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ABSTRACT

Aim: To do nutritional evaluation of cereal-pulse based extruded snacks supplemented with
dehydrated herbs.

Study Design: Experimental.

Place and Duration of Study: sample: department of food and nutrition and department of food
science and technology, Punjab agricultural university, Ludhiana, Punjab, India, between Jan 2015
to Dec, 2017.

Methodology: In the present investigation, a combination of wheat and chickpea (80:20) was used
for formulation of extruded snacks which were supplemented with varying levels of 1-5 percent dried
herbs namely basil (bl), mint (ml), drumstick leaves (dl) and a mixture of all these herbs (mxl) having
one percent of each herb. The acceptable extrudates were analysed for different nutritional
parameters namely: Proximate, vitamins minerals, bioactive components and in vitro nutrient
digestibility.

Results: Organoleptically extrudates were found to be most acceptable at three percent level of
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supplementation for all the herbs. Overall acceptability of various extrudates was in the order of
mxI|>dI>mI>bl. The moisture, ash, crude protein, fibre and fat content of supplemented extruded
snacks ranged from 3.40 to 3.88, 2.32 to 2.90, 11.35 to 12.20, 3.0 to 3.36 and 1.67 t01.75 g/100 g,
respectively. Ascorbic acid and B-carotene content of supplemented extruded snacks ranged from
9.72 to 12.98 mg/100 g and 54.71-98.10 pg/100 g, respectively. Total iron, calcium and zinc
content in supplemented extruded snacks were found to increase in the range of 19-29, 38-77 and
52-63%, respectively in comparison to control. The total phenol and flavonoid content of
supplemented extruded snacks varied from 153.45 to 184.76 mg GAE/100 g and 222.38 to 384.40
mg RE/100 g, respectively. The percent increase in total antioxidant capacity (tac) in supplemented
snacks ranged from 97-124, 93-125, 96-154 and 25-46%, respectively by DPPH, ABTS, FRAP and
RPA respectively as compared to control.

Conclusion: It can be concluded that supplementation of some of the commonly used dehydrated
herbs leaves in the powder form to the cereal-pulse based extruded snacks can help to introduce a
new type of value-added snacks which will not only satisfy consumers short time hunger but also

provide numerous health benefits especially in terms of bioactive components.

Keywords: Extrusion; snacks; herbs; supplementation; bioactive components.

1. INTRODUCTION

Cereals have an important position in the
international nutrition due to their ubiquitous
consumption. Cereal grains are optimal source
of energy, carbohydrates, proteins, fibre and
micronutrients. Among the diverse cereals
consumed all over the world, wheat is extremely
important being extensively grown as a staple
food. It is a grass belonging to family gramineae
and genus (Triticum aestivm |.) which is grown in
each and every part of the world. In the majority
of Indian population, 70 to 80 percent of daily
energy intake is contributed by wheat. Wheat can
be used as flour, semolina and many other
forms, which form the basic ingredients for
bread, bakery products and pastas etc.
Therefore, wheat is the main source of nutrients
to the major part of the world population.

The quality of chickpea protein has been
considered to be better than that of many other
pulses. It has considerable amounts of all the
essential amino acids except for sulphur
containing amino acids, which can be
complemented by adding cereals to daily diet
along with chickpea. Chickpea contains good
amounts of minerals including calcium,
magnesium, phosphorus and potassium and also
a good source of vitamins like riboflavin, niacin,
thiamin, folate and vitamin a precursor i.e. [B-
carotene. Various cooking methods have been
found to reduce anti-nutritional factors present in
chickpea. Due to its several health benefits,
chickpea, when used in combination with other
pulses and cereals, can have beneficial effects
on some of the lifestyle diseases related to
digestive system, cardiovascular, type i
diabetes, and some cancers [1].

Processed foods include convenient foods like
instant mixes, extruded snacks, canned and
dehydrated foods. The extruded products have a
better shelf life and are easily acceptable by all
the age groups as reported by Kowsalya and
Indra [2]. The extruded snacks that are prepared
from cereal grains are usually low in nutrient
density especially in protein content and
essential amino acids which can be increased by
adding pulses having high quality protein.
Extrusion cooking is one of the very popular
techniques in food and feed industries. It involves
high-temperature short time (HTST) cooking with
a number of advantages such as shorter
processing time and energy saving, leading to
the production of cost-effective and oil free
puffed snacks. The extrusion technology has
been used for making a wide range of snacks
from cereal flours, starch granules, tubers and
legumes etc into semi-cooked or completely
cooked acceptable food products like breakfast
cereals, pasta products, flakes, breakfast gruel
and texturised vegetable protein in developing
countries [3].

However, effects of extrusion cooking on the
nutritional quality of products are still uncertain.
Due to the exposure of food to a very high
temperature, some of the heat- labile vitamins
may be lost to varying extents. Nutritional quality
of the foods can be affected in a favourable or
adverse way due to changes in proteins and
amino acid profile, carbohydrates, dietary fibre,
mineral content and some of the bio-active
components. On one side, destruction of anti
nutritional factors, increased soluble dietary fibre,
gelatinisation of starch and reduction of lipid
oxidation are some of the beneficial effects, while
on other side maillard reaction between protein




and sugars during extrusion can result in

reduction of protein quality [4].

