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Abstract

This study was carried out to evaluate the effect three types of
fruits puree (apple, banana, and cantaloupe) used as fat replacers at
three ratios to fat (50:50, 75:25 and 100:0) w/w and high fat
biscuit control (100% fat) to compare in baking biscuits on the
chemical composition, physical and functional properties, and
sensory evaluation of the biscuits. The results revealed that there
was no significant difference between all samples in moisture as
compared to the control sample. The highest content of moisture
in samples 100% fat replacement was 2.59%. The fiber, ash and
carbohydrate content of the biscuits increased significantly as the
replacement level increased. In contrast, the replacement resulted
in a sharp significant decrease in fat content. The results increased
significantly at (p<0.05) among samples in weight and thickness
of biscuits but the width, volume and specific volume decreased.
The highest value of weight and thickness was in samples of
100% fat replacement ( 20.0%, 20.01% and 16.33%) in formulas
(2,3,4) respectively, and the lowest was found in 50% fat
replacement (16.0%, 13.67% and 12.52%). PH of all samples was
not significantly different as compared to the control sample. The
water absorption capacity of samples 100% fat replacers had
higher than the 50% fat replacers. The appearance, flavor, taste,
texture and overall acceptance, of all biscuits replaced with fruits
puree exhibited no significant difference as compared to their
control and was highly acceptable except appearance and texture
in 100% fat replacers of apple were significant differences at

(p<0.05).

Key Words: Fruits puree, Fat replacers, Physio-chemical
and functional properties.
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Introduction

Fat has an important role in both taste and texture of baked
products (Pooja et al., 2018). Many snack foods rely on dietary
fat to fulfill these palatable qualities in order to maintain consumer
acceptance and consumption (Kathryn et al., 2018). Several
studies have documented that excessive consumption of foods
high in fat leads to health problems including obesity (WHO,
2007) which is associated with increased risk of cardiovascular
disease (Whitlock et al., 2000), type 2 diabetes mellitus
(Abdullah et al., 2010), and some cancers (Renehan et al., 2008).
The health-conscious public, demands high quality and low-
calorie products those are low in fat and sugar. However, altering
amounts of ingredients to reduce caloric content may compromise
texture, mouth feel, flavor and appearance (Jongbin et al., 2010).

Nowadays, consumers are more aware of the adverse effects
caused by high fat consumption and consequently, people have
approached a diet based on low fat content (Akin and Kirmaci,
2015). Also, consumers are turning their attention increasingly
more on functional foods. These products, due to the bioactive
functional compounds provide benefits on human health, besides
the basic nutritional role (Coelho and Salas-Mellado, 2014). To
decrease the increasing weight and improve overall health, many
researchers have focused on reducing the fat content in food
products by replacing the fat with fruits or vegetables based
ingredients (Hayek and Ibrahim, 2013). Replacing dietary fat
with fruits and vegetables based ingredients will not only reduce
the fat intake, but also provide with nutritional benefits to the
product and contribute to increase the consumptions of fruits and
vegetables (Pieterse, 2003).

Fat or oil in recipes can be replaced with other food
ingredients which include vegetables or fruits purees. These
ingredients partially combine with flour to form the structure. In
the field of sweet bakery products, studies have been carried out to
replace part of the fat with fibers, like; peach fiber, corn bran fiber
(Jung et al., 2005), potato pulp and pea flour (Kaack and
Pedersen, 2005). Dietary fiber is naturally present in fruits,
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vegetables, cereals, and nuts. A fiber-rich diet is lower in energy
density, often has a lower fat content, is larger in volume and is
richer in micronutrients (Sanaa, 2015).

Fat replacers were classified into two groups. In the first group
are fat mimetics belonging to carbohydrates, proteins, fats or a
combination of these three. Carbohydrate—based fat replacers are
plant polysaccharides (Chugh et al., 2015). Fruit based fat
replacer is also a type of the carbohydrate—based fat replacers.
Starch, pectin and cellulose individually and some types of fruit
have the ability for being a good fat replacer. Carbohydrate—based
fat replacers increased the moisture content of fat reduced product
(Kalinga, 2010). The second group includes fat extenders whose
task is to optimize the functional properties of fat (Gomez, 2008).

