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Abstract Natural antioxidants have gained interest for
their role in preventing lipids oxidation. The goals of this
investigation were to study the antioxidant potential of
carrot (Daucus carota), grape (Vitis vinifera) leaf and
turmeric (Curcuma longa) powder extracts and to evaluate
their addition as natural antioxidants in biscuits. Physical
and chemical properties of biscuit were evaluated during
processing and storage. Electrophoretic properties of biscuit dough were carried out to understand the impact of
different extracts on the processing of biscuits. Biscuits
prepared with 1 % (w/w) grape leaves ethanol (70 %)
extract (GLE), carrot aqueous extract (CE), and tumeric
aqueous extract (TE) were acceptable. Among extracts, TE
was found to retain only 11.2 % activity, wherein GLE had
retained 51.0 % activity after baking, which was comparable to butylated hydroxyanisole and better than tertbutylhydroquinone (TBHQ). TBHQ was found to possess
the highest activity, followed by GLE, TE and CE,
respectively. The ash content of biscuits enriched with TE
and GLE was near to that of the control sample. Addition
of CE, GLE and TBHQ reduced the force required for
breakage. After 15 days of storage, PV was increased in all
samples, but in the case of GLE-enriched sample there was
a sudden increase in PV from 0.034 to 0.374. Supportive
electrophoresis study indicated that there was no change in
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the protein subunits of biscuit dough fro different samples.
It could be concluded that GLE, CE and TE might be used
in biscuit baking as natural antioxidants.
Keywords Natural antioxidants  Baking  Plant extract 
Oxidative stability

