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Abstract
Cookies were developed with fenugreek seed extract and fenugreek seed powder (FSP) as an added-value

food ingredient with wheat flour. Fenugreek seed extract were encapsulated using gum arabic. Their physical
and sensory analysis was studied. Results showed significant (p<0.05) difference of physical properties
between control and 1-4% FSP level and 1-2% encapsulated fenugreek seed extract level. Spread ratio was
found highest for those cookies where substitution was made with encapsulated fenugreek seed extract.
Fracture strength was highest for 4% level of FSP, whereas encapsulated fenugreek seed extract levels showed
average value of fracture strength. Sensory analysis report showed highest score for the cookies, where
substitution was made with 1-2% encapsulated fenugreek seed extract, which was close to control, as compared
to 1-4% FSP levels. It can be concluded that these desirable properties of  cookies contained with fenugreek seed
extract suggested that fenugreek seed extract can be used further in the development of quality cookies. Fenugreek
seed extract possessing lot of physiological health benefits like hypoglycemic effect, hypocholestrolemic effect,
possessing antioxidant activity etc. and could have higher preference over the whole seed powder of fenugreek
for development and acceptability of cookies.
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Introduction

Fenugreek (Trigonella foenum-graecum) commonly
known as “methi” is an annual herb of the
Leguminosae family and is grown mainly in Western
Asia and South Eastern Europe. India is the largest
producer and the major producing states are
Rajasthan, Uttar Pradesh, Gujarat, Maharashtra,
Uttrakhand, Madhya Pradesh and Punjab. Both the
fresh and dried leaves as well as the seeds are edible.
These are used as herb, spice and vegetable.
Fenugreek seeds are small having a peculiar odor,
flavor and pleasantly bitter taste and are used as
spice in India, China and Middle East for centuries.
Fenugreek endosperm contains the highest amount

of saponins (4.63 g/100 g) and protein (43.8g/100g)
and the husk has highest polyphenol content [1].
Fenugreek seeds are known to have several
pharmacological effects such as hypoglycemia [2, 3],
hypocholesterolemia [4, 5], gastro-protective [6],
chemopreventive [7], anti-oxidative [8], anti-
inflammatory, antipyretic [9], laxative [10] and
appetite stimulation attributes [11]. Fenugreek has
been found to have protective effect on acute cerebral
ischemia [12]. Also it has beneficial influence on
digestion and also has the ability to modify food
texture [13].

The bitter taste and distinct aroma of fenugreek
seed limit its wider application in the food industry.
As bread found to be the most universal of all bakery
products, its fine texture, and large loaf volume require
formation of an elastic dough structure. That is
possible only due to presence elements possessing
gluten. Gluten is present in hard wheat (12% protein).
Large quantities of bakery products are consumed
daily. However addition of fenugreek seed powder
to wheat flour in different proportions increased the
lysine, minerals, protein and dietary fibre contents
proportionately to the level of substitution. Also the
products, viz., noodles, biscuits, bread and macaroni
prepared from the wheat–fenugreek blends at 10, 15,
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and 20% levels were found organoleptically
acceptable. Fenugreek has been used earlier in bakery
products such as biscuits [14] and extruded products
[15].

Cookies have been suggested as a better for the
carrier of fenugreek because of its relatively sweet
taste, wide consumption, relatively long shelf-life
and good eating quality as compared to other
similar products [16]. Cookies with high sensory
ratings have been produced from blends of millet/
pigeon pea flour [17], green gram, Bengal gram,
black gram and wheat [18], groundnut, cowpea
and wheat [19] and soybean, chickpea or lupine
with wheat [20]. No reports of studies were found
for combinations of Wheat and fenugreek seed
powder (FSP) and fenugreek seed extract. Cookies
can provide a convenient vehicle for delivery of
health-promoting compounds possessed in
fenugreek to consumers. The aim of the present
research work involves the use of fenugreek seed
extract for the development of cookies with several
health benefits and study the effects of fenugreek
extract on cookies in terms of physical and sensory
characteristics.

Materials and Methods

The study was carried out in the Department of
Food Engineering and Technology, Sant Longowal
Institute of Engineering and Technology, Longowal,
Punjab. The extraction of dried and ground fenugreek
seeds for bioactive component was done using
ultrasound assisted extraction (UAE) and microwave
assisted extraction (MAE) techniques. The extracts
were encapsulated and utilized in cookies
preparation.

Procurement of Raw Material
Fenugreek seeds of variety HM-57 were purchased

from Haryana Agricultural University (HAU), Hisar,
Haryana. The seeds were then inspected and cleaned
manually to remove any foreign material, dirt, stones,
grits, weeds etc. Ground fenugreek seeds were
extracted using ultrasound assisted extraction (UAE)
and microwave assisted extraction (MAE)
techniques.