A fat replacer is an ingredient that can be used to provide some
or all of the functions of fat yielding fewer calories than fat. It is
worth to mention that the term of fat replacer implies that a
substance has certain desirable physical or organoleptic attributes
of fats which it replaces without any of the undesirable properties
of fats (Omayma and Youssef 2007). These fat replacers can
provide up to 4 kcal/g, but, because they are often mixed with
water, they typically provide only 1 to 2 kcal/g, and, some (such
as cellulose) provide zero calories (ADA Reports, 2005).

As baked goods are known to have high percentage of fat,
replacement of it with fruits or vegetables contribute to healthier
alternatives (Pooja et al., 2018).

Biscuits have been one of the oldest baked goods and consumed
extensively all over the world by all age groups. The biscuits
formulation can be modified easily to meet the nutritional
demands of the target consumers (Chandra et al., 2015). Also,
biscuits are dried to low moisture content, and this can ensure
their long shelf life storage, and especially free from microbial
spoilage (Nguyen and Nguyen, 2018). Mechanical properties of
biscuits are largely dependent on the fat component of the
formulation. Fat interacts with other ingredients to lubricate and
coat the flour granules to prevent water absorption, and the
development of starch and gluten in order to achieve a fine crumb
crumbly texture) and soft, tender mouth feel and flavor and shelf
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life which is achieved through delaying water absorption by starch
granules (Kathryn et al., 2018).

In some recipes for baked goods, apple sauce can be used as a
substitute for fat or eggs to make them low-fat or vegan (Wilton,
2014). Apple sauce is a sauce made of apples. It can be made with
peeled or unpeeled apples and may be spiced or sweetened. Apple
sauce is inexpensive (Erin, 2019). Banana is called Musa spp.,
and is among the leading fruit crops in the economic value in the
world. It is ranked the fifth in the world trade (Guylene et al.,
2008). Cantaloupe (Cucumismelo L.) is an important plant from
the Cucurbitaceae family. Cantaloupe is one of the most
consumed fruit crops worldwide due to its pleasant flavour and
nutritional value. Cantaloupes are a diverse group of fresh dessert
fruits that includes the orange flesh cantaloupes, green flesh

honeydew, and mixed melons (Hanan, 2016).
The aim of the present study is to investigate the effect three types
of fruits puree (apple, banana, and cantaloupe) used as fat
replacers at different ratios (0%, 50%, 75% and 100%) in baking
biscuits on the chemical composition, physical, functional
properties, and sensory evaluation of the biscuits.

Materials and Methods

Materials

Wheat flour (72%), eggs, baking powder, vanillin, oil, sugar
powder, and fresh apples, bananas and cantaloupe were purchased
from local markets, Assiut, Egypt.

Methods

Preparation of fruits puree

Preparation of apple puree

Apple puree was prepared according to the method of Kulkarni
and Joshi (2013) with some modifications. Apples were be
washed, and cut into slices then addition of citric acid solution
0.5% (w/v) for 20 min to prevent oxidation. Apple pieces were
steamed for 10 minutes and cooked (98°C, 4 min).

Preparation of banana puree

Preparation of banana purees as method of Wang et al., (2014)
with a little modification in this work. The color-protection
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solution A was a 0.2 % ascorbic acid (AA) + 0.2 % citric acid
(CA) mixture and solution B (0.3 % AA+0.2 % CA). Peeled
bananas were immediately put into color-protection solution A to
prevent browning, and then solution B was added. Banana puree
put into polyethylene bags until use.

Preparation of cantaloupe puree

Cantaloupe was sorted and removed defective units. It was
washed under running tap water to remove soil and organic
matter, then dipped for 1 minute in chlorinated water (100 ppm
NaClO), and finally rinsed with tap water. After washing, each
one was cut in half, parallel to the longitudinal axis seeds and
placental tissues were cantaloupe was cut in big chunks and mixed

using the blender (Baier et al., 2018).

Preparations of control and formulas biscuits by different
concentrations of fruits puree(apples, bananas and
cantaloupe)

The biscuits were made in the laboratory of Assuit University
and were prepared according to the method of Kamaliya and
Kamaliya, (2001) with replacement the fat by apple, banana, and
cantaloupe puree at different levels 0%, 50%, 75% and 100%
w/w. Oil, eggs, vanillin and sugar powder were creamed in a
mixer before the homogenized mixture of dried ingredients were
added. Then, wheat flour and baking powder were added to the
above cream and mixed for 2 min to get the biscuit dough. The
dough was cut into round shapes. The cut dough was transferred
to trays and baked at 175°C for 12 min. Biscuits was packed in
stored in air tight containers at room temperature until use for the
required analysis and measurements. Fat replacements and
numbers of samples are presented in Table (1). The biscuit's
photos at different blends are shown in Fig. (1).
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Table (1): Ingredients used in the preparation of control and fat
replacement biscuits (g)