Introduction
Antioxidants are an important group of food additives,
because they effectively retard lipid oxidation in food
products, thereby extending the shelf life and maintaining
sensory as well as nutritional qualities [1–3]. The safety of
synthetic antioxidants [butylated hydroxyanisole (BHA),
butylated hydroxyl-toluene (BHT), tert-butylhydroquinone
(TBHQ) and propyl gallate] has been questioned due to
their toxicity, and carcinogenicity. Thus, development and
use of safer antioxidants in human diet from natural sources are of interest. Several studies demonstrated that a
variety of plant species possess bioactive phytochemicals
that may be used as a natural antioxidants [4, 5]. Herbs and
spices extracts have received much attention as a source of
biologically active substances including antioxidants,
antimutagens and anticarcinogens compounds [6]. In
addition, extracts obtained from some fruits and vegetables have been reported to be effective antioxidants [7].
Biscuit is one of the most popular bakery products as it
is ready to eat, has good nutritional quality, affordable cost
and long shelf life [8]. The keeping quality of baked foods
such as biscuits is of great economic importance since this
product contains fats and oils which are exposed to oxidation during long storage. Oxidation products cause rancidity with deterioration of the sensory properties.
Oxidation of fats and oils may be prevented or even
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delayed by antioxidants [9]. Aromatic plants and their
extracts have been widely used in food products such as
meat products, dairy as well as bakery products [10, 11].
Bioactive phytochemicals such as b-carotene, a-tocopherol, phytate, ferulic acid and ascorbic acid have been
used as antioxidants in various bakery products [12, 13].
The spices most commonly used in bakery products are
cinnamon, mint, nutmeg, cloves and sesame seeds [14].
The use of marjoram, spearmint, peppermint and basil as
natural antioxidants in biscuit baking was reported [15].
The antioxidant properties of plant extracts have been
attributed to their phenol contents [16, 17].
Many by-products generated from agro-industry, which
go as waste contains phenolics with potential application as
antioxidants and preventive agents against some diseases.
The grape (Vitis vinifera, family Vitaceae) leaves have
been used to stop bleeding and to treat inflammatory disorder, pain, hepatitis and free radical related disease [18,
19]. The grape leaves contain a wide range of phenolic
compounds including anthocyanins, flavonoids and organic
acids [20]. Dresch et al. [21] analyzed the anthocyanins and
flavonoids in the leaves of grape varieties V. vinifera and
Vitis labrusca by the meaning of LC/MS–MS. The main
anthocyanins isolated from leaves were cyanidin-3-O-glucoside and peonidin-3-O-glucoside. The flavonoids identified were rutin, quercetin-3-O-galactoside, quercetin-3-Oglucoside, and quercetin-3-O-glucuronide.
Carrot (Daucus carota), is one of the most commonly
used vegetable in the world. Phytochemical investigations
have shown the presence of alkaloids, saponins, mannitol,
betulinic acid and b-sitosterol in carrot peels [22, 23].
Carrots are recognized as a good source of b-carotene,
which acts as an antioxidant [24, 25]. Because of the fact
that phenolics, flavonoids, anthraquinones are known to
exhibit antioxidative properties [26], which are also present
in the carrot, it was thought to explore their antioxidant
properties. Shyamala and Jamuna [27] studied the composition and antioxidant potential of carrot pulp waste and
reported that the b-carotene content of carrot pulp waste
was 3.92 mg/100 g, whereas the recommended b-carotene
in a dietary allowance for a typical adult is 4.8 mg.
Curcuma longa (turmeric) is belonging to the family
Zingiberaceae. C. longa rhizome is traditionally used in
many countries to enhance the food quality, flavor and
antioxidant properties [28, 29]. Turmeric is one of the
most investigated medicinal plants. In recent years, turmeric has received much attention worldwide due to its
wide spectrum of pharmacological activities. Curcumin,
desmethoxycurcumin and bisdesmethoxycurcumin are the
major bioactive compounds in turmeric rhizomes and
called as curcuminoids (CMNs). Research studies indicate
that CMNs showed different pharmacological activities
[30]. Park et al. [31] studied the phenolics and flavonoids,
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as well as the radical scavenging activity and anti-obesity
of cold water (CLC), hot water (CLH), and methanolic
(CLM) extracts of turmeric. The results showed that the
phenolics of CLC, CLH and CLM were 3.68, 3.94 and
9.01 %, respectively. The DPPH and ABTS radical
scavenging activities of the CLM were significantly
higher than that of the water extracts. In addition,
aqueous extract of turmeric showed inhibitory activity
against fructose-mediated glycation with antioxidant
ability against low-density lipoprotein (LDL) oxidation
and radical scavenging activity. The turmeric extract had
potent cholesteryl ester transfer protein inhibitory ability
(23 % inhibition). The turmeric extract inhibited the
cellular uptake of oxidized LDL into macrophages, which
is the initial step in atherogenesis [32].
The aim of the present study was to evaluate the extracts
rich in natural antioxidants from carrot (CE), grape leaf
(GLE) and turmeric powder (TE) on the stability of lipids
in biscuits during storage.

