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Abstract A process for the preparation of defatted, deb-
ittered and off-flavour free guar meal flour (GMF) with
high protein content was standardized to improve the utility
and use range of guar meal which is otherwise a low value
product mainly used as poultry and cattle feed. The GMF
had protein, crude fat, crude fibre and ash content of 41.51,
0.20, 6.95 and 5.50 g/100 g, respectively. The saponins
and tripsin inhibitor activity of GMF were 0.67% which
was significantly higher and 36.90 TIU mg/g protein that
was significantly lower respectively than guar meal korma.
Guar meal proteins had the amino acid makeup comparable
to reported studies on soy meal proteins. Iron (41.33 mg/
100 g) and zinc (6.40 mg/100 g) content in GMF was in
appreciable amounts. The water absorbing capacity, swel-
ling capacity and oil holding capacity of GMF was high
hence can be used as a component in various food for-
mulations. The incorporation of GMF at 20% level for the
preparation of nutritious biscuits was found to be optimum
with respect to physical and sensory characteristics.

Keywords Guar meal flour - Protein - Saponins -
Trypsin inhibitors - Amino acids - Minerals

Significance Statement A novel process of removing unpleasant
flavour and taste causing factors from guar meal using GRAS
solvents has been explained. The resultant nearly defatted, debittered
and off-flavour free flour can be a potential nutrient rich supplement
of plant origin with higher economic value.
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Introduction

Guar (Cyamopsis tetragonoloba) is an important drought
resistant annual legume which is used primarily as a fodder
crop. It is a major supplementary protein source to the
cattle composed of 30-33% hull, 27-30% endosperm and
43-47% germ [1]. A major commercial product from guar
is its gum which has significant application in industry as a
source of natural hydrocolloid. This property makes it
useful in mining, petroleum drilling and textile manufac-
turing [2]. Guar gum, has ample applications in food
industry as well. It is used as gelling, viscosifying, thick-
ening, clouding and binding agent as well as for stabi-
lization, emulsification, preservation, water retention and
enhancement of water soluble fibre content.

The by-product of guar gum industry called guar meal
consists of seed coat and germ material. Guar meal comes
in two forms: Guar meal churi and Guar meal korma. Guar
meal churi is a hull part of the guar seed while korma is
basically the germ part and is obtained after the gum is
extracted from the guar seeds. The guar meal is a potential
source of protein as it contains 38-50% crude protein,
which is one and a half times more the level of protein in
the guar seed. The guar meal at lesser concentrations is
being used as feed for livestock including poultry. It is
available at approximate cost of Rs 20-30/kg. Owing to its
low price and high protein, this product has ample scope to
be incorporated in human foods as well when protein
insufficiency is a crucial nutritional issue of Indian diets.

The lower quality and quantity of protein in traditional
Indian diets results in widespread protein malnutrition
among children and adults. Though the high nutritive value
of guar meal has been well recognized, Guar meal has a
few substances which impart bitter taste and off-flavour
[3]. Due to presence of these undesirable substances, guar
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meal has limited use in livestock feed and almost negli-
gible use in foods for human consumption. The pungent
flavor and bitter taste might be attributed to some phos-
pholipids or fat soluble compounds makes it unfit for
human consumption. The study aims to standardize a
process for the preparation of a defatted, debittered and off-
flavour free guar meal flour having optimum functional and
nutritional characteristics so that it can be enriched in
commonly consumed food products in order to enhance the
protein content of the final product and at the same time,
produces texturally and organoleptically superior products
thereby improving the utility and use range of guar meal.

Material and Methods
Procurement of Material

Two by-products namely guar meal korma and guar meal
churi were procured from Hindustan Gum and Chemical
Limited, Bhiwani, Haryana, India. The material was stored
at 25 °C prior to processing and analysis. Both the products
had pungent flavour and taste rendering to its non-utility
for human food. The protein content of guar meal korma
and churi was analysed by kjeldahl method [4]. The guar
meal korma due to its higher protein content (50.81%) than
churi (33.36%) was chosen for the study. The korma was
ground to a fine powder in an electric grinder (S.K.
Enterprise, India) with the particle size ranged between 70
and 100 mesh.