Herbs not only enhance the taste and flavour of
foods but their antimicrobial and antifungal
properties also help to increase the shelf life.
Many low cost but valuable medicinal herbs are
easily available and are very useful due to their
neutraceutical properties. However, their use in
culinary is limited only as a flavour enhancer in
freshly cooked foods. Tulsi has been being used
as a common herb in many of the Indian
households for treatment of minor ailments like
from regular fever to some of the most fatal
bacterial and viral infections since ancient times.
It is alternatively known as holy basil (Ocimum
sanctum) and conatins a significant amount of
phytonutrients, essential oils, vitamin A and C
[5].The drumstick leaves have been reported to
prevent and treat protein-energy malnutrition and
other nutrition related diseases [6]. However, its
seeds and flowers also have good nutritional and
therapeutic values. Leaves of drumstick are low
in fat and carbohydrate but are good source of
amino acids mainly sulphur containing amino-
acids such as methionine and cystine [7]. Mint
belongs to the lamiaceae family which has 25-30
species. The most popular species is common
mint or spearmint. Peppermint (Mentha piperita)
has been used as a common remedy for the
treatment of some of common digestive tract
problems like nausea, indigestion, flatulence and
even for hiccups.

As evident from the above discussion, herbs
have been used as an alternative medicine for
prevention and cure of many health problems.
However, very scanty information is available on
their nutritive value and effect of processing on
various sensory and nutritional parameters.
Therefore, supplementation of some of the
commonly used herbs namely basil, drumstick
and mint leaves in the powder form to the cereal-
pulse based extruded snacks will help to
introduce a new type of value added snacks
which will not only satisfy consumers short time
hunger but also provide numerous health
benefits.

2. MATERIALS AND METHOD
2.1 Formulation of Extruded Snacks

The standardized recipe for control samples was
prepared from wheat flour (WF) and Chickpea
flour (CF). The chickpea flour (CF) was added to
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all the extruded snacks at the 20% level.
Dehydrated herbs Basil leaves (Ocimum
tenuiflorum), Mint leaves (Mentha) and

Drumstick leaves (Moringa oleifera) were added
at 1,2,3,4 and 5% level respectively with the
replacement of wheat flour. One combination
was prepared by mixing the powder of all
three herbs in equal proportion. A standardized
amount of salt i.e. 2 g was added in all types of
extrudates. The extruded snacks were made by
using a co- rotating intermeshing twin screw
extruder (Clextral, Firminy, France). Twenty
one types of extruded products were developed
and standardized using the following
combinations.

2.2 Organoleptic Evaluation of Extruded
Snacks

The sensory evaluation of the formulated
products was carried out by a panel of the semi-
trained judges. The judges were served with one
control and four preparations with different levels
of incorporation. The panel was provided 9 point
hedonic scale for attributes like appearance,
colour, texture, aroma, taste and overall
acceptability [8]. Different sample codes were
given to different levels of products and exact
composition of the levels were not revealed to
the panelists to get their exact judgment of the
samples. The mean scores for each product
were then calculated.

2.3 Nutritional Analysis

2.3.1 Proximate analysis

Moisture, crude ash, crude protein, crude fat and
crude fibre content was evaluated on dry matter
basis by [9] Carbohydrate and energy was
calculated on the basis of above parameters.

2.3.2 Vitamins and minerals

Estimation of Ascorbic Acid was done by [9] and
-Carotene by [10]. Elements namely iron, zinc
and calcium were estimated using atomic
absorption spectrophotometer (AAS, Varian
model) [11]. Sample was digested with diacid
mixture (nitric acid: Perchloric acid, 5:1 v/v) and
then analyzed by AAS.

2.3.3 Bioactive components

Extraction of Bioactive components was done
with known quantity of weighed sample was



taken in 100 ml conical flask. Added 15 ml of
80% methanol acidified to pH 2.0 with 6N
Hydrochloric acid by shaking at room
temperature for 30 minutes. Supernatants were
decanted and re-extracted the residue for
complete removal of phenolic and antioxidant
compounds. This procedure was repeated for
two times. The three supernatants were pooled,
centrifuge at 6000 rpm for 15 min and filter
through Whatman No.1 filter paper. The volume
was made up to 50 ml with the solvent. The
sample was transferred to microcentrifuge tubes
and stored at -20°C for total phenolic content
(TPC) and total antioxidant capacity (TAC)
determination. Total phenols were estimated by
[12] and Flavonoid content by [13] method.
Determination of Total antioxidant capacity by
Ferric Reducing Antioxidant Power (FRAP)
assay [14] and modified by [15], Reducing Power
Assay (RPA) [16], ABTS Radical Scavenging
Activity [17] and DPPH (2,2-Diphenyl-1-
picrylhydrazyl) Radical Scavenging Activity [18]
as modified by [15].