Materials and methods
Materials
Commercially available wheat flour was used for baking
biscuits. The flour was obtained from local market in
Zagazig (Egypt). The fat and other food-grade chemicals
such as sodium bicarbonate, ammonium bicarbonate, salt,
skim milk powder and sugar powder used for baking were
obtained from local markets (Zagazig, Egypt). Fresh grape
leaves, turmeric powder and carrot were obtained also from
local market (Zagazig, Egypt). Synthetic antioxidants
(BHA and TBHQ) and a-tocopherol were obtained from
Sigma (St. Louis, MO, USA).
Properties of wheat flour
The moisture content (method 44-15A), ash content
(method 08-01), gluten content (method 38-10), sodium
dodecyl sulfate (SDS) sedimentation values (method
56-70) were estimated according to AACC methods [33].
Farinograph analysis was carried out according to AACC
method 54-21 [33]. Flour (50 g on a 14 % moisture basis)
was weighed into 50 g mixing bowl, and a burette filled
with water at 30 C. The pen was released to touch the
graph paper at the 9 min position. The measure was run for
1 min at the high speed setting until the 0 min line was
reached. The flour was mixed with water based on the
water absorption capacity of flour so that a maximum
consistency of 500 Brabender units (BU) was attained at
the centre of the farinogram band. For the final titration, all
water was added within 25 s and allowed to run for 10 min.
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Water absorption, dough development time, dough stability
and mixing tolerance index were calculated from the
farinogram.
Antioxidant activity of wheat flour, natural and synthetic
antioxidants was determined by the method of Prieto et al.
[34]. The antioxidant activity was determined spectrophotometrically by the phosphomolybdenum method, which is
based on the reduction of Mo(IV)–Mo(V) by the sample
analyte and subsequent formation of green phosphate/
Mo(V) compounds with a maximum absorption at 695 nm.
Antioxidant activity was expressed in terms of micromoles
of a-tocopherol per gram of sample.
Extraction of bioactive compounds
Preparation of carrot extract (CE)
Fresh tuber roots of carrot (500 g) were peeled, washed, cut
into small pieces (2 lm) and homogenized in a blender
with 2.5 volumes of distilled water (1 g carrot/2.5 mL
water). The extraction was carried out at 20 C with constant stirring overnight (10 h). The homogenate was
squeezed through cheese cloth and centrifuged at
12009g for 10 min at 4 C. The supernatant being the CE
(yield 21 %, w/w) was decanted, freeze dried and kept at
4 C until used. The freeze dried extract were used in the
present study.
Preparation of grape leaves extract (GLE)
The leaves were dried in shade, powdered (2 lm) and
extracted by maceration with 70 % ethanol (v/v) for 72 h at
20 C. The extract was filtered then solvent was evaporated
using rotary evaporator (Büchi, Switzerland). The residual
extract was used for the study.
Preparation of turmeric powder extract (TE)
Turmeric powder (200 g) was homogenized in a blender
with 2.5 volumes of distilled water (1 g turmeric powder/
2.5 mL water). The extraction was carried out at 20 C
with constant stirring (RH basic, IKA, Staufen, Germany)
overnight (10 h). The homogenate was centrifuged at
12009g for 10 min at 4 C. The supernatant being the TE
(yield 36 %, w/w) was decanted, freeze dried and kept at
4 C until used. The freeze dried extracts were used in the
study.
Biscuit preparation
Biscuits were prepared according to Sai and Rao [35]
method. Sugar (90 g) and fat (60 g) were whipped for
4 min in a Hobart mixer (N50 5-Quart Mixer, Troy, OH,
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USA). The extracts were blended with the fat and the
emulsion was mixed with sugar. Dough water containing
sodium and ammonium bicarbonate (1.5 and 3 g) as well as
sodium chloride (3 g) was added to the above cream and
whipped for 5 min to obtain homogenous dough. Wheat
flour (300 g, 1 lm) sieved twice with baking powder
(0.9 g) and mixed for 3 min. The dough was sheeted to a
thickness of 3.5 mm, cut into circular shapes using 45 mm
cutter, placed on an aluminium tray, and baked at 160 C
for 10 min then allowed to cool. The biscuit samples were
stored in air-tight dark containers at ambient temperature
(20 ± 2 C).
Biscuits were prepared to provide five treatments and a
control. Control treatment was prepared without extract
or antioxidant additions. Other treatments were prepared
by adding 200 ppm synthetic antioxidant (BHA and
TBHQ) and extracts under study (GLE, CE and TE) at
1 % (w/w) level. Preliminary results indicated that the
