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ARTICLE INFO ABSTRACT

Milk chocolate is one of the most popular and enjoyable foods, and it has many fans
. . ) of all ages. The main ingredient in chocolate is cocoa butter. One of the main factors
Avrticle History: contributing to the thermal instability of chocolate is the low melting temperature of
N cocoa butter compared to the ambient temperature in hot weather and tropical regions,
Received:2023/9/16 so the purpose of this research is to replace the gelatin extracted from chicken feet
. ith commercial (Cow) gelatin in different concentrations (0, 3, 5 and 7 percent) with

A :2024/6/1 w . | CTHerent o ) ;
coepted:2024/6/19 cocoa butter to reach a high melting point with the aim of preventing chocolate from

melting at high temperatures in tropical regions. In this research, the physicochemical
Keywords: and sensory properties of milk chocolate were investigated, and the obtained results
showed that the density of the samples increased with the increase in the
concentration of gelatin (chicken feet and commercial). The hardness of chocolate
samples decreased by increasing the concentration of chicken foot gelatin and
sensory, increasing the concentration of commercial (Cow) gelatin, so that the highest level of

hardness among the samples containing gelatin was related to the sample containing
chicken feet gelatin, 3% commercial gelatin (5936.3) and the lowest level of hardness was related to the

sample containing 7% chicken feet gelatin (5342.5). Also, by examining the surface
milk chocolate, roughness of the treatments, the highest roughness is related to the control sample.

The apparent viscosity of treatments increased by increasing the concentration of
melting point. chicken feet gelatin and increasing the concentration of commercial gelatin. In terms
of the melting profile of the chocolate samples, as expected, the melting point of the

texture,

[ Downloaded from fsct.modares.ac.ir on 2024-12-12 ]

samples increased independently with the increase of chicken foot gelatin and the
increase of commercial (Cow) gelatin. By increasing the level of chicken feet gelatin
and increasing the level of commercial (Cow) gelatin, the aqueous activity of the
treatments decreased. In terms of color parameters (L, a and b), the highest amount
of brightness is related to the sample containing 7% chicken feet gelatin. From
*Corresponding Author E- sensory point of view, parameters of color, taste, smell, texture and finally the overall

acceptance of chocolates were investigated. In terms of parameters, a significant
Zramiri@gmail.com, difference between the samples was observed, and all the samples had the required
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1- Introduction