Wheat flour, sugar, shortening and salt were
purchased from local market of Sangrur. Wheat flour
was sieved to get rid of bran and other matter. Sugar
was ground. Wheat flour and sugar, both were sieved
through a 60-mesh screen.

Encapsulation
The encapsulation of the purified extract was done

by method used by Kalogeropoulos et al. [21] with
certain modifications. Gum Arabica was used as an
encapsulating agent.

Cookie Formulation
Cookies were prepared by the formula used by

Singh et al. [22] with a slight modification.

Cookie ingredients
100 g flour (containing varying proportions of

defatted FSP and encapsulated extract), 40 g sugar,
50 g shortening, 1 g sodium chloride, 0.5 g sodium
bicarbonate and sufficient water to make required
consistency of cookie dough.

Fine ground sugar which has been sieved was
firstly creamed with the shortening and rubbed
in. Wheat flour containing different proportions
of FSP and encapsulated extract was mixed
uniformly with sodium chloride and sodium
bicarbonate, sieved and mixed with the above
mixture. Water was then added to make the dough
of desired consistency for cookie preparation.  The
dough was thinly rolled on a sheeting board to
uniform thickness (3.4 mm) and cut using a round
cutter to a diameter of 40 mm. The dough pieces
were baked in greased pans for 15 min in a baking
oven set at temperature of 160ºC for above surface
and 180ºC for lower surface. The baked cookies
were cooled for 20 min and stored in air tight
container till further analyses.

Physical Analysis of Cookie

Spread ratio
Diameter (D) and thickness (T) of the five cookies

from each batch were measured using a vernier
caliper. Spread ratio was calculated as ratio of
diameter to thickness i.e. D/T. Average values of
determinations were reported.

Fracture strength (Snap Test)
The snap test was conducted using a probe 3-point

bending attached to texture analyzer.  The
distance between two beams was 30 mm. While
other similar beam was brought down from above
at a pre-test speed:2.0 mm/s, test speed:0.5 mm/
s, post-test speed:10.0 mm/s, distance:5 mm to
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contact the cookie. The downward movement was
continued till the cookie broke. The peak force was
reported as fracture strength.

Sensory evaluation
The cookies were evaluated by a panel

consist ing of faculty and students of  the
Department of Food Engineering & Technology,
S.L.I.E.T., Longowal, Sangrur (India). The panelists
were naïve to the project. Coded samples of cookies
were served on a white disposable plastic tray and
distilled water was provided for rinsing the mouth.
A nine point hedonic scale with 1 = dislike
extremely, 5 = neither like nor dislike, 9 = like
extremely was used [23]. The members were given
written instructions to score on parameters viz.
appearance (dull to attractive), color (very dark
brown to light brown), initial bite (hard to crisp),
taste (bitter to sweet) and mouthfeel (teeth clogging
to crunchy). The mean of 10 evaluations was
reported.

Statistical Analysis
All the analysis was replicated three times. All the

results were analyzed by using commercial statistical
package (Trial Version, Inc., Chicago USA) for One-
way analysis of variance (ANOVA) with Duncan’s test
which was used to determine the significant differences
between the means at the 5 % level. Differences are
considered statistically significant at p<0.05.

Results and Discussion

The cookies prepared were supplemented with
varying proportions of FSP and the purified and
encapsulated fenugreek seed extract. Control sample
was prepared from wheat flour only.

Spread ratio of cookies
Data on spread ratio and fracture strength of the

cookies as affected by incorporation of defatted FSP
and encapsulated extract were presented on Table 1.

Table1: Spread ratio of cookies

In general, supplementation affected width,
thickness and spread ratio. The width of the cookies
decreased significantly  (p<0.05) with the addition
of FSP as compared to control, while encapsulated
extract of FSP showed non-significant change.  The
thickness of cookies increased with addition of FSP,
while encapsulated extract of FSP didn’t show any
change. The width and thickness of the control (100
% wheat flour) was 5.44 cm and 1.24 cm respectively.
Diameter (width) varied from 5.02 to 5.12 cm and
thickness varied from 1.26 to 1.29 cm due to addition
of FSP. The changes in the thickness and width were
reflected in spread ratio. Spread ratio of the cookies
was found to be reduced with increase in level of
FSP. The spread factor of the control sample was 4.50
cm. A decrease in the value of spread ratio was
observed from 4.35 to 4.14 cm with the increase in
level of supplementation of FSP. This could be due to

competition of water between FSP and wheat flour
for dough consistency. As the composite flours
contain more number of hydrophilic sites available,
which competes for the limited free water in cookie
dough and apparently forms aggregates. As
fenugreek contains high amount of fibre, the fibre
competes for free water present in the dough leading
to increased dough viscosity and thereby limiting
cookie spread. Similar results were reported by Hooda
and Jood [14] when supplemented FSP in varying
proportions with wheat flour for preparation of
cookies. Cookies having higher spread ratios are
considered most desirable [24]. Similarly other
researcher’s also observed that height of
supplemented biscuit increased, whereas width and
spread ratio decreased with the increasing levels of
fenugreek flour [25, 26].  A significant (p<0.05)
increase in the value of spread ratio was observed