2.3.4 Estimation _of In
digestibility

vitro ___nutrient

In vitro iron bioavailability was analysed by using
method of [19] and in vitro protein digestibility
was determined by method given by [20] as
Modified [21]. In vitro digestibility of
carbohydrates was determined by estimating the
quantity of maltose formed by the dinitrisalicylic
acid method [22].

2.4 Statistical Analysis

Data obtained from the mean values and
standard deviation for each sample were
computed using MS Excel. Non parametric test
such as Kruskal-Wallis were used for selecting
the best formulations (extruded snack) through
sensory evaluation. Analysis of variance
(ANOVA) (Tukey’s test) was employed to assess
the significant difference between the treatments
in terms of their nutrient content. The statistical
procedures were performed using SPSS (version
16.0) SPSS Inc (Chicago, USA).

3. RESULTS AND DISCUSSION

3.1 Organoleptic Evaluation of Extruded
Snacks

One control and four types of extruded snacks
supplemented with different level of herbs
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ranging from 1-5% were prepared and subjected
to organoleptic evaluation by a panel of semi-
trained judges using a point hedonic scale.
Whenever the extrudates supplemented with any
herb were prepared, a control was also prepared
every time. The results of the organoleptic
evaluation have been presented in Table 1.

Among extrudates supplemented with mint
leaves (7.88+0.74) the highest score for overall
acceptability was found in case of the ones
supplemented at 3% level of mint leaves. When
various parameters of sensory evaluation of
supplemented extrudates were compared with
those of control sample, it was found that scores
for appearance and texture were slightly lower as
compared to those for control. The values being
7.85+0.69 and 7.85+0.69 for mint extrudates and
8.08+0.76 and 7.92+0.64 for control,
respectively. This might be due to the reason that
incorporation of herbs led to slight decrease in
the fluffiness of extrudates. However, the scores
for other parameters viz. Colour, taste and
flavour were at par or even higher than those for
control ones.

The results of organoleptic evaluation of
extrudates supplemented with basil leaves also
showed a similar trend as in case of mint leaves
i.e. the highest overall acceptability score
(7.8040.71) was found in the ones supplemented
at 3% of basil powder. However, in this case the
scores regarding appearance, colour and texture
were lower as compared to those of control, but
for taste and flavour, the values were higher
when compared to the control. Statistical
analysis revealed a non-significant difference in
appearance, colour and texture while it was
significant (p<0.05) in taste, flavor and overall
acceptability. Pasta containing refined wheat
flour (97%) and tulsi powder (3%) resulted in
better quality having more nutritional elements
and highest overall acceptability [5].

Drumstick leaves have been reported to contain
significant amounts of iron, calcium and other
bioactive compounds when extrudates
incorporated with varying levels of DL were
prepared, the highest overall acceptability was
found to be 7.9310.56 which was slightly less
than those of control (8.01). The scores obtained
for colour and texture were at par with those
obtained for the control. However, the score for
taste was even higher than that of control, the
values being 8.06£0.55 and 7.92+0.86,
respectively. The appearance and flavour
parameters scored less than those for the



control. Cream crackers were developed from
cassava and sweet potato flour incorporated with
drumstick leaves using wheat flour as controls.
Sensory evaluation of the cream crackers
developed show that they have good sensory
properties and since the cassava and sweet
potato flour crackers do not contain gluten, they
can be consumed by those who are gluten
intolerant [23].

A mixture of all the above mentioned three herbs
was prepared by using equal proportion of each
herb. This mixture of herbs was also
incorporated into extrudates at level ranging from
1-5% and compared to the control. In this case
also, the highest overall acceptability was found
at 3% level (8.06+£0.49) and the lowest at 5%
level (6.94+0.91). Scores for all parameters
including appearance, colour, texture and taste
were even higher when compared to control.
However, the score for flavour was lower
(7.89+£0.94) as compared to that for control
(8.08+£1.04). Statistical analysis revealed non
significant difference in appearance and taste in
different levels but it was significant (p<0.05) in
colour, texture and flavor and overall
acceptability. Low calorie ready-to-eat snack
(rice flakes mix) by incorporating edible
dehydrated herbs and found Treatment T4 was
highly acceptable with overall acceptability score
of 8.77 followed by T2 (8.31) and T1 (8.20). In T4
3% of herbs (basil, mint and drumstick leaves,
one percent each) was incorporated [24].

Overall acceptability of various extrudates was in
order of MXL>DL>ML>BL.