Chocolate has many fans in all age groups due
to its unique taste and texture and the feeling of
pleasure and relaxation after consumption, and
its consumption has been growing in recent
years. Chocolate is a uniform and semi-solid
mixture of sugar and cocoa particles and other
ingredients, which depend on the formulation
and type of chocolate. In the continuous phase,
which usually includes cocoa butter. This
product is the result of a complete and correct
process of mixing one or more raw materials
with cocoa beans. Among these raw materials,
we can mention sugar or permitted edible
sweeteners, powdered milk powder, flavorings
and permitted edible essential oils [1]. One of
the most popular types of chocolate in the world
is milk chocolate. Milk chocolate is a complex
rheological system that includes a solid phase
(cocoa powder, sugar powder and non-fat dry
milk powder) dispersed in the continuous phase
of cocoa butter. One of the main factors that
causes the thermal instability of chocolate is the
initial softening of cocoa butter at a temperature
of 30-32 degrees Celsius. Therefore, its
consumption in tropical regions is associated
with the problem of melting [2]. When
consumption of chocolate is moderate, it will be
a strong and useful food. Chocolate is a very
pleasant dessert and increases the acceptance of
other nutrients. Chocolate is an emergency
ration for the armed forces. One pound of
chocolate (435.59 grams) will provide about
2515 kcal of energy. The average composition
of chocolate is as follows: proteins (4.8
percent), fats (32.5 percent), carbohydrates
(59.5 percent), and theobromine (1.25 percent).
Chocolate is a nutrient, for example, a small
piece of 100 grams of milk chocolate contains
about 220 milligrams of calcium and 9 grams of
protein [3]. Any change in the quality of food
compared to its original quality causes a loss of
product quality. The physical characteristics of
chocolate have a lot to do with its textural
characteristics, such as the size of chocolate
particles, which is related to its favorable
mouthfeel, and factors such as bloom, which
reduces the appearance and texture quality of
chocolate and is known as fat and sugar bloom.
Some chemical characteristics, such as water
activity and pH, are some of the things that
contribute to the helplessness of the product [4].
Gelatin is the main protein in bones and
cartilage. One of the factors affecting the
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properties of gelatin is the age of the animal and
the source and type of collagen. So far, more
than 27 types of gelatin have been identified.
Depending on the pretreatment method, two
types of gelatin can be obtained, which are
commercially divided into type A gelatin and
type B gelatin. Type A gelatin was obtained
under acidic treatment conditions, and type B
gelatin was obtained under alkaline treatment
conditions [5]. Chicken feet are rich in
collagen, which is an excellent source of gelatin
and is used in food and pharmaceutical products
[6]. The use of chicken feet as a raw material
for extracting gelatin will not only benefit the
poultry industry but will also lead to the
production of a relatively cheap and widespread
substitute for mammalian gelatin [7]. By
examining and comparing the structure of
chicken foot collagen and commercial cow
gelatin using FTIR spectroscopy, it was
observed that the FTIR spectrum of chicken
foot gelatin has more amino acids than
commercial cow gelatin, therefore, the
production of gel using chicken feet is
suggested by the poultry industry, which also
announced that the strength and nutritional
quality of chicken foot gelatin are higher than
commercial cow gelatin [8]. The texture of
chocolate is its most complex physical
characteristic, and, along with taste, it is the
quality that often comes to mind when choosing
to prefer products. In general, texture is a
qualitative parameter that refers to the feeling
of food in the mouth and the perception that a
person has of its physical properties as a result
of biting and chewing. Different words are used
to describe the texture of chocolate, depending
on whether the emphasis is on structure,
consistency, or mouthfeel. Three texture
sensory characteristics are very important in the
perception of chocolate: softness, melting and
hardness [9]. The texture and appearance of
chocolate are key features in the consumer's
choice to identify the product [10]. Although
texture perception is a dynamic oral process
before and during chewing, people also
perceive texture through sight, touch, and
hearing [11]. Chocolate texture can be
evaluated with efficient and objective
instrumental measurements or supplements for
sensory evaluations [12], with statistically
significant correlations [13]. Determining
visual information, gloss, color, shape,
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roughness, surface texture, and transparency
are summarized in appearance characteristics
[14]. Texture, sweetness, how it melts in the
mouth, color and overall acceptance are the
sensory characteristics of chocolate samples
[15]. In the sensory test, the 5-point hedonic
method has been used. The purpose of this test
is to check the sensory acceptance of the
samples by trained evaluators [16]. The desired
adjectives were scored by evaluators from one
(bad) to five (excellent). Taste is the most
important sensory attribute of chocolate, as
consumers are influenced by aroma, taste and
texture during consumption. In a more or less
conscious way, chocolate consumers judge
based on the quality characteristics inherent in
the products. Today, chocolate is not a rare or
premium product. The recognition of its values
certainly involves previous experience and
future expectations that are promoted by
advertising. However, what makes it so
desirable is its perceived sensory quality.
Chocolate has many fans in all age groups due
to its unique taste and texture and the feeling of
pleasure and relaxation after consumption, and
its consumption has been growing in recent
years [1]. The melting of chocolate from a solid
state at room temperature to a soft, dense
suspension in the mouth at body temperature
shows its unique properties. Melting of
chocolate in the mouth is defined by lipid phase
characteristics [10] and taste perception, and
characteristic Tissues facilitate it. Perceived
flavor intensity changes dynamically over time
as chocolate is melted, manipulated, and mixed
with saliva for swallowing [17].

