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ABSTRACT: Pizza containing 5 and 10% ground flaxseed was prepared and stored in frozen
for 3 months at -18 C along with control. Chemical changes in pizza fat characteristic (acid,
peroxide and TBA values) and sensory properties were mentored through the period of storage.
The results proved that the acid value was 0.6, 1.08 and 0.9 mg KOH/ gm fat for control and
that with 5 and 10% ground flaxseed, respectively at zero time. It increased in all samples with
storage with highest values in the third month but without any significant differences. Peroxide
value followed the same trend as acid value. However, the difference with control was
significant and non significant between 5 and 10% ground flaxseed containing pizza. TBA
number was 0.51, 0.27 and 0.25 mg malonaldehyde/ kg fat for control and both ground flaxseed
treatments. The difference was significant between control and treatments. Thiobarbituric acid
(TBA) value increased significantly with increasing the storage time in all samples comparing
with control. It was 2.2, 0.81 and 0.72 mg malonaldehyde/ kg fat for control and that with 5 and
10% ground flaxseed, respectively. All sensory properties of pizza with ground flaxseed were
reduced with flaxseed level and storage time compared to control. The decrease was marked in
the texture, taste and color. There was no significant difference in overall acceptability between
control and that with 5% ground flaxseed. Therefore, it is possible to prepare pizza up to 5%
ground flaxseed comparable to wheat flour pizza.
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disease is well established. There is also
evidence that the risk of type Il diabetes is
directly associated with consumption of
saturated fats and trans-fats and inversely
associated with polyunsaturated fats from
vegetable sources. Flaxseed is the seed
from the flax plant (Linum usitatissimum L.),

INTRODUCTION

Junk food is defined as “any food, which
is low in essential nutrients and high in
everything else-in particular calories and
sodium. Junk foods contain little or no
proteins, vitamins or minerals but are rich in
salt, sugar, fats and are high in energy

(calories). Highly salted like chips, high in
refined carbohydrates (empty calories) like
candy, soft drinks and that high in saturated
fats like cake and chocolates (Ferrari et al.,
2003). Fast food is a growing component of
the American diet, and the frequency of fast-
food use has increased dramatically since
the early 1970s. The number of fast-food
outlets increased from about 30,000 in 1970
to 140,000 in 1980, and fast-food sales
increased by about 300% (French et al.,
2000). Junk foods like potato chips, burgers,
pizza, fried chicken etc. have high fats
content. The link between saturated fats and
trans-fats and increased risk of heart

which is a member of thee linaceae family.
The plant is not a new crop being native to
West Asia, and cultivated since at least 5000
BC; today it is mainly grown for its oil
(Oomah, 2001 and Berglund, 2002). There
has been renewed interest in the use of
flaxseed in the human diet for improved
nutritional and health benefits. This has
been mainly focused on the high level of
alpha linolenic acid (ALA) and other
bioactive components such as lignans and
soluble dietary fibers in flaxseed (Caragay,
1992). Flax is nature's richest and safest
source of omega-3 fatty acids. Flax contains
18 to 24% omega-3 compared to fish that
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containing 0 to 2%. The omega-3 from flax is
also metabolized more slowly so that a
nutritional imbalance is prevented, and flax
does not contain any undesirable fats such
as cholesterol or trans fatty acids (Stitt,
1988). Whole flaxseed (ground meal,
powder or intact seed) contains 28% dietary
fiber, (7- 10% soluble fiber, 11- 18%
insoluble fiber), 40% fat (73% of it being
polyunsaturated fatty acids), and 21%
protein. Other flaxseed nutrients include
vitamins E and B, sterols, and mineral
nutrients such as calcium, iron, and
potassium. More than 50% of the fat in
flaxseed is an essential fatty acid of omega-
3 fatty acid group (alpha-linolenic acid, ALA),
which makes flaxseed the richest plant
source of omega -3 fatty acid. Flaxseed is
rich in antioxidants, such as lignans in
ground meal and powder (Bloedon and
Szapary, 2004). Flaxseed can be consumed
as a diet supplement in its whole seed,
powder, ground (flaxseed meal) or oil
capsule form. Flaxseed taken as oil capsule
lacks the fiber and lignan components.
Flaxseed also could be an ingredient in
muffin, bread, yogurt and many bakery
products. (Bloedon and Szapary, 2004).