3.2 Nutritional Evaluation

Various  nutritional  parameters  including
proximate composition, vitamin and mineral
content, bioactive components and in Vvitro
digestibility of nutrients were analysed in the
extrudates supplemented with levels of various
herbs. For all he herbs the most acceptance was
found to be 3%. The results of the nutritional
evaluation of extrudates are being discussed
here:

3.2.1 Proximate composition

The proximate composition of the most
acceptable extruded snacks has been presented
in the Table 2. The moisture content of the
supplemented extruded snacks ranged from
3.80+0.14 to 3.88+0.12 g/100 g being maximum
in BL followed by MXL, ML and DL. Results
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showed that extruded snacks supplemented with
herbs had more moisture content as compared to
control. The percent increase in moisture content
in supplemented snacks ranged from 8-11% as
compared to control. The extruded snacks
contained moisture within the range of 4-8% [25].
Moisture content of BL was significantly (p<0.05)
higher than ML and control extrudates. The ash
content of food products is an index of mineral
content. The ash content of supplemented
extruded snacks ranged from 2.32+0.02 to
2.90+0.10 ¢/100 g, being maximum in MXL
2.90+0.10 g/100 g, followed by 2.84+0.22,
2.80+0.07 and 2.754+0.12 g/100 g in DL, BL and
ML, respectively. MXL extrudates had
significantly (p<0.05) higher ash content than
other extrudates.

MXL supplemented snacks had highest protein
content and it was minimum in BL supplemented
extruded snacks. The percent increase in crude
protein content in supplemented snacks ranged
from 4-10% compared to control. MXL extrudates
had significantly (p<0.05) higher crude protein
content than other extrudates. Extruded snack
products are predominantly made from cereal
flour or starches and tend to be low in protein
and have low biological value [26]. In extrudates,
the addition of legume flour to cereal-based
formulations has proven to positively impact their
essential amino acid balance [27]. Incorporation
of dehulled legumes (black gram, green gram,
lentil and peas) at the level of 5, 9, and 15% with
corn was done to make extruded snacks. Protein
content of extrudates showed a marginal
increase, found to be maximum for lentil from
8.7% to 10.19%, 10.8% and 11.8% at 5%, 10%
and 15% incorporation levels, respectively. This
increased protein content of extrudates may be
attributed to their inherent higher protein content
of legumes [28].

Crude fibre content of the supplemented
extruded snacks was highest in MXL (3.25+0.09)
and lowest in ML (3.00+£0.12). Herb
supplemented extruded snacks had more fibre
content than control. The percent increase in
fibre content in supplemented snacks ranged
from 8-16% as compared to control.
Supplemented snacks with MXL and ML showed
significantly (p<0.05) higher crude fibre content
as compared to other extrudates. Crude fat
content was lowest in ML and maximum in BL
supplemented extruded snacks. Crude fat was
significantly (p<0.05) lower in control than BL, DL
and MXL supplemented snacks. The percent
increase in fat content in supplemented snacks



ranged from 2-5% compared to control. ML
extrudates had significantly (p<0.05) higher
crude fat content than control and MXL
extrudates. 0.5% fat content in extrudates made
from mixture of soy and sweet potato flour [29].
fat content was found to decrease from 3.45% -
3.02% indicating that extrusion process plays a
role in fat reduction [28].

More carbohydrate content was found in control
as compared to supplemented extruded snacks.
The percent decrease in carbohydrate content in

supplemented snacks ranged from 1-3%
compared to control. ML extrudates had
significantly ~ (p<0.05) higher carbohydrate

content than other extrudates. The carbohydrate
content of soybean extruded snacks was 64
g/100 g [30]. 76.4g/ 100g of carbohydrate
content was reported in chickpea extruded
snacks [31]. The similar trend was observed [29]
in extruded snacks developed from soyabean
and sweet potato flour and found that with
increase in sweet potato content the
carbohydrate values of extruded products
increased. The carbohydrate content of extruded
snacks of sweet potato and soy flour in the ratio
of (1:4) and (4:1) was 52.84 and 73.58 g/100 g
whereas, the protein content was 38.15g and
16.32 g/100 g respectively.

ML supplemented extruded snacks was found to
have highest energy content i.e. 371.75+8.52
kcal/100 g. Control had more energy content
than supplemented extruded snacks.
Carbohydrate content in extruded snacks did not
differ significantly. However, Energy content was
significantly (p<0.05) more in control than
supplemented snacks. The percent decrease in
energy content in supplemented snacks ranged
from 0.7-1% as compared to control. The
nutritive value for the extruded snacks as protein
(3.76%), fibre (6.41%), carbohydrates (79.50%)
and energy (343.03 kj/100 g) was reported in a
study [32]. The energy content of 382 kcal/100 g
in soybean extruded snacks was reported [30].
On the basis of physicochemical & nutritional
properties, cooking time and sensory qualities,
pasta containing refined wheat flour (97%) and
tulsi powder (3%) resulted in better quality having
more nutritional elements and highest overall
acceptability [5].

3.2.2 Vitamins

The data regarding vitamin C and B-carotene
content of the developed extruded snacks along
with that of control has been presented in Table
3. Ascorbic acid content was significantly
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(p<0.05) higher in DL (17.46+£0.12 mg/100 g),
followed by MXL (12.98+0.54 mg/100 g) and ML
(10.12+0.62 mg/100 g). It was significantly
(p<0.05) lower in BL (9.72 mg/100 g) and was
negligible in control. The percent increase in
vitamin C content in supplemented snacks was
found to be more than 100% as compared to
control. DL extrudates had significantly (p<0.05)
higher vitamin C content than MXL, ML and BL
extrudates. Reported vitamin C content in
extruded snacks was 1.03 mg/100 g [32].