2. Materials and methods

2.1. Materials

In this research, to prepare milk chocolate from
cocoa powder (Parand Company), cocoa butter
(Latamarco Africa Company), sugar (Dena
Diamond Company), powdered milk (Pak
Company), vanilla (Gholha Food Industries),
and liquid lecithin (Gujarat, India). A silicone
mold was purchased from a confectionery store
in Mazandaran-Qaemshahr, chicken Feets from
a poultry slaughterhouse in Mazandaran-
Qaemshahr, and hydrochloric acid was
purchased from Merck, Germany.
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2.2. Methods

2.2.1. Preparation of gelatin from
chicken Feet

After weighing the chicken Feet and separating
its nail and skin without heating, it was washed
with cold water, cut into pieces of 3—4 cm with
a knife, and finely chopped by a model
laboratory grinder (Bosch, Germany) for 4
minutes. In the next step, the chopped Feet was
washed with water at a ratio of 11:2
(weight/volume) to remove blood and other
residues. 0.5 normal hydrochloric acid was
added to the shredded chicken feet in a ratio of
22.3:3 (weight/volume), and it was stirred with
a mechanical magnet for 2 hours until its pH
reached about 1. After this time, the oscein
(scum) was separated and washed with distilled
water at a ratio of 1:12/16 (weight/volume) in
two stages of 10 minutes to reduce the acidity
of the oscein and bring the pH to about 3.
Distilled water in aratio of 1:1 (weight/volume)
was heated to 45 degrees Celsius, and oscein
was added to it and stirred for 1 hour at the same
temperature with a mechanical stirrer. The
obtained gelatin was filtered by cloth, and its
pH was adjusted to 7 with normal soda. Then
the clear liquid in the container was separated
and stored in the refrigerator, and its pH was
measured for 4 days. Then it was melted at
40°C and dried in an oven at 45°C for 28 hours,
and the dried gelatin, after being powdered by
The grinding machine (Sapor, SCG-420), was
stored in moisture-proof plastic bags (zip-cap)
in the freezer at -18°C [18].

2-2-2- Preparation of milk chocolate

In the first step, sugar and milk powder were
ground with a grinder (Sapor, SCG-420) and
then passed through a laboratory sieve (mesh
40). In general, 9 grams of cocoa powder, 37.56
grams of powdered sugar, 14.34 grams of non-
fat dry milk powder, 37 grams of cocoa butter,
1.5 grams of lecithin, and a small amount of
vanilla were considered for each 100-gram
treatment. In order to prepare chocolate
samples, cocoa powder and melted cocoa butter
were mixed by a mixer in the laboratory at a
speed of 50 rpm for 30 minutes in the same
conditions (in a water bath). Mixed. Sugar
powder and non-fat dry milk powder were
added to the mixture with vanilla, and the
chocolate dough was stirred for 1 hour. Lecithin
was added to the chocolate mixture in 3 steps
and stirred in a water bath at 65°C for 1 hour in
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each step. For better mixing of materials, a
number of anti-rust and anti-wear balls with a
diameter of 8 mm were used. The samples were
kept in a 60°C water bath for 24 hours. Then, it
remained the same for 30 minutes at a
temperature of 55°C. To condition the
temperature during mixing, the temperature of
the samples was brought to 28 degrees in 20 to
25 minutes and kept at this temperature for 10
minutes. To prepare samples containing
different concentrations of gelatin (chicken feet

and commercial), gelatin is added before
conditioning. Then, the samples were
transferred to silicone molds with an
approximate volume of 7 cc and kept for 30
minutes at 15°C. After leaving the molds, the
samples were placed on aluminum sheets and
kept in the refrigerator until the tests [15, 16, 19,
20].

Table 1. Combinations and quantities used to make Types of milk chocolate

Treatments Cocoa Sugar milk cacao vanilla  lecithin  Commercial Chicken
butter (gram) powder powder  (gram) (gram) gelatin Feet gelatin
(gram) (gram) (gram) (gram) (gram)

SH 37 37.56 14.34 9 0.6 15 0 0

T1 34 37.56 14.34 9 0.6 15 3 0

T2 32 37.56 14.34 9 0.6 15 5 0

T3 30 37.56 14.34 9 0.6 15 7 0

T4 34 37.56 14.34 9 0.6 15 0 3

T5 32 37.56 14.34 9 0.6 15 0 5

T6 30 37.56 14.34 9 0.6 15 0 7

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk
chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin),
T4 (milk chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken
Feet gelatin), T6 (milk chocolate containing 7% chicken Feet gelatin)