Values are means of ten independent samples. Values not sharing a common
superscript in a column are significantly (p<0.05) different.
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with the addition of encapsulated extract of FSP. The
spread ratio of the cookies containing the
encapsulated extract of FSP was found higher than
the control sample. The value of the spread factor
observed was 5.06 for 1% encapsulated extract of
FSP and 5.17 for 2% encapsulated extract of FSP. This
could be due to encapsulation. Gum acacia used for
the encapsulation of fenugreek seed extract have the
property to retain high water content which helps in
high spread ratio during baking.

Effect of supplementation on hardness of the cookies
Inclusion of FSP increased the hardness of the

cookies. A significant (p<0.05)  increase in the value
of hardness was observed upon further addition of
FSP as indicated in the Table 1. The fracture strength
of the control sample was 3725 g. The fracture
strength of the cookies increased progressively from
3825 to 4750 g with increase in supplementation level
of FSP. On the other hand cookies supplemented with
encapsulated extract were found to have lower
hardness values than the cookies supplemented with
FSP. The lower hardness values of cookies
supplemented with encapsulated extract is in
correspondence with the higher spread ratio of the
cookies. Product containing 4% FSP showed the
maximum value for hardness. This could be due to
lower spread ratio of the cookies, indicating that
lower spread ratio leading to higher hardness. The
increase in hardness of the cookies containing FSP
can also be contributed to lower fat content of the
supplemented flour as the FSP used was defatted.

Sensory evaluation of the cookies
The effects of supplementation of cookies with FSP

and encapsulated extract on the sensory
characteristics of the cookies are presented in Table
2. A 9-point hedonic scale was used where 9 indicated
like extremely and 1 indicated dislike extremely. The
data was statistically analyzed by Duncan’s test.
With change in supplementation level, the sensory
factors like color, appearance, taste, mouthfeel and
initial bite showed a significant change. Higher level
of FSP (i.e. 3% and 4% FSP) showed fewer score than
other samples as indicated by sensory panel. The
appearance at higher level i.e. 4% FSP showed
significant (p<0.05)  lower score for the product. This
may be due to high FSP giving darker image to the
product. Replacement of flour with 3% and 4% FSP
significantly (p<0.05)  impaired the taste of the
cookies as indicated in Table 2, a significant decrease
in the value from 7.29 to 5.86 as FSP was increased.
This may be due to the bitter taste of fenugreek seeds
and this bitterness was highest for 4%
supplementation of FSP. Sensory panel gives the
highest score to the cookies supplemented with
encapsulated extract of FSP.

The sensory value for mouth feel decreased
significantly (p<0.05)  with increase in level of
supplementation. The control sample had 7.57 score
which decreased to 5.65 for 4% FSP. This can be due to
the bitter taste of FSP and this bitterness increased with
increase in the supplementation of FSP. The difference
in the scores for initial bite was not considerable
acceptable for 4% supplementation level of FSP.

Table 2: Sensory Data for Cookies

The control sample showed the maximum score
for overall acceptability which was 7.07. The values
decreased sharply with increase in FSP level. The
score values for 1% and 2% FSP were not significantly
different. This score decreased from 6.38 for 1% FSP
to 4.28 for 4% FSP supplementation.  The overall

(p<0.05)

acceptability of the cookies supplemented with 1%
and 2% encapsulated extract of FSP has score values
similar to control sample. Even 2% of encapsulated
extract of FSP had the highest overall acceptability
among all the samples considered for the study.
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Conclusion

Fenugreek seed extract is possessing lot of
physiological health benefits like hypoglycemic
effect, hypocholestrolemic effect, possessing
antioxidant activity, lactation stimulant,
immunomodulator etc. So it can be used as value
added food ingradient, which provides advantageous
health benefits. Cookies prepared using fenugreek
seed extract showed improved physical and sensory
properties. These desirable properties of fenugreek
seed extract suggested that fenugreek seed extract
can be used further in the development of quality
cookies. Future research could investigate strategies
to improve the quality of cookies containing high
levels of FSP as well as fenugreek seed extract.
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