The B-carotene content was significantly
(p<0.05) higher in DL (98.10+5.2 pg/100 Q@)
followed by BL, MXL and ML i.e. 86.30+8.20,

77.4049.20 and 74.71+7.2 pg/100 g,
respectively. Content of p-carotene was
significantly (p<0.05) lower in control i.e

32.60+0.96 ug/100 g. The percent increase in 3-
carotene content in supplemented snacks ranged
from 137-200% as compared to control (Fig.1). A
significant higher (p<0.05) content of vitamin C
and B carotene in the supplemented extruded
snacks might be due to their higher content in the
herbs.

3.2.3 Mineral content

As discussed previously, the herbs have been
reported to be a good source of minerals
including iron, calcium and zinc etc. So in the
present study, the effect of supplementation of
herbs on the mineral content of extrudates was
determined.

3.2.3.1 Iron

The data regarding total iron of extruded snacks
have been presented in Table 4. The analyzed
total iron content of extruded was significantly
(p<0.05) higher in ML extrudates and lowest in
control.  Total iron content in supplemented
extruded snacks was found to increase in the
range of 19-29% in comparison to control (Fig.
2). On the basis of intake data and isotope
studies, iron bioavailability has been estimated to
be in the range of 5-12% in vegetarian diet [33].
in vitro availability of iron from different green
leafy vegetables was neither a function of their
total iron content nor ascorbic acid but was
slightly affected by oxalic acid content [34].

3.2.3.2 Calcium

The total calcium of extruded snacks has been
presented in Table 4.

Total calcium content of supplemented
extrudates was found to be in the range of 69.00



+ 0.02-88.50 + 0.05 mg/100 g with significantly
(p<0.05) highest content in DL (88.50+0.05
mg/100 g) and lowest in ML (69.00+£0.02 mg/100
g) supplemented extruded snacks. Percent
increase in calcium content of supplemented
snacks was highest in DL i.e. 77% followed by
MXL, BL and ML ie. 64, 56 and 38%,
respectively (Fig. 2). The nutritive value of the
extruded snacks for Ca was 238.50 mg/100 g
[32]. Total calcium content of DL supplemented
snacks were significantly (p<0.05) higher than
other extrudates.
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Fig. 1. Percent increase in 3-Carotene content
of supplemented snacks

3.2.3.3 Zinc

Zinc is an important element needed in body as it
is involved in normal function of immune system.
The percent increase in zinc content was 63, 54,
52 and 56% in BL, ML. DL and MXL, respectively
(Fig. 2). Zinc content was 1.23 mg/ 100 g in
extruded snacks made from a composite blend of
rice, soybean and sorghum [35]. Total zinc
content of supplemented snhacks were
significantly (p<0.05) higher in BL than MXL and
control.

3.2.4 Bioactive compounds

The content of bioactive compounds (total
phenol, flavonoids) and antioxidant activity
(DPPH, ABTS. FRAP and RPA) has been
presented in Table 5 and percent increase in
supplemented snacks as compared to control
has been depicted in Fig. 3.

Until recently, phenolic compounds were
regarded as non-nutritive compounds and it was
reported that excessive content of polyphenol
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inhibits the bioavailability of iron, protein etc and
blocks digestive enzymes in the gastrointestinal
tract. Later on, the significance of phenolic
compounds was gradually recognized and
several researches have now reported that
phenolics offer many health benefits and are vital
in human nutrition [36]. Studies have also
reported that polyphenols are involved in defense
against ultraviolet radiation or aggression by
pathogens [37]. The total phenol content was
significantly (p<0.05) maximum in BL extrudates
followed by ML, MXL and DL i.e. 178.72+1.20,
153.454+0.21 and 162.65+0.96 mg/100 g. Control
had significantly (p<0.05) less content of phenol
than all supplemented extruded snacks i.e.
124.73+0.23 mg/100 g. The percent increase in
total phenol content in supplemented snacks
ranged from 23-48% compared to control. In the
present study the polyphenol contents in
extrudates was high and this is attributed to the
effect of extrusion. The results were in
accordance with previous works on polyphenols
of raw and extruded common beans and it was
seen that the effect of extrusion on the phenolic
content of beans increased upto 14% in
extrudates compared to raw beans [38].

Significantly (p<0.05) highest content of flavonoid
was found to be in the MXL extrudates (384.40
RE/100g) followed by DL, ML and BL i.e.
322.69+1.2, 309.87+2.60 and 222.38+2.50
RE/100 g, respectively. Control had significantly
(p<0.05) lower content of flavonoid than all
supplemented extruded snacks i.e. 124.73+3.60
mg/100 g. The percent increase in flavonoids
content of supplemented snacks ranged from 78-
207% compared to control.