2.2.3. Experiments related to chicken
Feet gelatin and commercial (cow)
gelatin

2.2.3.1. Measuring the strength of gelatin
gel

6.67 grams of gelatin were mixed with 100 ml
of deionized water. This mixture is left at room
temperature for 3 hours until the gelatin swells.
Then it was heated for 20 minutes in a 60°C
water bath to dissolve the gelatin. After cooling
to room temperature, it was placed in a cold
water bath at a temperature of 10°C for 16 to 18
hours. Gelatin gel strength was measured with
a Brookfield Engineering Lab Inc. device, made
in the United States, with a cylindrical probe
coded TA10 [21].

2.2.3.2. Gelatin pH measurement

To measure the pH, one gram of gelatin was
dissolved in 99 ml of distilled water and
heated for 5 minutes at a temperature of 45
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degrees Celsius. After the solution was
dissolved and reached room temperature,
the pH was measured by a pH meter
(Jenway, UK model). Became [22].

2.2.3.3. Determining the melting profile
of gelatin

The melting profile of gelatin was investigated
using the differential scanning calorimetry
model (DSC-500). Gelatin powder from
chicken feet was weighed accurately in
aluminum pans in the amount of 15 mg using a
scale, and its melting temperature was
calculated from 30 to 90 degrees Celsius with a
heating rate of 10 degrees Celsius per minute
[23].

2.2.3.4. Gelatin viscosity evaluation

6.67% gelatin solution was placed in a 45°C
water bath until it was completely dissolved,
and then this mixture was poured into a
viscometer vessel connected to a 35°C water
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bath. Viscosity was measured by a Brookfield
viscometer made in the United States [22].

2.2.4. Tests related to milk chocolate
samples

2.2.4.1. Chocolate density measurement
The density (specific gravity) of the products is
determined in three replicates by filling a
beaker (150 ml), taking into account the
available mass (g). The density (g/mL) of the
samples was calculated as the ratio of mass to
human volume [24].

2.2.4.2. Measuring the hardness of
chocolate texture

The texture test was performed by a Brookfield
Engineering Lab Inc. device made in the USA
with a cylindrical probe coded TA39. Milk
chocolate with dimensions of length and width
of 15 mm, height of 6 mm, and movement
speed of 1 mm/s was done [25].

2.2.4.3. Surface roughness measurement
The imaging conditions should be such as to
minimize factors such as light and reflection,
which may eventually interfere with the
analysis, so the imaging was taken by a
smartphone camera with a 108 megapixel and
ultra-wide lens sensor, and then the photos were
transferred to the computer via USB port.
Connected, done. For this purpose, the samples
were placed on a clean white screen, and the
samples were photographed vertically by a
camera from a fixed distance of one meter. It
was saved in JPG format from the imaging
samples with dimensions of 1792 x 3904 pixels
and a resolution of 300 dpi. To calculate image
parameters after 8-bit conversion, gamma
correction and contrast enhancement were used
for image processing. Also, for image
processing, background subtraction and
differentiation enhancement were repeated, and
finally threshold will be done in the gray color
channel [26, 27].

2.2.4.4. Evaluation of apparent viscosity

This feature was measured using a viscometer.
First, the chocolates were stirred at a
temperature of 32 degrees Celsius for 10
minutes and then homogenized. Then a 150-ml
beaker was filled with chocolate, and the
rotating axis of the device was placed in it to
measure viscosity. The number on the display
of the device indicates the apparent viscosity of
the samples [1].
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2.2.4.5. determination of chocolate
melting profile

To check the melting profile of chocolate
samples, a differential scanning calorimeter
(DSC-500/Ci) equipped with a thermal analysis
base was used. The central part of the chocolate
was used for analysis, and heat was applied
with a heating rate of 5°C/min from 5 to 50°C

[28].

2.2.4.6. Measurement of chocolate water
activity

The water activity of chocolate samples was
determined with a device (Novasina Sprint)
[29]. We put some of the prepared samples in
the special place of the device, and the water
activity of the samples was measured.