threshold level of GLE, CE and TE extracts in biscuits
was 1 %.
Chemical and physical properties of biscuits
The characteristics of biscuits including moisture and ash
were determined according to Sai and Rao [35]. Biscuits
enriched with extracts or antioxidants were analyzed for
physical parameters including weight, width, thickness,
ratio of width to thickness (W/T) and spread factor
according to Adebowale et al. [8]. Six biscuits were analyzed for the above parameters and an average of six values
was calculated.
Sensory analysis of biscuits
Sensory analysis of biscuits prepared with different extracts
and antioxidants was conducted including various sensory
parameters such as color, surface characteristics, crumb
color, texture, taste and mouth feel. For this test, ten panel
members were involved and the mean of ten values was
taken.
Texture of biscuits
The breaking strength of biscuits was measured by the
triple beam snap (three-point break) technique using an
Instron texture analyzer (Model TAHDi, Stable Microsystems, Godalming, UK) according to Bajaj et al. [15]. The
biscuit sample was rested on two supporting beams spread
at a distance of 3 cm. Another beam connected to a moving
part was brought down to break the biscuits at a crosshead
speed at 10 mm min-1 and load cell of 10 kg. Care was
taken to see that the point of contact was equivalent from
both the supporting beams. The peak force (N) at break,
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representing breaking strength, was recorded and average
values (n = 3) were calculated.
Antioxidant activity
Antioxidant activity of wheat flour, biscuit dough and
biscuits was determined following the method of Prieto
et al. [34]. Ground biscuit dough or biscuit sample (5 g)
was treated with n-hexane (15 mL) in a mechanical shaker
(MaxQTM 2000) for 1 h at room temperature and filtered.
The residue was again treated with the same solvent
(10 mL) in a mechanical shaker for 30 min and filtered.
The filtrate was concentrated to the required volume by
evaporating in a water bath and used for further studies. For
BHA, TBHQ, and extracts, methanol was used as solvent.
An aliquot of filtrate (0.3 mL) was treated with 3 mL
phosphomolybdenum reagent (0.6 mol L-1 sulfuric acid,
28 mmol L-1 sodium phosphate and 4 mmol L-1 ammonium molybdate). The tubes were capped and incubated at
95 C for 90 min. After the samples were cooled to room
temperature, the absorbance of the solution was measured
at 695 nm against a blank. A typical blank solution contained 3 mL of reagent solution and the appropriate volume
of the same solvent used for the sample and it was incubated under the same conditions as the rest of the samples.
Peroxide value (PV)
PV of biscuits was determined according to AOAC method
[36]. The ground sample of biscuit (10 g) was treated with
chloroform (50 mL) in a mechanical shaker for 30 min at
room temperature. To an aliquot of 10 mL of the extract,
15 mL glacial acetic acid and 0.5 mL saturated potassium
iodide solution were added. Samples were kept in the dark
for 10–15 min and 1 mL of 1 % starch indicator was added
and titrated against 0.1 mol L-1 sodium thiosulfate. The
result was expressed as meq of O2 kg-1 of fat.
Protein fractions of biscuit dough
Sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) of biscuit dough sample was carried out
as described by Prabhasankar and Rao [37] using a vertical
electrophoresis system. The biscuit dough samples were
de-fatted using n-hexane overnight and freeze-dried. To the
sample (10 mg), 300 lL of buffer solution (0.5 mol L-1
Tris-HCl containing 25 % glycerin, 0.1 % bromophenol
blue, 14.4 mg of 2-mercaptoethanol) was added and vortexed thoroughly, boiled for 5 min, cooled and centrifuged
at 5000 rpm. Samples (75 lL) was carried out on 12 %
polyacrylamide gel under constant voltage (50 V) overnight (10 h) until the tracking bromophenol blue dye
reached the end of the gel. The protein bands in gel after
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electrophoresis were fixed for 15 min in a solution of
methanol–acetic acid–water (4.5:4.5:1.0, v/v/v). The gel
was stained using Coomassie brilliant blue (0.05 %, w/v) in
acetic acid–methanol–water (10:25:65, v/v/v) overnight
and destained repeatedly in the same solution without the
dye.
Statistical analysis
All experimental procedures were performed in triplets and
the mean values (±SD) were determined. Student t tests
were performed to evaluate the statistical significance of
the results. The P levels at 0.05 and below were considered
significant.