The antioxidant content of supplemented snacks
(Table 5) was found to be significantly (p<0.05)
higher in ML by DPPH and FRAP and in DL by
ABTS and in MXL by RPA and minimum in BL by
DPPH and ABTS, RPA and in DL by FRAP.
Antioxidant activity in control was significantly
(p<0.05) lower by all methods than
supplemented extruded snacks. The percent
increase in TAC content in supplemented snacks
ranged from 97-124, 93-125, 96-154 and 25-46%
by DPPH, ABTS. FRAP and RPA, respectively
as compared to control. The high antioxidant
content in all extrudates was may be due to the
formation of higher Maillard products during the
high temperature short time processing (HTST)
used in extrusion as reported [39]. The high
antioxidant can also be due to the presence of
high TPC in extruded products since the
percentage DPPH inhibition is directly correlated
with TP.
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Table 1. Sensory evaluation of extruded snacks

Treatments Appearance Colour Texture Taste Flavour Overall acceptability
Mint extrudates
Control WF+CF (20%) 8.08+0.76 7.84+0.69 7.92+0.64 7.69+0.75 7.62+0.87 7.83+0.64
WF+CF (20%)+ML (1%) 7.69+0.95 7.77+0.72 7.54+0.88 7.38+0.96 7.38+0.87 7.55+0.80
WF+CF (20%)+ML (2%) 7.76+0.60 7.77+0.72 7.77+0.72 7.46+0.66 7.61+0.77 7.68+0.59
WF+CF (20%)+ML (3%) 7.85+0.69 7.84+0.69 7.85%0.69 7.74%0.90 7.81+0.96 7.88+0.74
WF+CF (20%)+ML (4%) 7.54+0.78 7.38+0.77 7.31£0.76 6.46+0.66 6.38+0.51 7.02+0.56
WF+CF (20%)+ML (5%) 7.23+0.76 7.07+0.64 7.15+0.81 6.08+0.64 6.23+0.83 6.75+0.49
x*-value NS p<0.05 NS p<0.01 p<0.01 p<0.01
Basil extrudates
Control 7.90+0.81 8.00+0.82 7.90+0.74 7.75+0.98 7.70+0.94 7.85+0.75
WF+CF (20%)+BL (1%) 7.41+£0.52 7.40+0.69 7.60+0.82 7.30+0.68 7.30+0.67 7.40+0.57
WF+CF (20%)+BL (2%) 7.70£0.48 7.70+0.82 7.70+0.82 7.60£0.70 7.60+0.70 7.66+0.62
WF+CF (20%)+BL (3%) 7.81+0.82 7.90+0.74 7.80+0.63 7.80+0.82 7.80+0.82 7.80+0.71
WF+CF (20%)+BL (4%) 7.20£0.79 7.20£0.79 7.50£0.71 7.4010.84 7.30+0.82 7.32+0.73
WF+CF (20%)+BL (5%) 6.90+0.99 7.10+0.88 6.90+0.71 6.50+0.85 6.50+0.85 6.78+0.78
x*-value NS NS NS p<0.05 p<0.05 p<0.05
Drumstick extrudates
Control 8.07+0.76 8.0+0.76 8.0+0.90 7.92+1.38 8.0+0.98 8.01+0.84
WF+CF (20%)+DL (1%) 7.84+0.91 7.85+0.80 7.86+0.78 7.86+0.77 7.61+1.16 7.67+1.16
WF+CF (20%)+DL (2%) 7.87+0.88 7.89+0.86 7.89+0.86 7.92+0.78 7.64+1.02 7.75+0.98
WF+CF (20%)+DL (3%) 7.89+0.56 7.99+0.49 8.00+0.64 8.06+0.55 7.84+0.98 7.93+0.56
WF+CF (20%)+DL (4%) 7.27+0.85 7.43+0.96 7.32+0.85 7.351£0.95 7.10+0.97 7.14+0.95
WF+CF (20%)+DL (5%) 6.85+0.76 6.82+7.76 6.92+0.76 6.71+0.86 6.78+0.94 6.82+0.68
xz-value p<0.05 p<0.05 p<0.05 p<0.01 p<0.01 p<0.01
Mix extrudates (ML+BL+DL)

Control 7.92+1.38 8.07£1.187 7.92+1.38 7.38+0.87 8.08+1.04 7.98+1.22
WF+CF (20%)+MXL (1%) 8.07+1.03 8.16+1.03 8.01+1.03 7.54+0.52 7.38+0.86 7.80+0.94
WF+CF (20%)+ MXL (2%) 7.90+0.87 7.92+1.031 7.99+0.85 7.77+0.83 7.54+0.52 7.52+0.69
WF+CF (20%)+ MXL(3%) 8.23+0.599 8.28+0.493 8.11+0.71 7.95%0.75 7.89+0.94 8.06+0.49
WF+CF (20%)+ MXL (4%) 7.69+0.85 7.54+0.66 7.61+£0.65 7.72+1.25 7.31£0.75 7.49+0.45
WF+CF (20%)+ MXL (5%) 7.15+£0.95 7.15+£1.068 6.92+0.86 6.76+1.09 6.69+0.94 6.94+0.91
x*-value NS p<0.05 p<0.05 10.82"° p<0.05 p<0.05