The objective of this work is to study the
storage stability and the sensory properties
of the frozen pizza fortified with ground
flaxseed at different levels to improve its
nutritional qualities.

MATERIALS AND METHODS

Materials:

Flaxseeds (Cultivar Sakha 9, 2010
production) were obtained from Agricultural
Research Center, Oil Crops Department,
Giza, Egypt. Wheat flour (72%) (WF), corn
oil, salt, sugar, instant dry yeast, green
pepper, tomato, mozzarella cheese, black
olive and tomato sauce were obtained from
the local market of Shibin EI-Kom, Minufiya
Governorate.

Methods:
Preparation of ground flaxseed
(GFS)

Flaxseeds were hand-sorted to remove
wrinkled, moldy seeds and foreign materials,
and then heated at 150°C for 15 min in an
electric air draught oven (VEB MLW
Medizinische, Gerate, Berlin, Germany).

The heated seeds were cooled to room
temperature then ground in an electric mill
equipped with stainless steel blades (Braun,
Model1021, Germany), and stored in
polyethylene bags in the refrigerator (4°C *
1) until used.

Preparation of pizza:

Pizza is prepared as home- made
method. The different ingredients used in
the preparation are shown in table ().
Ground flaxseed (GFS) was replaced at the
percentage of 5 and 10 % of the wheat flour
(WF), oil added with yeast and sugar; finally
a little salt and water were incorporated to
holding dough.

The dough was formed, left to ferment for
30 min at room temperature (25 * 2 °C), and
then divided into round equal pieces and
finally stored in freezer for three months at -
18°C. Slices of tomato, mozzarella cheese,
green pepper, tomato sauce and black olive
formed the surface cover. The pizza was
spreaded out, and then baked at 225°C for
30 min in gas oven. Sensory properties of
baked pizza (texture, aroma, taste, color and
overall acceptability) were evaluated after 10
min baking.

Storage stability of pizza:

Fat from pizza samples was extracted
according to (Bligh and Dyer, 1959) for
peroxide, acid and TBA  values
determinations. These parameters were
determined after preparation and through
the 3 months of frozen storage. Acid and
peroxide values of the oil samples were
determined according to AOCS methods
(2005). Lipid oxidation potential was
evaluated by determining the  2-
thiobarbituric  acid-reactive  substances
(TBARs) index according to a modified
version of the method of (Witte et al., 1970).
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Table (1): Ingredients used in pizza preparation.

Pizza samples
Ingredients (gm)
0,
100% WF 95% WF + 5% GFS | 90% WF + 10% GFS
(control)
Wheat flour 1500 1425 1350
ground flaxseed - 75 150
Corn oil 60 60 60
Sugar 24 24 24
Salt 12 12 12
Water (ml) 720 750 770
Instant dry yeast 24 24 24
Tomato slices 50 50 50
Tomato sauce 60 60 60
Black olive 150 150 150
Mozzarella cheese 250 250 250
Green pepper 150 150 150

WF: Wheat flour (72%), GFS: Ground flaxseed

Sensory properties evaluation:

Sensory evaluation of control and
experimental samples of pizza were carried
out by aid of 10 staff members from Food
Science Department, Faculty of Agriculture,
Minufiya University. The evaluated
properties were: texture, aroma, taste, color
and overall acceptability. A hedonic scale of
1 to 7 was used, 1= poor and 7= excellent
according to the methods described by
Gaafar (2005). Panelists evaluated backed
pizza samples without special lighting and at
ambient temperature (25°C). Water was
provided for rinsing purposes.

Statistical analysis methods:

The data of acid, peroxide and TBA
values were statistically analyzed using
analysis of variance (ANOVA) and least

significant difference using SAS (1985).
Significant differences between any two
means were determined at the P < 0.05
level. Factorial design was used to
determine the chemical fats properties and
the sensory attributes of stored pizza.