2.2.4.7. Measurement of chocolate color
indicators

The color of the chocolate treatments and the
control sample was measured by the IMG
Pardazesh Cam-System XI device and the L, a
and b indices were analyzed. This model has
factored (L) including black to white spectrum
with a range from zero to 100 and two color
factors (a) including green to red color
spectrum with a range of +120 to -120 and (b)
including a blue to yellow color spectrum with
a range of 120 + to -120 [30].

2.2.4.8. Sensory evaluation

In order to check the sensory characteristics of
the samples, which means the feeling that is felt
in the mouth after eating chocolate and is more
related to the melting in the mouth
characteristic, 10 evaluators who had received
the necessary basic training were used to
evaluate the samples using a 5-point hedonic
numerical scale. Was used [28].

2.3. Data analysis

The results were based on a completely
randomized design. To check the averages, one-
way analysis of variance (ANOVA) was used at
the 0.05 level, and Duncan's test was used to
determine the difference between the averages.
Data analysis was done with SAS software.

3. Results and Discussion

3.1. Gelatin

The physicochemical characteristics of gelatin
extracted from chicken feet are shown in Table
2. The numerical value of pH indicates the
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amount of washing necessary to eliminate the
remaining acid and finally reach the desired pH.
The strength of the gel depends on the
molecular weight, concentration and extraction
temperature [18]. The strength of chicken foot
gelatin in the present study is 378.48 grams,
compared to other sources such as commercial
(cow) gelatin, which is 299 grams, and chicken

skin gelatin, which is 355 grams [21]. It can be
said that the high strength of chicken Feet
gelatin gel is due to the high amount of
hydroxyproline, strong hydrogen bond and low
extraction temperature [18].

Table 2. Physicochemical Analysis of Chicken Feet Gelatin and Commercial Gelatin

Commercial gelatin Chicken Feet gelatin Test
170.6 £ 0.9 378.48+0.5 Bloom Gel
1625+ 0.3 220.75+0.2 Viscosity
447 +0.01 70.5+0.01 The temperature at the beginning of the melting point
83.5+0.01 85.4+ 0.01 The temperature at the end of the melting point
3.2+0.6 331+ 0.8 pH before drying
6.61 +0.01 6.65+ 0.02 pH after drying

2.3. Chocolate

3.2.1. Density of chocolate

According to graph 1, there is a significant
difference between the control sample and the
treatments containing different levels of
chicken feet gelatin and the treatments
containing different levels of commercial
gelatin, so that the lowest density corresponds
to sample T4 (a milk chocolate sample
containing 3% chicken feet gelatin) and the
highest density to Sample T3 (a milk chocolate
sample containing 7% commercial gelatin). In
both groups, milk chocolate containing
different levels of chicken feet gelatin and milk
chocolate containing different levels of
commercial gelatin have increased density with
increasing gelatin concentration. The density of
milk chocolate samples containing different
levels of commercial gelatin was higher than
that of milk chocolate samples containing
different levels of chicken foot gelatin. In 2013,
Fernandes et al. reported that increasing the
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amount of albumin decreased the density of
tomato paste [31]. In a study in 2005,
researchers showed that fat substitutes
including guar resin, xanthan gum, and starch
in a mixture of rice flour and date oil led to an
increase in density [32]. During the research
conducted in 2016, the researchers came to the
conclusion that with the increase in the
concentration of grape concentrate due to the
increase in Brix, the density of the tissue
increased, which ultimately increased the
chewability of pastilles [33]. In 2013, Mir Arab
Razi et al., during their studies that added
different amounts of albumin proteins, sodium
caseinate, and cheese juice concentrate to
chocolate dessert, concluded that, in general,
with the increase in the amount of protein, the
amount of density decreased, but the reverse
trend was observed with gelatin. And with its
increase, the density increased [26].
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Figure 1. Density Chart of Milk Chocolate Samples Containing Different Levels of Chicken Feet Gelatin
and milk chocolate samples containing different levels of commercial gelatin

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2
(milk chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial
gelatin), T4 (milk chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5%
chicken Feet gelatin), T6 (milk chocolate containing 7% chicken Feet gelatin)