(WF: Wheat flour; CF: Chickpea flour; ML: Mint leaves, BL: Basil leaves, DL: Drumstick leaves MXL: Mix (Basil +Mint +Drumstick) leaves; Scores (Nine point hedonic scale,
9- Excellent, 8- Extremely good, 7- Very good, 6- Moderately good, 5- Good, 4- Fair, 3-Very fair, 2- Poor, 1- Very poor)
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Table 2. Proximate composition of extruded snacks (per 100 g)*

Treatments Moisture Ash Crude protein Crude fibre Crude fat CHO Energy (Kcal)
C (WF+CF(20%) 3.50°+0.21 2.32°+0.02 11.07°+0.5 2.78°40.05 1.66°0.1 78.75%£10.10 374.22°+12.30
C+BL(3%) 3.88°0.12 2.80°+0.07 11.35°0.2 3.20%°0.01 1.75%£0.1 77.00°£9.32 369.15%+9.56
C+ML(3%) 3.80°°+0.14 2.75°0.12 11.52°40.08 3.00°+0.12 1.76°£0.09 77.66°£12.36 371.75°+8.52
C+DL(3%) 3.82%°+0.19 2.84°+0.22  12.02°+0.05 3.20%+0.05 1.71°2+0.14 77.01°+5.60 371.51°°+9.54
C+MXL(3%) 3.85%+0.29 2.90°+0.10 12.20°+0.9 3.25°+0.09 1.69"°+0.13 76.11°+4.56 368.45°+8.45

Values are expressed as mean + SD
(WF: Wheat flour; CF: Chickpea; C: Control, ML: Mint leaves, BL: Basil leaves, DL: Drumstick leaves MXL: Mix (Basil +Mint +Drumstick) leaves
*Results are on dry weight basis. Values followed with different superscripts are significantly different (p < 0.05) using Tukey'’s test

Minerals

90

Percent increase

BL ML DL MXL

| Extrudates,
® Calcium ®lIron " Zinc

Fig. 2. Percent increase in minerals content of supplemented snacks
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Table 3. Vitamin content of extruded snacks per 100g*

Treatments Vitamin C (mg/100g) B - carotene (ug/100g)
Control :WF+CF(20%) 0.05°+0.01 32.60°+0.96

C+BL(3%) 9.72%+0.21 86.30°+8.2

C+ML(3%) 10.12°+0.62 74.719%47.2

C+DL(3%) 17.46°+0.12 98.10°5.2
C+MXL(3%) 12.98°+0.54 77.40°+9.2

Values are expressed as mean + SD (WF: Wheat flour;
CF: Chickpea flour; C: Control, ML: Mint leaves, BL: Basil leaves,
DL: Drumstick leaves MXL: Mix (Basil +Mint +Drumstick) leaves
Values followed with different superscripts are significantly different (p < 0.05) using Tukey’s test.
*Results are on dry weight basis

3.2.5 In vitro nutrient digestibility

The In vitro nutrient digestibility has been
presented in Table 6.

MXL  supplement extruded snacks had
significantly (p<0.05) higher value for in vitro
protein digestibility, and however, in vitro starch
digestibility was highest in ML extrudates.
Control had significantly (p<0.05) lesser vitro
protein  digestibility (69.12+1.02%). Similar
results were reported [40] for protein digestibility
of 68.2 and 79.9% in sorghum extruded snacks.
Extrusion cooking as the best method in
comparison to other processing methods as it
significantly decrease the antinutrients like
trypsin, chymotrypsin and alpha amylase activity
in extruded snacks made from faba and kidney
beans and thus improving the protein digestibility

[38]. The thermal treatment during the extrusion
might have caused a partial inactivation of the
trypsin inhibitors, which improved the protein
digestibility. In addition, the denaturation of
proteins in the extrusion process can expose
sites that are susceptible to the enzymatic
hydrolysis [40]. In the present study, the in vitro
protein digestibility values of extruded snacks
were high and this may be attributed to the
extrusion process which significantly reduced the
antinutrients and thus increasing digestibility.
Low calorie ready-to-eat snack was developed
(rice flakes mix) by incorporating edible
dehydrated herbs and reported that except
carbohydrate and energy remarkable increase
was observed in the nutrients such as protein,
fat, fiber, calcium and iron in the developed rice
flakes mix compared to control [24].

Bioactive Components
250 -
207
200
%]
§ 148 154
5 150 -
= 124 18 125 123
= 116 108 108
=
2 100 -
S
&
4843 433946
" 5 I I I I 0 I
0 . T I 1
Total Flavonoids DPPH ABTS FRA RPA
phenols
"BL =ML DL = MXL

Fig. 3. Percent increase in bioactive components content of supplemented snacks
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Table 4. Total and soluble mineral content in extruded snacks per 100 g*