RESULTS AND DISCUSSION
Effect of frozen storage on the fat
quality parameters of pizza:

Acid value:

Table (2) shows the changes of pizza fat
acid value due to storage for 3 months. At
zero time the value was 1.08, 0.6 and 0.43
mg KOH/ gm fat for control and pizza
containing 5 and 10% GFS, respectively.
There was a significant difference between
pizza with 5% GFS compared to control and
that of 10% GFS. The acid value increased
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gradually with storage and reached to
highest value in the third month. The values
were 3.2, 4.1 and 5.1 mg KOH/ gm fat for
control and the treatment with 5 and 10%
GFS, respectively. The control sample
showed the lowest value of (3.2) compared
to 4.1 and 5.1 for the other treatment,
respectively. From table (2) it could be
concluded that pizza with 5% GFS had the
lowest acid value compared to control and
10% GFS. The acid value increased as the
added GFS increased (10% treatment) due
to the increase in the total fat particularly
unsaturated. However, the increase in the
acid value of the control may be due to the
lack of natural antioxidant in wheat flour.
These results are expected because
flaxseed oil is highly unsaturated, therefore it
is probable but it was at low rates due to the
reduced temperature of storage.

Peroxide value:

At zero time and after one month there
was no significant difference in peroxide
value for both treatment and control it was
between 0.8 to 1.2 meq O,/ kg fat for all
pizza fat samples (Table 3). The peroxide
value increased with storage. The increase
was highest in the third month. But pizza
with 10% GFS was the lowest with value of
4.31 meq O,/ kg fat without significant
difference with that of 5% GFS and the
control which was the highest with significant
difference compared to the other treatments.
From this table the peroxide value of the
pizza fat of 10% GFS was the best due to

the increase of the natural antioxidant
present in the flaxseed added i.e., lignan
specially compared to control.

TBA number:

At zero time and after the first month
there was no significant difference in TBA
values between the pizza that containing 5%
GFS and the pizza containing 10% GFS
(Table 4). However, there was significant
difference between both treatment and the
control sample. At the second month of
storage there was significant difference
between the control sample, pizza
containing 5% GFS and pizza containing
10% GFS. From table 4 it can be noted that
pizza with 10% GFS had the lowest TBA
value due to the presence of the natural
antioxidant in flaxseed. Addition of GFS to
pizza markedly and significantly reduced the
TBA value compared to control throughout
the 3 months of storage. It reduced the fat
fraction oxidation and extended its stability
and hence the shelf life of the product.

Morris (2010) used flaxseed flour in
making cakes at levels of 5, 15, 30 and 45%
as substitute to wheat flour. They
determined the TBA value of 26.78, 21.59,
21.60 and 11.52 respectively. They finally
concluded that 15% was the best. Also they
mentioned that adding flaxseed flour in
bakery products is a useful strategy to
increase the consumption of fiber and
omega-3 in the human diet.

Table (2): Changes in acid value (mg of KOH/ gm of fat) of pizza dough prepared with
different ground flaxseed (GFS) levels during storage at -18°C

Storage period (months)*
LSD
Pizza samples 0 1 2 3
Wheat flour (control) 1.08% | 225" | 3.08" 3.2 0.44
95% Wheat flour + 5% GFS 0.6% 1.2%¢ 2.4% 4.1"% 0.56
90% wheat flour + 10% GFS 0.9"%¢ 2.1%° 3.2 5.1 0.98
LSD 0.43 0.66 0.54 1.14

* Means followed by different capital letters in the same column are significantly different (p < 0.05).

* Means followed by different small letters in the same row are significantly different (p < 0.05).
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Table (3): Changes in the peroxide value (meq O,/ kg fat) of pizza dough prepared with
different ground flaxseed levels during storage for three months at -18°C

Storage period (months)*
Pizza samples
0 1 2 3 LSD
Wheat flour (control) 1.2Md 3.23%¢ 5.45° 7.72" 1.59
95% Wheat flour + 5% GFS 0.8 2.0%¢ 4218 | 533% 0.90
90% wheat flour + 10% GFS 0.95" 2.1%¢ 3.5% 4.3152 0.60
LSD 0.74 1.20 1.24 1.43

* Means followed by different capital letters in the same column are significantly different (p < 0.05).