Ingredients (g) Oil Fat Eggs Vanillin Sugar Wheat Baking
(ml)  replacers (powder) flour powder
72%

Formulae (1) control 100 0 60 1 50 100 15
Formulae 50% 50 50 60 1 50 100 15
(zng'e 75%% 25 75 60 1 50 100 15

100% O 100 60 1 50 100 1.5

Formulae 50% 50 50 60 1 50 100 1.5
(3)Banana 7505 25 75 60 1 50 100 1.5
PUre® 00w 0 100 60 1 50 100 15
Formulae 50% 50 50 60 1 50 100 1.5

c (4|) 75% 25 75 60 1 50 100 1.5
AoUP® T100% 0 100 60 1 50 100 15

The proximate chemical composition of fruits puree

and biscuit samples

Moisture, crude protein, crude fiber, crude fat, and ash of the
composite biscuits were determined according to the methods of
AOAC (2006). Carbohydrates content was calculated by the
difference (Latimer, 2012). All estimates were carried out in
three times.
% Carbohydrate = 100 — % (protein+ fat + ash+ fiber + moisture)
Caloric value of products was calculated according to the
following equation:
Total energy value = (Protein % + carbohydrate %) x 4 + fat % x
9 (FAO, 2002)
Where E= Calories/100g product. The results of the experiments
were given an average of three replicates.
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Figure (1): Forrﬁhlae of control and formulas biscuits with different
concentrations of fruits puree (g/100 g)

Fat calories
The percentage of calories related to the calories intake for each
sample was calculated as follows:
% Fat calories = —aotiesoffat 40 (Sanaa, 2015).
Total of calories

Physical properties of biscuit samples

The physical properties such as weight, width, thickness,
spread ratio, volume, density, specific value and specific gravity
were determined. Weight of biscuits was measured as average
values of six biscuits with the help of digital weighing scale. The
average weight value was reported in grams. Width of biscuits
was measured by placing six biscuit samples edge to edge and
measuring with a digital vernier caliper. Three values were
averaged for each set of samples. The average diameter was
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reported in millimeter. Thickness of biscuits was measured by
stacking 6 biscuits on top of each other to get the average value
and recorded in millimeters (Jothi et al., 2014). Three values were
averaged for each set of samples. Spread ratio was calculated by
dividing diameter by thickness (Aida et al., 2017). Volume (ml)
was measured by seed displacement (AACC., 2010). Specific
volume was calculated as: volume (cm®)/weight (g) (Pooja et al.,
2018). The pH of biscuits was measured according to the method
of AOAC (2000) using Micro Processor pH Meter (HANNA
instruments pH 2011).
Functional properties of biscuit samples

Bulk density was determined by following the method
described by Onabanjo and Dickson (2014). Ten ml graduated
cylinder, previously tarred, was gently filled with 5g of sample.
The bottom of the cylinder was gently tapped on a laboratory
bench several times until there was to a constant. The bulk density
of the sample (g/ml) was calculated as weight of the sample per
unit volume of sample. Water Absorption Capacity (WAC) of the
sample was determined using the method as described by
Onabanjo and Dickson (2014). A measured quantity (1g) of the
sample was dispersed in 10 ml of distilled water in a conical
graduated centrifuge tube. The sample was thoroughly mixed for
30 seconds and allowed to stand at room temperature for 30
minutes before being centrifuged at 4000 rpm for another 20
minutes. The volume of the supernatant was measured directly
from the graduated centrifuge tube. The amount of the absorbed
water was multiplied by the density of water (1 g/ml) and results
were expressed as g/100 g. Oil Absorption Capacity (OAC) of the
flour was determined using the method as described by. One gram
of sample was mixed with 10ml of pure canola oil for 60 seconds.
The mixture was set to stand for 10 minutes at room temperature,
centrifuged at 4000rpm for 30 minutes and the oil that separated
was carefully decanted. The tubes were allowed to drain at an
angle of 45°C for 10 minutes and then weighed. Oil absorption
was expressed as percentage increase of the sample weight
(Eleazu and Ironua, 2013).

