, no appreciable improvement in starch digestibility
of  black grams and chick-peas was observed after cooking.
However, no sappreciable improvement in starch digestibility
was observed after soaking these legumes in tap water and
sodium bicarbonate solution.

References
Addy E O H, Salami L I, Ibocli L C, Remawa H S 1995 Effect of

Processing on Nutrient Composition and Anti-nutrientive
Substances of African Locust Bean and Baobale Seed. Plant
Foods Hum  Nutri 48(2) 113 - 117.

Awan J A 1993 Elements of Food and Nutrition 1st Ed. Press
Street, Bazar, Faisalabad, Pakistan, pp 3.

Brand J C, Snow B J, Nobhan G P, Truswell A S 1990 Plasma
glucose and insulin responses to traditional Pima Indian
Meals. Am J Clin Nutr 51 416 - 420.

Cerning J, Guilbot J 1973 Specific method for the determination
of Pentosans in cereals and products. Cereal Chem 50 (2)
176 - 184.

Clegg K M 1956 The application of the anthrone reagent to the
estimation of starch in cereals. J Sci Food Agric 7 40 - 44.

Costas G B 1982 Physical characteristics, enzymatic digestibility
and structure of chemically modified smooth pea and waxy

maize starches. J Agri Food Chem 30 925 - 930.
De-Leon L F, Elias L G, Bressani R 1992 Effect of salt solutions

on the cooking time, nutritional and sensory characteristics
of common beans. Food Res Int 25 131 - 136.

El-Bayoumy K, Chung F L, Richie S J, Reddy B S, Cohen L,
Weisburger  J, Wynder  E L 1997 Dietary control of cancer.
Proc Soc Exp Biol Med 216 211 - 233.

Hu F B, Rimm E B, Stampfer M J, Ascherio A, Spiegelman D,
Willett W C 2000 Prospective study of major dietary pat-
terns and risk of cornary heart disease in men. Am J Clin
Nutr 72  912 - 921.

Kelsey J I 1978 A review of research on effect of fiber intake on
man. Am J Clin Nutr 31 142 - 152.

Mbofung C M F, Rigby N, Waldron F 1999 Use of two varieties
and hard-to-cook beans (Phaseolus vulgaris) in the Pro-
cessing of Koki (a Steamed Legume Product). Plant Food
Hum Nutri 54 131 - 150.

McQueen R A, Nichelson J W G 1979 Modification of the neu-
tral detergent fiber procedure for cereal and vegetables by
using alpha amylase. J Assoc Off Anal Chem 62 679 - 681.

Morrow B 1991 The rebirth of legumes.Food Tech 45 96 - 121.
Rao P U, Belavady B 1978  Oligosaccharides in pulses; varietral

differences and effects of cooking and germination. J Agric
Food Chem 26 316 - 319.

Rehman Z U, Shah W H 1994 Preparation of dietary fiber from
mustard seed meal. Pak J Sci Ind Res 37 156 - 159.

Robinson C H, Lawler M R 1986 Normal and Therapeutic Nu-
trition, 7th ed, Callias MacMillion Publishers, London, UK.

Silva H C, Braga C L 1982  Effect of soaking and cooking on the
oligosaccharide content of dry beans (Phaseolus vulgaris,
L. J Food Sci 47 924 - 925.

Somogyi M 1945 A new reagent for the determination of  sugars.
J Biol Chem 160 61-68.

Spiller G A 1986 Hand Book of Dietary fibre in Human Nutri-
tion. CRC Press, Inc., Boca Raton FL, USA.

Steel R G D, Torrie J H 1980 Principles and Procedures of Statis-
tics. McGraw Hill, London, UK.

Sudesh J, Usha M, Randhir S 1986 Effect of Processing on avail-
able carbohydrates in legumes. J Agric Food Chem  34 417
- 420.

Van Soest P J, Wine R H 1967 Use of detergents in the analysis
of fibrous feeds determination plant cell wall constituents.
J Assoc Off Anal Chem 51 417 - 420.

Vidal-Valverde C, Frias J 1991 Legumes processing effects on
dietary fiber components. J Food Sci 56 1350 - 1352.

Vidal-Valverde C, Frias J, Esteben R 1992 Dietary fiber in pro-
cessed lentils. J Food  Sci 57 1151 - 1163.

Yemm E W, Willis A J 1954 The Estimation of  carbohydrates in
plant extracts by anthrone. Biochem J 57 508 - 514

Yu-Hui T 1991 Effect of the hard-to-cook defect and processing
on protein and starch digestibility of Cow-peas. Cereal
Chem 68(4) 413 - 418.

461Carbohydrate content of Black Gram and Chick-pea