* Means followed by different small letters in the same row are significantly different (p < 0.05).

Table (4): Changes in thio-barbituric acid values (TBA) (mg malonaldehyde/kg fat) of
pizza dough prepared with different ground flaxseed (GFS) levels during
storage for three months at -18°C

Storage period (months)*
Pizza samples LSD
0 1 2 3
Wheat flour (control) 0.51% 0.72% 1.2% 2.2% 0.36
95% Wheat flour + 5% GFS 0.27%¢ 0.415¢ 0.62%° 0.81°2 0.15
90% wheat flour + 10% GFS 0.25%° 0.28%° 0.4 0.72°2 0.35
LSD 0.22 0.18 0.18 0.54

* Means followed by different capital letters in the same column are significantly different (p < 0.05).
* Means followed by different small letters in the same row are significantly different (p < 0.05).

Effect of frozen storage on the
sensory properties of pizza:

Texture:

Texture of the pizza samples containing
ground flaxseed in their formulation was
significantly affected with the increase in the
level of the GFS and the storage period
(Table 5). There was no significant
difference between both treatments at zero
time the second month. However, there was
significant difference between them and the
control sample. The texture score was 6.05,
5.5 and 5.6 for control and treatments of 5
and 10% GFS respectively. The increase of

added GFS decreased the score of the
texture as in pizza containing 10%GFS had
the lowest score when compared with
control and 5%GFS sample. Hussain, et al.
(2006) got similar results when fortified
cookies with flaxseed flour. Texture of the
cookies containing flaxseed flour in their
formulation was significantly affected with
the increase in the level of the flaxseed flour.
Cookies prepared from 0% flaxseed flour got
highest (8.50) score while lowest score was
obtained in the cookies prepared from 30%
flaxseed flour.
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Table (5): Texture sensory property of pizza prepared with different ground flaxseed
levels during storage for three months at 18 °C.

Storage period (months)*
Pizza samples LSD
0.0 1 2 3
Wheat flour (control) 6.05" 5.25" 5.05""° 4.60" 0.53
95% Wheat flour + 5% GFS 5.50%2 4.75% 4.40°° 4.20%° 0.38
90% wheat flour + 10% GFS 5.60%2 5.00"° 4.455¢ 4.10%¢ 0.35
LSD 0.43 0.44 0.46 0.41

* Means followed by different capital letters in the same column are significantly different (p < 0.05).
*Means followed by different small letters in the same row are significantly different (p<0.05).

Aroma:

Aroma is very important parameter in
judging the quality of pizza products. Aroma
was significantly affected with adding GFS
(Table 6). There was significant difference
between control sample and pizza
containing 10%GFS. Pizza with 10%GFS
got the lowest score of aroma (4.45).
However, control and 5%GFS sample got
close scores (6 and 5.7 respectively). All
samples aroma gradually decreased during
storage period as it is clear in table 6 and
there were significant difference between
zero time, first, second and third month for
all samples. The supplementation of
flaxseed flour up to 15% showed no
deleterious effect on the sensory attributes
of biscuits as reported by (Zaib-Un-Nisa,
2000).

Taste:

Taste is the main criterion that makes the
product to be liked or disliked. At zero time
and the other three months there was
significant difference in the taste between
control sample and pizza containing
10%GFS (Table 7). But pizza containing
5%GFS did not show any significant
difference when compared with control
sample and pizza containing 10%GFS. The
taste in all samples decreased gradually
during storage period and there was
significant difference between all treatments

during storage period as it is clear in (Table
7). From this data it could conclude that
adding flaxseed had an effect on the taste
score of the treatments but both treatments
still acceptable according to the consumers
preference. Hussain et al. (2006) got close
results when fortified cookies with flaxseed
flour. The results indicated that the cookies
prepared from 0% flaxseed flour significantly
got highest score (8.20) for flavor.