Results and discussion
Properties of wheat flour and extracts
The wheat flour used for biscuit preparation was analyzed
for proximate composition. The moisture, ash, SDS sedimentation value, wet gluten and dry gluten content of the
flour were found to be 11.5 %, 0.61 %, 38 mL, 30.2 % and
9.27 %, respectively. Farinograph traits of flour showed
dough development time, stability of dough, water
absorption of flour (on 14 % of moisture basis) and mixing
tolerance index to be 2.5 min, 5 min, 56.8 mL and
120 BU, respectively. These results indicated that the
quality of flour was medium hard and suitable for biscuit
preparation [35, 38].
The antioxidant activity of wheat flour, extracts and
synthetic antioxidants indicated that wheat flour had the
lowest antioxidant activity of 0.07121 meq a-tocopherol
g-1.The activities of different antioxidant sources differ in
their values (Table 1). Among the antioxidants, TBHQ was
found to possess the highest activity (p \ 0.05), followed
by GLE, TE and CE, respectively. The variation in
antioxidant activity could be due to the nature and/or the

Table 1 Antioxidant activities of flour, extracts and synthetic
antioxidants (lmol g-1)
Sample

Antioxidant activity (lmol g-1)

Flour

0.070 ± 0.0008

CE

228.7 ± 0.47

TE

726.0 ± 0.52

GLE

1115 ± 0.32

BHA

371.0 ± 0.64

TBHQ

1185 ± 0.53

Values are mean ± SD of six replicates
*

p \ 0.001
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amount of active compounds present in the different
sources used in this study.
Chemical and physical properties of biscuits
The results indicated that extracts-enriched biscuits have
less moisture content than control (Table 2). This may be
due to the high water binding with other ingredients of
biscuit formulation in the case of antioxidant-enriched
biscuits. GLE-enriched biscuits have the least moisture
content (p \ 0.05). However, TE-enriched biscuits possessed moisture content close to control, but biscuits with
BHA and TBHQ were found to retain more moisture when
compared to natural antioxidants. This indicates that synthetic antioxidants interacted differently with water compared to natural antioxidants. Another important parameter
is the ash content of biscuits. The present study indicates
that the ash content of biscuits with TE and GLE was close
to that of the control whereas the ash content of BHA and
TBHQ treatments was higher than that of the control [39].
Biscuits with different antioxidants and extracts were
evaluated for weight/biscuit, width, thickness, width/
thickness (W/T) ratio and spread factor. The results are
shown in Table 3. The weight of control sample was the
highest (9.74 g), wherein CE-biscuit was heavier compared
to other biscuits with natural antioxidants. Weights of CE
and TE enriched samples were comparable to TBHQ
sample. The width of the CE-biscuit was much less
(56 mm). Width of TE sample was comparable to control
wherein the width of CLE and CE samples were comparable to BHA and TBHQ samples. The thickness of BHA
biscuits was found to be similar to control. However, the
thickness of CE sample was greater than control. The
thickness of TE and CLE samples was comparable to
TBHQ-treated sample, but less than the control due to
shrinkage. It was observed that the addition of TE, GLE,
BHA or TBHQ to biscuits increased the W/T ratio due to
the reduction of thickness of the biscuits. Spread factor of
control biscuits was considered 100 %. Sample with CE

Table 2 Effects of extracts and synthetic antioxidants on the moisture and ash content (as weight% basis) of biscuits
Sample

Moisture

Control

4.18 ± 0.08

Ash
1.26 ± 0.01
n.s.

1.20 ± 0.01**

CE

4.10 ± 0.19

TE

4.14 ± 0.01n.s.