Sensory evaluation of biscuit samples

78
2021 oo ¢ iy Gusbed) asal) L ) Alaal)



e gill Al c¥lme § Bigmdl Alma

Sensory evaluation of biscuits such as appearance, taste, flavor,
color, texture, aroma and overall acceptability were assessed by
twenty panelists members from academic staff and undergraduate
students of the Home Economics Department, Faculty of Specific
Education, Assuit university using 9-point hedonic scale (from
like extremely = 9 to dislike extremely = 1) according to
Meilgaard et al., (2007).

Statistical analysis

Data were analyzed using analysis of variance (ANOVA). Means
comparison was performed using Duncan’s test at the 5% level of
probability as reported by Snedecor and Cochran (1994).

Results and Discussions
Table (2): Gross chemical composition of fat replacers puree (% on W.W

basis)*
Fat moisture Crude  Crude Fat  Ash Total Energy Fat
replacers % Protein Fiber % % carbohydrate (kcal/100g) calories
puree % % % (Kcal/1
009)
Fresh
apples 83.2t 1.15+ 24+ 031 572 7.22+ 36.27+ 0.08+
0.4 0.01 0.01 + + 0.01 0.02 0.01
0.01 0.01
Fresh
banana 70.8+ 2.1+ 26+ 081 140 9.68+ 54.41+ 0.13+
0.5 0.01 0.02 + 1+ 0.2 0.01 0.01
0.02 0.01
Fresh
cantalo 90.2+ 0.84+ 0.9+ 0.19 0.76 7.11+ 33.51+ 0.05+
upe 0.3 0.02 0.01 * * 0.04 0.01 0.01
0.02 0.03

* (W.W) basis= wet weight basis

The gross chemical composition of fat replacers puree is
presented in Table (2). The results indicate that fresh banana was
the highest in crude protein, crude fiber, fat, ash, total
carbohydrates, total caloric and fat calories. While, it was the
lowest in moisture. Fresh cantaloupe was the highest in moisture.
These results are in agreement with Chang, (2012) for apples,
(Michel et al., 2016) for banana and (Fundo et al., 2018) for
cantaloupe.

Table (3) shows the gross chemical composition of control and
fat replacement biscuits. There was no significant difference
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between all samples in moisture as compared to the control
sample. The highest content of moisture in samples 100% fat
replacement was quite reasonable for the reason of having more
water in their formulations. Similarity between the moisture
content of treatments with just different levels of shortening
replacement might be the reduction in fat content (Aida et al.,
2017). The moisture content of the control was found to be lower
(2.2%) than that of the fat replacement biscuits (2.56%) in 100%
formulae apple puree and it slowly increased from 50% to 100%
samples of fat replacement biscuits, because of the higher
moisture content in the puree fruits. Similar results on the increase
in moisture content were also reported for cookies obtained by
replacing butter with avocado puree Roxana et al., 2018). Results
are consistent with work by Hanan, (2016) who referred this
increase to the high moisture content of cantaloupe purees
compared to only moisture of butter.

The addition of puree to biscuits, substituting up to 100% of fat,
produced only a slight increase in protein content, because protein
in biscuits mainly came from eggs. Fiber increased, as expected,
with the increase in replacement level from (0.89% in control-
1.45% in 100% formulae 3, this is due to high fiber content in
puree. It is generally agreed that dietary fiber is an available tool
in controlling oxidation in food products and as a functional food
ingredient (Eleazu and Ironua, 2013). Furthermore, dietary fiber
reduces the absorption of cholesterol from the intestine, slows
digestion and converts starch into simple sugars, an important
factor in controlling diabetes. In addition, fiber components can
get better texture, thickening, stabilizing, gelling and emulsifying
(Nguyen and Nguyen, 2018).

As expected, the replacement resulted in a sharp significant
decrease in fat content, which is in contrast with work by Hussein
et al., (2011). On the other hand, this result is agree with Hanan,
(2016) who reported that the fat content of biscuits decreased with
the reduction of the percentage of fat.
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Table (3): Gross chemical composition of control and fat replacement
biscuits (% on W.W basis)