Color:

Color is very important parameter in
judging the properly baked pizza. However,
Montesano et al., (2002) reported that when
samples covered with the toppings of pizza
(sauce and cheese), the consumers could
not detect a difference in the crust made
with high gluten flour and high gluten flour
with flaxseed. Scores of the color of pizza
samples have been given in (Table 8). There
was a significant difference between control
sample and pizza containing 10%GFS but
there was no significant difference between
these samples and pizza containing
5%GFS. The color score decreased as the
level of added GFS increased (table 8). Also
it decreased with increased storage time.
The control sample showed the highest color
score all over the 3 months of storage. This
color decrease was expected since we used
the ground flaxseed not flour alls the variety
was brown.
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Overall acceptability:

Pizza containing 5%GFS had close
scores to control sample (Table 9); there
was no significant difference between them
at zero time or other storage months. Pizza
containing 10%GFS had the lowest scores
and showed significant difference when
compared with control sample. Control
sample and pizza containing 5%GFS and
10%GFS showed significant difference
between zero time, first and third months.
From table 9 we may concluded that control
sample was the best come after it pizza

containing 5%GFS. However, pizza
containing 10%GFS was still acceptable for
the consumers. The results of the sensory
evaluation of the biscuits prepared from the
different treatments of the composite flour
are according to the findings of Gambus et
al., 2003; Igbal, 1997; Shearer, 2002; Alpers
and Sawyer-Morse, 1996; Sharma et al.,
1999 and Ullah, 1990. Who reported
increasing the level of flaxseed flour, marti
flour, cow pea flour in the biscuits resulted in
the significant decrease in the sensory
attributes of the cookies.

Table (6): Aroma sensory property of pizza prepared with different ground flaxseed levels
during storage for three months at 18°C.

Storage period (months)*
Pizza samples LSD
0.0 1 2 3
Wheat flour (control) 6.00" 5.45 4.95*° 4.45™ 0.34
95% Wheat flour + 5% GFS 5.70"52 5.30"8° 4.80"%° 4.35" 0.34
90% wheat flour + 10% GFS 5.4552 5.05%° 4.65°° 4.45"° 0.32
LSD 0.42 0.33 0.29 0.30

* Means followed by different capital letters in the same column are significantly different (p < 0.05).

*Means followed by different small letters in the same row are significantly different (p<0.05).

Table (7): Taste sensory property of pizza prepared with different ground flaxseed levels

during storage for three months at 18 °C.

Storage period (months)*
Pizza samples LSD
0.0 1 2 3
Wheat flour (control) 6.00" 5.55"° 5.10"¢ 4.65" 0.24
95% Wheat flour + 5% GFS 5,758 5,250 4,950 4.55"8¢ 0.32
90% wheat flour + 10% GFS 5.50%2 5.05%° 4.80%° 4.35%° 0.38
LSD 0.37 0.35 0.26 0.29

* Means followed by different capital letters in the same column are significantly different (p < 0.05).

*Means followed by different small letters in the same row are significantly different (p<0.05).
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Table (8): Color sensory property of pizza prepared with different ground flaxseed levels
during storage for three months at 18 °C.

Storage period (months)*
Pizza samples LSD
0.0 1 2 3
Wheat flour (control) 6.05" 5.55" 5.15° 4.75™ 0.30
95% Wheat flour + 5% GFS 5.80"%2 5.30%%" 4.95"%° 450" 0.27
90% wheat flour + 10% GFS 5.50° 5.05%° 4.75% 4.35% 0.39
LSD 0.38 0.37 0.27 0.28

* Means followed by different capital letters in the same column are significantly different (p < 0.05).
*Means followed by different small letters in the same row are significantly different (p<0.05).

Table (9): Overall acceptability sensory property of pizza prepared with different ground
flaxseed levels during storage for three months at 18 °C.

Storage period (months)*
Pizza samples LSD
0.0 1 2 3
Wheat flour (control) 6.15"2 5.65"° 5.30"° 4.85"° 0.37
95% Wheat flour + 5% GFS 5.70%82 5.20%° 5.05°°¢ 4.70"° 0.44
90% wheat flour + 10% GFS 5.40%2 5.00%° 4.70%° 4.30%¢ 0.32
LSD 0.45 0.43 0.34 0.29

* Means followed by different capital letters in the same column are significantly different (p < 0.05).
*Means followed by different small letters in the same row are significantly different (p<0.05).
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