Preparation of Defatted, Debittered and Off-
Flavour Free Guar Meal Flour (GMF)

Powdered guar meal of 100 g was soaked in 500 ml of
undiluted ethanol (95%) in the standardized mass/volume
ratio of 1:5 for 1 h at room temperature. The ethanol was
drained from the mixture thus, removing the ethanol sol-
uble materials. The residual ethanol was recovered by
vacuum evaporation. The guar meal powder was then
extracted with 500 ml of n-hexane for 3 h by stirring at
350 rpm. The extraction step using n-hexane was repeated
twice for 3 h each so that the resultant fat in the meal
became less than 0.2%. The hexane in each cycle was
recovered. The two lipid components that were solubilized
in ethanol and n-hexane were collected separately.

Nutritional Analysis of Korma and GMF
Guar meal korma and GMF were analyzed for moisture,
crude protein, crude fat, ash, and crude fibre according to

the methods described by AOAC [4]. Carbohydrates were
determined by difference from the total moisture, crude
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protein, crude fat, ash, and crude fibre. Amino acid content
was determined by Amino Acid Analyzer (Hitachi,
L-8900). The minerals in the samples were assessed by
Inductively Coupled Plasma Atomic Emission Spectrom-
etry (ICP-AES). The saponin content was determined by
double extraction gravimetric method described by Har-
borne [5]. Trypsin inhibitor activity (TIA) was analyzed by
the method of Roy and Rao [6].

Functional Properties of GMF

Water holding capacity (WHC) and oil holding capacity
(OHC) were determined by the methods described by
Sosulski et al. [7] and swelling capacity (SWC) were
measured according to the method reported by Okaka and
Potter [8]. Emulsifying activity and emulsion stability were
determined by the method of Yasumatsu et al. [9]. Foaming
capacity and stability after 30 min were determined in 1%
protein solutions as reported by Wang and Kinsella [10].

Biscuit Formulations and Preparation

To test the suitability of GMF for enrichment in high
protein biscuits, the biscuits were standardized by blending
refined wheat flour (72% extraction rate) with guar meal
flour in varying ratios i.e. To—100:0 (control); T;—90:10;
T,—80:20; T3—70:30. Control formulation (T;) com-
prised of 100 g wheat flour, 50 g sugar, 50 g butter, 1 g
salt, 0.5 g sodium bicarbonate, 0.25 g ammonium bicar-
bonate, 0.5 g baking powder and 10 ml milk. Butter and
sugar were mixed until creamy using hand blender (Philips
HR 1469, 300-W). The dried ingredients were shifted twice
and were put into the mixture of butter and sugar. They
were uniformly mixed to obtain consistent dough. The
dough was rolled out to a height of 5 mm and cut into
spherical shape with diameter of 6 cm using a biscuit
cutter. The biscuits were baked at 180 °C for 20-25 min,
cooled at room temperature and sealed in plastic bags for
further measurements and analysis.

Physical Characteristics of Biscuits

Diameter (D) and thickness (T) of the biscuits were stud-
ied. Five pieces of biscuits from each formulation were
weighed and the average weight (W) of each biscuit was
noted down. They were then placed edge to edge and
stacked one above the other to measure the diameter
(D) and thickness (T), respectively. The average values of
diameter (D) and thickness (T) were expressed in mm [11].
The spread ratio is calculated as D/T. The hardness (in
terms of maximum force used to break the biscuits) was
measured by stable Micro-System Texture Analyzer (TA-
XT2i texture analyzer Stable Micro Systems, UK). The
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texture analyzer settings were fixed (pre-test speed
2.0 mm/s, test speed 0.5 mm/s, post-test speed 10 mm/s,
distance 4 mm/s, load cell 50 and 200 points.

Sensory Evaluation

The sensory evaluation of biscuits was carried out in the
Department of Food and Nutrition, Punjab Agricultural
University, Ludhiana by a panel of ten semi-trained pan-
ellists. A 9-point Hedonic scale was applied to evaluate the
biscuits for colour, appearance, texture, taste, flavour and
overall acceptability.

Statistical Analysis

All the experiments were conducted thrice. Mean and
standard deviations for the various parameters were com-
puted. Analysis of variance (ANOVA) and student’s t test
were employed to assess the difference in parameters using
Microsoft Excel (2003) Statistical Analysis Tool Pack.
Least Significant Difference (LSD) at 5% was calculated
for the comparison among the parameters.