Samples Moisture Crude Crude Fat  Ash % Total Energy  fat calories
% Protein % Fiber% % carbohydrat  (kcal/100 (Kcal/
e% 9) 1009)
Formulae (1) 2.241.0° 6.56+ 0.89+ 23.7 0.5+ 66.15+3.11%  504.14+ 42.31+
control 1.02 0.1° * 0.012 0.56° 1.74°
1.0°
Formula 50%  2.32+1.0 6.67+ 1.15+ 200 581+ 69.0+4.1° 483.13+ 37.36%
e(2) a 1.02 1.02 5+ 0.1° 3.4° 2.13°
Apple 1.0°
puree 75%  2.45+1.0 6.69+ 1.26+ 184  0.85+ 70.35+4.12 473.76+ 34.96+
a 1.02 1.02 + 0.1° 3.4° 2.15°
1.0°
100  2.59+1.0 6.72+ 1.35+ 160  0.86% 72.37+4.1° 460.57+ 31.45+
% a 1.0° 1.0° 9+ 0.1° 255" 2.13°
1.0°
Formula 50%  2.41+1.0 6.65+ 1.28+ 20.0 0.9+ 68.73+4.1° 481.7+ 37.45+
e(3) a 1.0° 1.0° 3+1. 0.1° 34° 2.13°
Banana 0°
puree
75%  2.53+1.0 6.69+ 1.36+ 183  0.95+ 70.41+4.14% 47381+ 34.93+
a 1.0° 1.0° 6J_rb1. 0.1° 4.05° 2.17°
0
100  2.65+1.0 6.7+ 1.45+ 161  1.01+ 72.0945.0 460.06+ 31.43+
% @ 1.02 1.02 * 1.0° 5.0° 2.3°
1.0°
Formula 50%  2.29+1.0 6.67+ 1.01+ 200 071+ 69.28+4.1° 484.16+ 37.27+
e (4) a 1.0° 1.0° 4+1, 0.1° 3.4° 212°
Cantalo 0P
upe 75%  2.37+1.0 6.71+ 1.03+ 184  0.76+ 70.72+4.1° 475.41+ 34.36%
Puree a 1.0° 1.02 1¢b1. 0.1° 3.4° 2.15°
0
100  2.45+1.0 6.73+ 4.04+ 162  0.79+ 72.79+4.1° 463.88+ 31.44+
% a 1.0° 1.0° * 0.1° 34° 2.17°
1.0°

* (W.W) basis= wet weight basis
Means with different superscript letters in the same column are significantly
different at P<0.05

Results show that the ash content of the biscuits increased
significantly as the replacement level increased ranged from
(0.5% in control- 5.81% in 50% formulae 2. These results agree
with work by Hussein et al., (2011). The ash content of food
material could be known as an indication of mineral constituents
of the food (Onabanjo and Dickson, 2014). Carbohydrate
content was higher in biscuits containing puree (72.79% in 100%
formulae 4) than in the control (66.15%). Also, carbohydrate
levels increased with increase in replacement level. This result
agrees with Nguyen and Nguyen, (2018). Despite the
carbohydrate increase, the caloric value of biscuits decreased, and
the differences were statistically significant.
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Concerning the caloric value and fat caloric, a gradual significant
decrease was observed as the substitution level in all types of fat
replacement at 100% as compared to the control sample. These
results agree with work by Noor et al., (2011). It was reported by
Hussein et al., (2011) that the calorie of cakes was significantly
(P<0.05) decreased as the fat replacer levels increased.

Physical properties of control and fat replacement biscuits are
presented in Table (4). The weight value and thickness of biscuits
was increased gradually with increasing proportion of fat
replacers. The highest value was samples of 100% fat replacement
( 20.0%, 20.01% and 16.33%) in formulae (2,3,4) respectively,
and the lowest was found in 50% fat replacement (16.0%, 13.67%
and 12.52%) in formulae (2,3,4) respectively. The results differed
significantly among samples (p<0.05). As can be seen, the higher-
level fat replacers incorporated the more the weight and thickness
of the biscuits. But the width of biscuits was decreased with
increasing proportion of fat replacers.

The spread ratio is an important aspect that affected to quality.
Jothi et al., (2014) stated that the spread ratio is the important
factor that affected to quality parameters of biscuits since it
correlated with texture, grain finesse, bite and overall mouth feel
of the biscuits. As can be seen, when the level of fat replacers was
increased, the spread ratio of biscuits was decreased. Samples of
50% fat replacers was recorded the highest value of spread ratio,
while the lowest value belonged to sample of 100% fat replacers.
In conclusion, the biscuits made from different ratios of fat
replacement had lower spread ratio of than that of the control
biscuits. These results are partially in agreement with those
obtained by Wekwete and Navder, (2008) who reported
significantly lower spread ratios were noted in the avocado and
Oatrim cookies compared with the control cookies after baking.
Pooja et al., (2018) similarly reported fruit puree fat substitutes to
restrict dough flow during baking and give a reduced spread.
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Table (4): Physical properties of control and fat replacement biscuits