3.2.2. Measuring the hardness of
chocolate texture

In graph 2, the hardness of the control sample
tissue, the treatments containing chicken foot
gelatin, and the treatments containing
commercial gelatin are given. According to the
obtained results, the highest hardness is related
to the control sample, and the lowest is related
to the T6 sample (the sample containing 7%
chicken feet gelatin). In both groups of
treatments (milk chocolate samples containing
different concentrations of chicken foot gelatin
and milk chocolate samples containing
different concentrations of commercial gelatin),
tissue hardness decreases with increasing
gelatin. Statistically, there is a significant
difference between the control sample,

25

treatments containing different concentrations
of chicken foot gelatin, and treatments
containing  different  concentrations  of
commercial gelatin. In general, the hardness of
the prepared treatments was lower than the
control sample, which may be attributed to their
higher humidity. During a study conducted by
Bitraf et al., they concluded that chocolate
samples containing a high percentage of
maltodextrin had less hardness than the control
sample, which may be due to the absorption of
moisture by maltodextrin [15]. During the
research conducted in 2014 on the texture of
cantaloupe jelly, the results showed that with an
increase in the percentage of gelatin, the
hardness of the texture of cantaloupe jelly
increases [18].
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Figure 2. Hardness chart of milk chocolate samples containing different levels of chicken Feet gelatin and
milk chocolate samples containing different levels of commercial gelatin

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk
chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin), T4 (milk
chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken Feet gelatin), T6
(milk chocolate containing 7% chicken Feet gelatin)

3.2.3. Image processing

According to the results obtained in graph no.
3, during imaging of chocolate samples, the
surface roughness of the samples was
compared. The data show that there is a
significant difference between the samples
containing chicken Feet gelatin and the samples
containing commercial (cow) gelatin together,
as well as with the control sample. The lowest
unevenness is related to the T6 sample (the
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sample containing 7% chicken Feet gelatin),
and the highest unevenness is related to the
control sample. In fact, by increasing the
concentration of chicken foot gelatin in samples
containing different levels of chicken foot
gelatin and by increasing the concentration of
commercial gelatin in samples containing
different levels of commercial gelatin, the
surface roughness of the samples decreases.
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Figure 3. Surface roughness chart of milk chocolate samples containing different levels of chicken Feet
gelatin and milk chocolate samples containing different levels of commercial gelatin

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk chocolate
containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin), T4 (milk chocolate
containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken Feet gelatin), T6 (milk chocolate

containing 7% chicken Feet gelatin)

3.2.4. Apparent viscosity

Figure 4 shows the apparent viscosity diagram
of chocolate samples. According to this graph,
there is a significant difference between the
samples. The viscosity of samples containing
different levels of chicken feet gelatin and
samples containing different levels of
commercial gelatin is higher than that of the
control sample, so the lowest viscosity is
assigned to the control sample. In the samples
containing chicken feet gelatin and the samples
containing commercial gelatin, the viscosity
increases with the increase in gelatin
concentration, and this increase in viscosity is
greater in the treatments containing different
concentrations of chicken feet gelatin.
Therefore, the highest amount of viscosity
belongs to sample T6 (a sample containing 7%
chicken foot gelatin). Ashrafieh et al.'s (2014)
research showed that the apparent viscosity of
chocolate treatments prepared with hydrolyzed
collagen increased with an increase in the level
of hydrolyzed collagen. In another study, the
researchers came to the conclusion that starch
polymers, milk protein, beta glucan and gelatin
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increase the viscosity of chocolate and that this
increase in viscosity is responsible for the
ability to maintain the shape of chocolate at
high temperatures [34]. Types of stabilizers
such as gelatin are gelling or thickening agents,
and the effect of these agents is to increase the
viscosity of the continuous phase or form a
three-dimensional network that delays the
movement of components, which results in
improved stability [35]. In a 2005 study,
researchers concluded that, in general, the
viscosity of a fluid is affected by temperature,
so temperature control during processing is
essential. The effect of temperature on fluid
behavior can be described in such a way that
fluidity is affected by intermolecular forces, so
that the smaller the distance between
molecules, the greater the intermolecular
forces. Therefore, the movement of particles
decreases and their viscosity increases. On the
other hand, the increase in temperature
increases the thermal energy of fluid molecules
as well as their movement, and as a result, the
distance between particles increases. This leads
to a decrease in intermolecular forces and an
increase in final fluidity [36].
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Figure 4. An apparent viscosity chart of milk chocolate samples containing different levels of chicken Feet
gelatin and milk chocolate samples containing different levels of commercial gelatin