Results and Discussion

The lipid components recovered from ethanol and n-hex-
ane extraction were 1.7 and 3.73%, respectively. Srivastava
et al. [3] reported that the fat in guar meal contains some
solvent soluble fractions which impart pungency and off-
flavour. The extracted lipid components may have use in
non-food industrial products. The proximate composition
of defatted GMF is given in Table 1. The protein content of
GMF was significantly (p < 0.01) lower than the korma.
The ethanol and n-hexane extraction process resulted in a
loss of protein in GMF by 18.3%. Though there was a

protein loss during extraction process, but it was at the
expense of loss of bitter and off-flavour compounds. The
reduction in protein could be attributed to solubility of
some protein fractions in alcohol during extraction process.
GMF had negligible amounts of fat as compared to korma.
The moisture, crude fibre and ash contents were statisti-
cally similar in korma and GMF. GMF has high protein
(41.51%) low carbohydrates (37.82%) and negligible fat
(0.20%), hence may prove suitable for enrichment of cereal
flours for enhanced protein and lesser calorific value.
Proximate composition of guar meal has not been reported
in literature because it is inedible for humans due to its
unpleasant taste and flavour. The composition of GMF was
closer to the nutritive value of soybean meal which is being
commercially used as a protein source for human con-
sumption in the form of defatted soy flour [12—14].

The saponins in korma and GMF were 0.58 and 0.67%,
respectively. Peisker [15] and Hanssen [16] found 0.5 to
0.6% saponins in soybean meal. Saponins in GMF was
comparable to various commercial soybean flours
(0.43-0.67%) but lesser than soy protein isolate i.e. 0.76%
[17]. Trypsin inhibitor activity of korma and GMF was
39.46 and 36.90 TIU mg/g protein. Trypsin inhibitor
activity was lesser in GMF as compared to soybean flour
(43-84 TIU/mg protein) [18]. A higher activity of trypsin
inhibitor in soybean ranging between 100 and 184 TUI/mg
of protein has been observed [19]. Thacker and Kirkwood
[20] reported that the trypsin inhibitors ranged between
21.1 and 31.1 mg/g of soybean protein. The activity of
these inhibitors in soybean products was decreased by
heating processes. Nidhina and Muthukumar [21] revealed
a negligible amount of tripsin inhibitors in industrial guar
meal as compared to soybean meal. Guar seed may contain
more trypsin inhibitors and it might have been deactivated
during the gum extraction procedure, where it has under-
gone heat treatment up to 100 °C. The results revealed that

Table 1 Nutritional composition of guar meal korma and guar meal flour (GMF)

Parameter

Guar meal korma Guar meal flour

Moisture, g/100 g

Protein, g/100 g

Fat, g/100 g

Crude fibre, g/100 g

Ash, g/100 g

Available carbohydrates, g/100 g

Saponins, g %

Trypsin inhibitor activity, TIU mg/g protein

7.26 + 0.05 8.02 + 0.08NS
50.81 & 0.98 41.51 £ 0.76%
5.27 + 0.24 0.20 £ 0.08:*
6.92 + 0.87 6.95 + 1.13N8
5.52 + 0.57 5.50 + 0.46™S
24.22 + 1.87 37.82 4 1.90%#*
0.58 & 0.08 0.67 £ 0.09%*
39.46 + 1.30 36.9 + 1.07**

Values mean =+ SD of three replications
NS non significant
** Significant at 5%; ***significant at 1%
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the GMF had closer values for saponins and trypsin inhi-
bitors in comparison to soybean meal. Moreover, the GMF
would be used in the product development where heat
treatment is necessary, thus may result in further reduction
in these two anti-nutrients in the final products.

Amino acid composition of Guar meal korma and GMF
is shown in Table 2. They are close to each other in amino
acid makeup. Sulphur amino acids are low but other amino
acids are present in substantial amounts in GMF. The
protein of soybean contains the considerable quantity of
lysine, but value of protein is limited by methionine and
cysteine content [13, 14]. Guar meal proteins had the
amino acid makeup comparable to the reported values of
soymeal proteins, hence GMF can be supplemented in
cereal flours to mutually balance their limiting amino acids.
The mineral content of guar meal korma and GMF has
been shown in Table 3. The results showed that the mineral
content of both the products was almost similar indicating
that there was no loss of minerals during the standardized
extraction process. Though all the minerals were present in
good amounts, however iron (41.33 mg/100 g) and zinc
(6.40 mg/100 g) content was present in appreciable
amounts. Therefore, GMF can be used to supplement the
traditional food products in order to enhance total iron and
zinc content.