Samples weight  width  thickness spread volume specific specific PH

(9) (mm) (mm) ratio (cm?) volume gravity

(cm®lg)
Formulae (1) 16.67 617+ 14.0+ 442+ 27.16% 1.63+ 1.02+ 6.53
control 1.0° 1.0° 1.0° 0.25° 1.0° 0.04* 0.01° £1.0
a
Formulae  50%  16.0+  53.0% 16.7+ 3.17+ 20.23 1.26+ 0.99+ 6.35
(2) apple 1.0° 1.0° 1.0° 0.13 1.0° 0.02° 0.01° £1.0
puree 5
75% 183+  50.1% 221+ 2.28+ 19.21+ 0.96+ 0.97+ 6.34
1.0° 1.0° 1.0° 0.06° 1.0° 0.01° 0.01° +1.0
a
100 200+  51.0% 23.0+ 2.22+ 17.98+ 0.98+ 0.94+ 6.33
% 1.0° 1.0° 1.0° 0.05° 1.0° 0.01° 0.01° +1.0
Formulae  50% 13.67+  63.3% 15.0+ 423+ 25.43+ 1.88+ 0.93+ 6.39
(3)banana 1.0° 1.1° 1.0° 0.22° 1.0° 0.06° 0.01° £1.0
puree 2
75%  16.67+  61.0% 18.7+ 327+ 24.32+ 1.46+ 0.91+ 6.38
1.0° 1.0° 1.0° 0.12° 1.0° 0.03° 0.01° *1.0
100 20.01x 583% 18.7+ 312+ 23.27+ 1.16+ 0.87+ 6.37
% 1.0° 1.0° 1.0° 0.12° 1.0° 0.01° 0.15° *1.0
Formulae  50% 1252+  66.3% 14.2+ 467+ 15.47+ 1.24+ 0.89 6.42
4 1.0° 1.0° 1.0° 0.39° 1.0° 0.02° 0.01° *1.0
cantaloupe .
puree

75%  14.45+  64.2% 14,6+ 441 14.36% 0.99+ 0.85+ 6.41
1.0° 1.0° 1.0° 0.23° 1.0° 0.01° 0.01° +1.0
a
100 16.33x  63.3% 16.0+ 3.96+ 13.29+ 0.81+ 0.83+ 6.4+
% 1.0° 1.0° 1.0° 0.19° 1.0° 0.01° 0.01° 1.02

Means with different superscript letters in the same column are significantly
different at P<0.05

Volume is a very important quality for biscuits, which strongly
influences consumer preference and is directly related to the type
and amount of shortening used (Hanan, 2016). In this study,
increasing the amount of fat replacer at the different fat reduction
level caused to significant decrease in the volume of the products.
Replacement of fat in biscuits was also resulted with lower
volume products compared with the control samples (27.16%).
These results are in agreement with those obtained (Kocer et al.,
2007 and Zahn et al., 2010). This might be explained by two
possible mechanisms. The first one is the increasing amount of fat
replacers used in the formulations may lead to the gluten dilution,
which affect the optimal gluten matrix formation during the
mixing, fermentation and baking steps (Feili et al., 2013). The
second possible mechanism is the decrease in the amount of air
bubbles, which incorporated into the dough during mixing and
expand during baking (Zahn et al., 2010). In another study

83
2021 oo ¢ iy Gusbed) asal) L ) Alaal)




e gill Al c¥lme § Bigmdl Alma

conducted by Seher and Sedat (2017), it was also indicated that
the decrease in fat content caused to lower volume in high ratio
layer cakes.

Concerning specific volume and specific gravity, there was
significant difference (p<0.05) between specific volume of
samples of fat replacers of biscuits and control. The highest value
of specific volume and specific gravity in biscuits was of samples
50% fat replacers 1.26 &0.99 in formulae (2), 1.88 & 0.93 in
formulae (3), and 1.24 & 0.89 in formulae (4) respectively, and
the lowest value was of samples 100% of fat replacers 0.98& 0.94
in formulae (2), 1.16&0.87 in formulae (3), and 0.81&0.83 in
formulae (4) respectively. Specific volume was recorded as best
index of sensory texture of biscuits. These results were in line
with the results of previous research of author about reduced—fat
cake containing oat bran derivative (Hashemiravan et al., 2013).
Lower in specific volume is associated with good aeration of the
batter, better crispiness and higher textural value (Dogan, 2006).
Specific gravity values of biscuits prepared with fat replacers were
significantly lower than that of control biscuits. Similar results
were obtained by Hussein et al., (2011) and Capriles et al.,
(2008) who reported that the specific gravity of the cake batter
prepared with more than 50% fat replacement level was higher
than the control.