Treatments Total iron Soluble iron % Solubility Total Soluble % Solubility Total Soluble % Solubility
(mg/100 g) (mg/100 g) calcium calcium Zinc zinc
Control: 3.76°+0.50 1.25%+0.21 33 49.84°+0.01 19.12°+0.25 38 1.86°+0.02 0.72°+0.20 39
WF+CF(20%)
C+BL(3%) 4.48°+0.12 2.56°+0.23 57 77.94°+0.03 60.23°+0.12 76 2.96°+0.03 1.56°+0.19 53
C+ML(3%) 4.96°+0.26 2.82°+0.12 57 69.00%+0.02 4527%+0.30 69 2.81"%+0.12 1.42°+0.21 50
C+DL(3%) 4.68°+0.70 2.12°+0.09 52 88.50°+0.05 63.56°+0.25 76 2.78%2+0.20 1.23°:0.14 44
C+MXL(3%) 4.86"+0.60 2.15°¢0.31 44 81.78°+0.12 52.95°%0.09 72 2.85°+0.12 1.12°+0.22 39
Values are expressed as mean + SD
(WF: Wheat flour; CF: Chickpea flour; C: Control, ML: Mint leaves, BL: Basil leaves,
DL: Drumstick leaves MXL: Mix (Basil +Mint +Drumstick) leaves;
Values followed with different superscripts are significantly different (p < 0.05) using Tukey’s test.
*Results are on dry weight basis
Table 5. Bioactive components in extruded snacks*
Treatments Total phenols Flavonoids DPPH ABTS FRAP RPA
(mg/100 g) (mg RE/ 100 g) (mg GAE/1009) (mg TE/ 100 g) (mg TE/ 100 g) (mg TE/ 100 g)
Control:WF+CP(20%) 124.73°+0.23 124.95°+3.60 150.61°+5.23 28.07%+1.20 98.89°+1.23 470.25°+1.23
C+BL(3%) 184.76°+0.56 222.37%2.50 296.81%+6.30 54.27°+2.36 199.99°46.78 585.92%+5.48
C+ML(3%) 178.72°+1.20 309.87°+2.60 331.81%+3.03 58.39°+3.56 250.85%+7.48 675.06°+8.32
C+DL(3%) 162.65°£0.96 322.69°+1.20 315.75°5.23 63.097+2.36 194.00°+4.89 655.71°4.47
C+MXL(3%) 153.45%+0.21 384.40°+1.6 327.85°+6.32 58.43°+2.14 220.98°+7.02 687.93°+5.82

Values are expressed as mean + SD
(WF: Wheat flour; CF: Chickpea flour; C: Control, ML: Mint leaves, BL: Basil leaves,

DL: Drumstick leaves MXL: Mix (Basil +Mint +Drumstick) leaves
Values followed with different superscripts are significantly different (p < 0.05) using Tukey'’s test.

*Results are on dry weight basis
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Table 6. In vitro nutrient digestibility of extruded snacks*

Treatments Protein digestibility Carbohydrate Iron digestibility
(%) digestibility (%) (%)
Control:WF+CF(20%)  69.12°+1.02 76.02°+7.23 12.96%+2.31
C+BL(3%) 72.22°40.96 75.03%°+5.20 16.52°+2.00
C+ML(3%) 70.96%2.30 76.12°+4.02 15.92°+1.20
C+DL(3%) 74.56°+2.36 74.30°+6.90 15.90°+1.20
C+MXL(3%) 76.15%4+2.02 73.00°45.23 15.00°+1.96

Values are expressed as mean + SD
(WF: Wheat flour; CF: Chickpea flour; C: Control, ML: Mint leaves, BL: Basil leaves, DL: Drumstick leaves MXL: Mix
(Basil +Mint +Drumstick) leaves
Values followed with different superscripts are significantly different (p < 0.05) using Tukey'’s test.
*Results are on dry weight basis

In the present study, the carbohydrate
digestibility of the snacks were high and this may
be attributed to the effect of extrusion. Extrusion
process favours starch digestibility properties
while maintain availability of other nutrients [41].
Extrusion cooking significantly increased the in
vitro digestibility of barley starch [42]. Whereas,
extrusion treatment significantly increased the in
vitro digestibility of pea starch [38]. This may be
explained in such a way that the increased
shearing action develops heat through
dissipation of mechanical energy and causes
loss of structural integrity and increases enzyme
susceptibility. The study also reported that
extrusion cooking was the best method to abolish
antinutrients in faba and kidney beans.
Furthermore, this thermal treatment was most
effective in improving starch digestibility when
compared with dehulling, soaking and
germination.

The in vitro iron bioavailability of the snacks was
lowest in ML extrudates and highest in BL
extrudates. The iron bioavailability of BL
supplemented extruded snacks was significantly
(p<0.05) higher than all other extrudates, while
control had significantly (p<0.05) lower in vitro
iron bioavailability. Total and soluble iron content
of supplemented snacks were significantly
(p<0.05) higher than control and so iron
bioavailability was also significantly higher
(p<0.05).

4. CONCLUSION

It can be concluded that supplementation of
some of the commonly used dehydrated herbs
leaves in the powder form to the cereal-pulse
based extruded snacks can help to introduce a
new type of value-added snacks which will not
only satisfy consumers short time hunger but

also provide numerous health benefits especially
in terms of bioactive components. Hence, the
results can help food industry focusing on
product development towards the production of
nutritious extruded snacks.
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