The functional properties of GMF have been given in
Table 4. The water absorbing capacity (WAC) and

swelling capacity (SC) of GMF was 3.47 g of water/g and
19.7% respectively which were higher than other legume
flours such as green gram flour [22], soybean flour [23],
and lupin flour [24]. The higher WAC and SC is a critical
function of its protein, thereby makes it suitable for viscous
foods like soups, gravies, doughs and baked products. The
oil holding capacity (OHC) was also higher (1.62 g of oil/
g) than cereal flours but comparable with other legume
flours [22, 23]. The ability of guar proteins to bind with oil
makes it useful in food systems where optimum oil
absorption is desired. This may give some advantage for
bakery products such as biscuits and improve mouth feel
and flavour retention which require a good oil absorbing
capacity [24].

The emulsifying activity (EA) and emulsifying stability
(ES) of GMF was 56.33 and 73.08% while foaming
capacity and activity was 145.4 and 91.4%, respectively.
The values for emulsifying and foaming properties were
higher in comparison to other legume flours due to its
higher protein content [22-25]. The capacity of guar pro-
tein to enhance the formation and stabilization of emul-
sions is important for its applications in food products.
Khalil [26] also reported higher emulsifying activity
(51.78%) and stability (69.54%) of guar protein isolate.

The physical and sensory characteristics of the control
and GMF supplemented biscuits have been given in
Table 5. A significantly (p < 0.05) higher thickness and

Table 2 Amino acid profile of guar meal korma and guar meal flour (GMF) protein

Amino acid Guar meal korma, % Guar meal flour, %
Histidine 3.34 £ 0.06 3.13 £ 0.07*
Serine 4.11 £+ 0.09 3.75 £ 0.08%*
Arginine 10.19 £ 0.45 9.67 £ 0.39*
Glycine 8.11 + 0.34 7.03 £ 0.26%*
Aspartic acid 15.14 £+ 0.64 14.51 + 0.58~8
Glutamic acid 17.5 £ 0.75 20.44 £ 0.62%%*
Threonine 3.26 £ 0.11 2.29 4+ 0.08**
Alanine 4.04 + 0.06 4.42 + 0.07*
Proline 5.03 £ 0.11 6.55 £ 0.19%*
Cysteine 0.57 £ 0.02 0.29 £ 0.04%**
Lysine 4.28 £+ 0.09 422 + 0.12*
Tyrosine 5.13 £ 0.14 4.51 £ 0.08%**
Methionine 1.68 £+ 0.04 1.15 £ 0.05%*
Valine 242 + 0.07 2.7 + 0.03*
Isoleucine 2.2 4 0.02 2.57 + 0.06™°
Leucine 6.84 £+ 0.16 7.05 + 0.12*
Phenylalanine 6.16 £ 0.23 5.72 £ 0.18%*

Values Mean + SD of three replications
NS non significant

* Significant at 10%; **significant at 5%; ***significant at 1%
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Table 3 Mineral content of guar meal korma and guar meal flour (GMF)

Mineral, mg/100 g

Guar meal korma

Guar meal flour

Iron 40.89 + 1.94 4133 + 2.55%
Copper 1.71 + 0.07 1.86 & 0.10%*
Zinc 6.40 & 0.33 6.44 £+ 0.36™
Calcium 31.24 + 0.84 34.55 + 0.51%**
Magnesium 350.56 + 12.49 344.78 + 6.59™°
Sodium 43.42 + 6.58 43.61 + 10.14™
Potassium 1414.24 + 44.53 1476.63 + 35.20N°
Chromium 0.05 & 0.01 0.02 £ .06%**
Manganese 2.12 + 0.05 2.19 + 0.04™8
Cobalt 0.02 + 0.01 0.03 + 0.01NS

Values are mean £ SD of three replications
NS non significant

*Significant at 10%; **significant at 5%; ***significant at 1%

Table 4 Functional properties of guar meal flour (GMF)

Properties

Guar meal flour

Water absorption capacity, g of water/g
Oil holding capacity, g of oil/g
Swelling capacity