The pH of all samples by fat replacements of final products was
not significantly different from the control. This result is in
agreement with those obtained by Shouk and Sawsan (2005).
According to Hanan, (2016), pH is of great importance in the
definition of color and texture of products. Texture tends to
become softer as the pH increases.

For food processing, and food preparation, functional properties
of foods are significant properties to establish the applications and
uses of food material since they concern the general quality of
foods. The important functional properties so as to be usually
assayed include: bulk density, water absorption capacity, and oil
absorption capacity (Guerin et al.,, 2011). The results of
functional properties control and fat replacement biscuits are as
showed in Table (5).
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Table (5): Functional properties of control and fat replacement biscuits

Samples Bulk Density WAC OAC
(g/mi) (9/9) (9/9)
Formulas (1) control 0.45+0.1° 1.12+0.25° 1.8+0.4°
Formulas (2) Apple puree 50%  04240.1° 1.05+0.25% 1.68+0.4°
3% 0.44+0.1° 1.040.25° 1.6+£0.4°
100%  (.46+022" 0.82+0.28" 1.32+0.44°
Formulas (3) Banana puree ~ 50%  (.40+0.1° 1.0£0.25" 1.620.4°
75% 042401 1.05+0.25 1.68+0.4°
100%  0.45+0.1° 1124025 1.8+0.4°
Formulas (4) Cantaloupe 50%  0.32+0.1° 0.840.25" 1.28+0.4°
puree 7% 034401 0.8540.25" 1.36+0.4°
100%  036+0.1° 0.940.25° 1.44+0.4°

Means with different superscript letters in the same column are significantly
different at P<0.05

Scientifically and economically, bulk density is an important
factor, second only to moisture. The bulk density also content
generally affected by the particle size and density of the flour and
so, it is a really important approach to determining the type of
packaging material required, material handling and application in
wet processing in the food industry (Adeleke and Adedeji, 2010
& Onabanjo and Dickson, 2014). Henceforward, when the
particle size was increased, bulk density was decreased.
Consequently, enhancement in bulk density is really necessary as
it takes advantage in package processing, then a greater quantity
may be packed within a constant volume (Eleazu and Ironua,
2013).

During dough preparation, it was observed that the fat replaced
fruits puree, dough were stickier and more difficult to work when
compared to the control dough. Presence of non-cereal protein
maybe a reason for sticky dough, due to its higher water holding
capacity. Water absorption is a capacity of a product to link with
water under conditions where water is limiting such as doughs and
pastes (Eleazu and Ironua, 2013). The ability of flour to absorb
water is called as water absorption capacity. Eleazu and Ironua,
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(2013) mentioned that high digestibility of the starch is based on
increase in WAC. In food system, the feature of WAC is to
improve yield, consistency of food (Chandra et al., 2015). From
the results above, the water absorption capacity of samples 100%
fat replacers had higher than the 50% fat replacers, hence, this
resulted in the higher initial moisture content of the dough and the
higher loss of water during baking of the biscuits (Sneha et al.,
2012). This might be responsible for texture particularly hardness,
hence hardness and factorability of optimized sample has been
increased (Kulkarni and Joshi, 2013). However, the differences
of two attributes among samples were insignificant (p<0.05).

The collected data revealed that the results of the study recorded
no significant difference in OAC for all samples compare to
control. Among all fat replacers samples, samples 50% recorded
the highest value in OAC (1.68, 1.6, 1.28) in formulas (2, 3, 4)
respectively, and the samples 100% recorded the least value (1.32,
1.8, 1.44) in formulas (2, 3, 4) respectively. The OAC of samples
slightly decreased as more and more fat replacers was
incorporated, which indicated diluting effect of fat replacers on
OAC. According to the observation of Nguyen and Nguyen
(2018), the oil absorption capacity interrelated to the ability of
proteins to attach fat is important property in food formulations
since fats be active as flavor retainer and improve the mouth feel
of foods.