1.28 ± 0.01*

GLE

3.99 ± 0.09*

1.28 ± 0.01*

BHA

4.44 ± 0.11**

1.32 ± 0.02**

TBHQ

4.72 ± 0.12**

1.32 ± 0.01**

ns Not significant
*p \ 0.01, **p \ 0.001
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extract had a spread factor less than 100 due to low W/T
ratio, whereas spread factor of samples with TE, GLE and
TBHQ was more than 100. BHA-treated sample was
comparable to control in this respect.
The present study indicates that the physical parameters of
biscuits were influenced by the added antioxidants and
extracts. This could be due to the interaction of antioxidants
with various ingredients during biscuit processing. These
results corroborated earlier reports on bakery products. In
particular, use of BHA in bakery products does not alter the
physical traits of biscuits [1]. The present study also indicates
that the effect of extracts on the biscuit parameters measured
in this study is more pronounced than that of synthetic ones.
This may be due to interaction of components other than
antioxidants (present in the extracts) with other ingredients
of biscuit formulation during processing of biscuits.
Sensory quality of biscuits
The biscuits were subjected to sensory analysis by ten
trained panels. Evaluation was conducted on two occasions
after baking and after 2 months of storage. The biscuits
prepared with CE and GLE were well accepted in terms of
color, crumb color, texture and mouth feel and were
comparable to control as well as BHA and TBHQ enriched
samples (Table 4). The biscuits were subjected to sensory
evaluation after 2 months and no significant difference was
found in the tested parameters. The study indicated that
addition of extracts does not affect the sensory parameters
of biscuits. Addition of synthetic antioxidants, however,
improves the acceptability of biscuit samples.
Hardness of biscuits
The hardness based on breaking strength of biscuits is
shown in Table 5. The force required to break the control
biscuit was around 1654 g. It was observed that addition of
BHA to biscuits did not affect the textural quality significantly. Addition of TE to biscuits slightly reduced the force
required to break the biscuits. Addition of CE, GLE and
TBHQ, reduced the force required for breakage, indicating
that biscuits had become fragile compared to control
probably due to interaction of antioxidants with flour
components and the ingredients used in preparation. The
texture analysis results match the score for texture during
sensory analysis (Table 5). Changes in texture of biscuits
during storage of biscuits for 2 months showed that there
was not significant change in the breaking strength of
control and biscuits prepared with BHA. These results are
in agreement with those of Bajaj et al. [15] where biscuits
were incorporated with mint extracts and compared with
BHA for their textural attributes. The breaking strength of
biscuits with TE is comparable with BHA, indicating that
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Table 3 Effect of incorporation
of extracts and synthetic
antioxidants on the physical
parameters of biscuits

Biscuit sample

Weight/biscuit

Width (mm)

581

Thickness (mm)

W/T ratio

Spread factor

Control

9.74 ± 0.13

57.66 ± 0.13

6.16 ± 0.13

9.36 ± 0.14

100.0 ± 0.48

CE

8.52 ± 0.11

56.00 ± 0.15

6.33 ± 0.13

8.97 ± 0.11

95.83 ± 0.45

TE

7.42 ± 0.09

57.83 ± 0.13

5.83 ± 0.17

9.92 ± 0.12

105.9 ± 0.49

GLE

7.58 ± 0.11

58.00 ± 0.14

6.00 ± 0.12

9.66 ± 0.12

103.2 ± 0.51

BHA

8.15 ± 0.12

58.66 ± 0.15

6.16 ± 0.14

9.52 ± 0.13

101.7 ± 0.48

TBHQ

7.52 ± 0.12

58.16 ± 0.16

5.83 ± 0.18

9.97 ± 0.12

106.5 ± 0.44

Table 4 Effect of various extracts and synthetic antioxidants on the sensory characteristics of biscuits
Biscuits

Color (10)

Surface character (10)

Crumb color (10)

Texture (20)

Taste (20)

Mouth feel (10)

Total score (80)