Emulsifying activity, %

Emulsifying capacity, %

Foaming activity, %

Foaming stability, %

3.47 £0.12
1.62 £ 0.06
19.7 £ 1.26
56.33 + 3.03
73.08 £ 5.48
1554 £ 14
914 £ 1.0

Values mean + SD of three replications

spread ratio was observed in cardamom flavoured biscuits
supplemented with 20 and 30% of GMF in comparison to
control and 10% GMF supplemented biscuits. In a study,
the height and diameter remained constant up to 15% level
of incorporation of Bengal gram flour in biscuits but the
spread ratio and spread factor decreased with the increase
in Bengal gram flour level [27]. Similarly, an increase in
the level of defatted soya flour incorporation in biscuits
resulted in a linear decrease of diameter and spread ratio
while, thickness of biscuits increased with increase in
concentration [28]. A reduction in spread ratio of biscuits
incorporated with pea flour has also been reported [29].
Reduction of spread ratio of biscuits may be attributed to
better binding strength of guar protein as similar to other
legume flours has also been reported. The hardness of the
biscuits was significantly (p < 0.05) increased with 20 and
30% replacement of refined wheat flour with GMF when
compared to control biscuits.

Though all the products were acceptable but the score
for colour and appearance of biscuits showed no significant
change up to 20% GMF supplementation, however, 30%

GMF supplementation decreased the score significantly
(p < 0.05) for both colour and appearance. There was no
significant change in texture up to 20% supplementation, a
significantly (p < 0.05) lower score for texture was
observed when refined wheat flour was replaced by 30% of
GMF. The taste and flavour score of the biscuits supple-
mented with 20 and 30% of GMF was significantly (p
< 0.05) lower than the control and 10% supplemented
GMF biscuits. The overall acceptability was significantly
(p < 0.05) different in control and GMF supplemented
biscuits. Shakuntala et al. [27] observed that the supple-
mentation of Bengal gram flour at 15-20% level not only
improved protein quality but also improved the dough
texture and sensory parameters in biscuits.

Conclusion
The study concluded that GMF can be recommended as a

balanced cheap source of protein with acceptable func-
tional properties, which may be used as a component in
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Table 5 Physical and sensory characteristics of biscuits enriched with guar meal flour (GMF) at different levels

Characteristics Formulations LSD at 5%
To T T, T3

Physical
Diameter, mm 67.18 £+ 0.45 67.29 £+ 0.22 67.26 £+ 0.09 67.14 £+ 0.18 NS
Thickness, mm 6.72 £ 0.17 6.57 £ 0.23 6.33 £+ 0.09 6.17 £ 0.09 0.3
Spread ratio 10.00 £ 0.20 10.25 £+ 0.39 10.63 £ 0.17 10.89 £+ 0.17 0.5
% Spread factor 100 £+ 0.00 102.45 £+ 5.96 103.75 £ 2.52 102.41 £ 0.20 NS
Hardness, n 20.15 £+ 0.09 20.50 £ 0.13 20.86 £+ 0.08 21.68 + 0.29 0.3

Sensory
Colour 8.2+ 0.75 8.0 £ 0.89 7.5 £ 0.50 6.8 £ 0.60 0.76
Appearance 8.4 + 0.49 8.1 +£0.70 7.8 £ 0.40 7.0 £ 045 0.57
Texture 8.5 + 0.50 8.4 + 0.49 8.1 +0.30 7.6 £ 0.49 0.49
Taste 8.6 +0.49 8.0 + 0.45 7.4 + 0.49 6.6 £+ 0.49 0.52
Flavour 8.2 + 0.40 7.7 £ 0.64 7.3 £ 0.46 6.2 £+ 0.40 0.53
Overall acceptability 8.38 + 0.57 8.04 + 0.70 7.62 £ 0.53 6.84 £+ 0.68 0.29

Ty refined wheat flour: GMF was 100:0; T; refined wheat flour: GMF was 90:10; T, refined wheat flour: GMF was 80:20; T; refined wheat flour:

GMF was 70:30
Values are mean £+ SD
NS non significant

various food formulations. It can be supplemented in var-
ious baked and extruded products as a protein source,
thereby improving their nutritive value. Moreover, the
process of defatted, debittered and off-flavour free guar
flour with high protein content may improve the utility and
use range of guar meal which is otherwise a low value
product mainly used as poultry and cattle feed.
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