The produced biscuits using fat replacers with different ratios of
fruits puree were sensory evaluated and compared with control
biscuits with 100% fat. The results of all attributes (color,
appearance, flavor, taste, texture and overall acceptance are given
in Table 6. It is clear that samples of biscuits are acceptable.
Color is one of the most important parameters that affect directly
the consumer preference of any product. Several researchers also
found that yellow color of food products increased mean scores of
panelists in color attribute (Kia and Hosseini, 2018).
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Table (6): Sensory evaluation of control and fat replacement biscuits

Samples Color  Appearance Flavor Taste Texture Overall
(10) (10) (10) (120) (120) acceptability
(10)

Formulas (1) 9.7+ 9.8+1.0° 9.74#1.0* 9.8+1.0° 9.5+1.0° 9.8+1.0°
control 1.0°

Formulas 50% 9.5+ 9.0+1.0° 9.3x1.0* 9.5+1.0* 9.1+1.0° 9.6+1.0°
(2) Apple 1.0%

puree 75% 9.3+ 9.0+1.0% 9.3+1.0* 9.5+1.0° 9.1+1.0° 9.6£1.0°
1.0%

100 85+ 7.6+1.0° 9.2¢1.0% 8.9+1.0% 7.3x1.0° 8.9+1.0°
% 1.0°

Formulas 50% 9.2+ 9.3+1.0° 9.1£#1.0* 9.2#1.0* 9.0£1.0° 9.2¢1.0%
(3) 1.0%

Banana  75% 9.2+ 9.2+1.0° 9.2+1.0* 9.2+1.0* 8.2+1.0° 9.1+1.0%
puree 1.0?

100 8.2+ 8.1+1.0° 9.0£1.0* 8.9+1.0° 8.0+1.0° 8.3£1.0°
% 1.0°

Formulas 50%  9.6% 9.6+1.0° 9.6£1.0* 9.6+1.0° 9.5+1.0° 9.5+1.0°
(4) 1.0%

cantalou  75% 9.5+ 9.6+1.0° 9.5+¢1.0% 9.4+1.0* 9.4+1.0° 9.5+1.0%
pe 1.0°

puree 100 9.5+ 9.6+1.0% 9.3x1.0* 9.3+x1.0* 9.4+1.0° 9.4+1.0%
% 1.0°

Means with different superscript letters in the same column are significantly
different at P<0.05

The collected data revealed that there was a slight change in all
samples of biscuits produced containing fruits puree as fat
replacers at all levels, it was statistically similar. At 50% amount
of fat replacers, all five attributes obtain the highest scores. There
were significant differences in appearance and texture (p<0.05) in
100% fat replacers of apple (7.6 and 7.3) respectively. The
appearance, flavor, taste, texture and overall acceptance, all
biscuits replaced with fruits puree exhibited no significant
difference as compared to their control and were highly
acceptable. The results of the evaluation also showed that biscuits
fat replacers of cantaloupe were more accepted than others
samples compare with control. These results are outlined with
Wekwete and Navder (2008) in their study with avocado puree
replacement levels, showed that there was no significant
difference (p<0.05) observed in texture scores of control cookies
having of avocado puree. The overall acceptability scores range
suggests that all the experimental cookies were accepted by the
panelists.
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According to Colla et al., (2018), a successful fat-replacement
product must replicate texture, mouth feel, and flavor of the
original fat. It can be concluded that fruits (apple, banana and
cantaloupe) puree could be used as a successful fat replacer in
baked products especially biscuits, thus allowing production of
potentially healthier food items. Thus, it could be quite
worthwhile for commercial applications of healthy food. The
increase of fat replacement did not increase hardness of biscuits,
but improve their textural properties with lower caloric value.
These results are in agreement with those obtained by (El-Sayed
etal., 2014).

Fruits puree was the most successful fat replacer in biscuits as it
was able to retain most sensory properties of a traditional biscuit
even at different level of fat replacers, although there was a
decrease in hardness (Wekwete and Navder, 2008). However, it
should also be noted that fruits puree were able to increase the
sensory qualities and consumer acceptance of biscuits
(Romanchik-Cerpovicz et al., 2018).

Conclusion

The present study showed that fruits puree is an acceptable fat
replacer in biscuits and effective in reducing the amount of fat
and, as a result the calories. In addition to that fat replacement by
different ratios of fruits puree to biscuits was not only improved in
nutritional value and health benefits, but also highly accepted by
various consumers. Also, fruits puree able to maintain the
physical-chemical and sensory characteristics.

Based on this finding it is recommended that the future work
needs to focus on the role of fat replacers in other baked goods.
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