Control

8.0 ± 0.17

8.5 ± 0.13

8.2 ± 0.10

16.0 ± 0.15

16.9 ± 0.09

8.1 ± 0.10

65.7 ± 0.25

CE

8.0 ± 0.12

8.3 ± 0.12

6.7 ± 0.12

12.7 ± 0.13

17.0 ± 0.07

7.7 ± 0.12

60.3 ± 0.28

TE

7.6 ± 0.09

8.0 ± 0.12

7.9 ± 0.10

15.4 ± 0.13

16.0 ± 0.10

7.8 ± 0.10

62.6 ± 0.38

GLE

8.3 ± 0.12

6.9 ± 0.14

7.5 ± 0.13

17.1 ± 0.12

17.3 ± 0.08

7.6 ± 0.10

64.6 ± 0.29

BHA
TBHQ

7.6 ± 0.13
7.8 ± 0.12

8.0 ± 0.12
7.8 ± 0.12

7.7 ± 0.10
7.4 ± 0.11

17.0 ± 0.13
15.5 ± 0.10

17.6 ± 0.23
16.9 ± 0.10

8.2 ± 0.12
7.8 ± 0.09

66.0 ± 0.31
63.2 ± 0.32

Table 5 Changes in the textural quality (g) of biscuits during storage
as affected by added extracts and synthetic antioxidants
Biscuit sample

Texture
(0 month)

Texture
(2 months)

Control

1654 ± 6.15

1536 ± 9.89

CE

1220 ± 9.17

1178 ± 7.28

TE

1525 ± 8.22

1414 ± 7.78

GLE

964 ± 7.56

888 ± 5.87

BHA

1664 ± 9.12

1579 ± 9.35

TBHQ

1029 ± 6.38

952 ± 8.23

biscuits containing TE did not show significant changes in
the texture properties during the storage period. CE-enriched biscuits required slightly less force to break, but
TBHQ-enriched biscuits were more fragile and affected the
texture.
The results indicate that texture of biscuits was affected
by incorporation of different antioxidants and extracts,
except for BHA. This might be due to interaction of these
antioxidants or extracts with the gluten network. Similar
observations were reported by Bajaj et al. [15]. The effect
of incorporation on the quality characteristics (texture and
color) and acceptability of biscuits was also studied during
the storage period by Bajaj et al. [15].
Effect of antioxidant or extracts on the oxidative
stability of lipids in biscuit
PV was estimated in all samples to determine the extent of
peroxide formation (meq of O2 kg-1 of fat) due to

Fig. 1 Changes in PV of lipids in biscuits enriched with antioxidants
or extracts during two months of storage

oxidation of lipids during 2 months storage as shown in
Fig. 1. The PV values of all samples in general increases
during storage. After 15 days of storage, PV was increased
in all samples, but in the case of GLE-sample there was a
rapid increase in PV from 0.034 to 0.3747. Thus, even
though GLE-extract showed high antioxidant activity, it
was not effective in preventing oxidation of lipids. Similarly, in TE-sample there was a greatest increase in PV,
from 0.0432 to 0.2739. CE-enriched sample was found to
be effective as BHA in preventing oxidation. After
2 months of storage, control sample showed the highest
PV. Addition of antioxidants significantly reduced the
oxidation of lipids. BHA was found to be more effective in
preventing oxidation of lipids during storage. TE and CE
samples were also found to be efficient in preventing
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Fig. 2 SDS-PAGE pattern of biscuit dough with different added
antioxidants or extracts Lanes: 1 control dough, 2 CE-dough, 3 TEdough, 4 GLE-dough, 5 BHA dough, 6 TBHQ dough, 7 wheat flour

oxidation and did not show much increase in PV. Addition
of mint reduced PV in biscuits stored for 5 months [40].
Effect of antioxidants and extracts on protein
fractions of wheat flour
Defatted and freeze-dried dough samples were subjected to
gel electrophoresis with the objective of examining whether there is any effect of antioxidants or extracts on the
protein fractions of wheat flour (Fig. 2). It was observed
that there is no change in the wheat protein subunits and
intensities of proteins from different samples, indicating
that the antioxidants had no effect on wheat protein fractions or subunits.

Conclusion
The addition of extracts under study gave an excellent
antioxidant effect on the biscuits compared with the effect
of synthetic antioxidants. The high efficiency of the
extracts could be due to the stability of these compounds
during baking. Results of sensor evaluation reveal that the
selected extracts might be used in place of synthetic
antioxidants, since these extracts had no effect on the
organoleptic properties of the biscuit. Extracts of carrot,
grape leave extracts and turmeric powder could be used as
natural antioxidants replacing BHA in the biscuit
manufacturing.
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