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk
chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin), T4 (milk
chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken Feet gelatin), T6
(milk chocolate containing 7% chicken Feet gelatin)

3.2.5. Chocolate melting profile

As shown in Figure 5, the results show that
there is a significant difference between the
control sample and the other samples. The
highest temperature at the beginning of melting
is related to samples T3 (containing 7%
commercial gelatin) and T6 (containing 7%
chicken feet gelatin), and the lowest is related
to sample T4 (containing 3% chicken feet
gelatin). The highest temperature at the end of
melting is related to the T6 sample, and the
lowest is related to the control sample. In both
gelatin groups (chocolate samples containing
different concentrations of chicken foot gelatin
and chocolate samples containing different
concentrations of commercial gelatin), as
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expected, with the increase in gelatin (chicken
foot and commercial), the temperature at the
beginning and end of milk chocolate melting
also increased. In a study, researchers came to
the conclusion that polymers of starch, milk
protein, B-glucan and gelatin increase the
viscosity, and this increase in viscosity
ultimately leads to the ability to maintain the
shape of chocolate at high temperatures in such
a way that these polymers trap fat, preventing
the melting of fat at high temperatures [29]. In
research that used corn flour and gelatin at
levels of 2.5, 5, 7.5, and 10% in chocolate
formulation, they concluded that increasing the
levels of flour and gelatin increases the melting
point of chocolate [2].
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Figure 5. Melting profile chart of milk chocolate samples containing different levels of chicken
Feet gelatin and milk chocolate samples containing different levels of commercial gelatin

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk
chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin),
T4 (milk chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken
Feet gelatin), T6 (milk chocolate containing 7% chicken Feet gelatin)

3.2.6. Water activity measurement

The results of this test, according to diagram 5,
show that there is a significant difference
between the control sample and other
treatments. By increasing the concentration of
chicken foot gelatin and increasing the
concentration of commercial gelatin, the water
activity of the samples decreases. According to
the results, it can be stated that there is no
significant difference between samples T3
(sample containing 7% commercial gelatin), T5
(sample containing 5% chicken feet gelatin),
and T6 (sample containing 7% chicken feet
gelatin). The lowest aw is related to T3, and the
highest is related to sample T1 (a sample
containing 3% commercial gelatin). In a study
conducted by Herati et al. in 2017, they
concluded that with the increase of gelatin and
guar, the water activity increased in the
barberry pastille sample [37]. According to
research in 2014, in relation to the formulation
of date jelly products based on condensed milk
cheese, gelatin and xanthan gum in different
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formulas, with the increase of these three
variables, the water activity of the samples also
increased [38]. In another study in 2014, they
reported the effect of gelatin and guar on the
water activity of white mulberry paste and
concluded that with an increase in the
percentage of gelatin and guar, the water
activity of the samples decreased [39]. In 2012,
Shurideh et al., while investigating the effect of
vanillin tagatose as a sucrose substitute on the
physical, chemical and rheological properties of
milk chocolate, reported that with the increase
in tagatose content, the amount of water activity
in milk chocolate samples decreased [40].
According to research in 2011, researchers
stated that the samples containing sucrose
without the presence of liquid glucose had more
water activity, and with the increase in the
concentration of liquid glucose, the water
activity decreased, while the opposite trend was
observed with the increase in the concentration
of sucrose [41].
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Figure 6. Water activity chart of milk chocolate samples containing different levels of chicken Feet gelatin
and milk chocolate samples containing different levels of commercial gelatin

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk
chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin), T4 (milk
chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken Feet gelatin), T6
(milk chocolate containing 7% chicken Feet gelatin)

3.2.7. Color indicators

According to the results obtained in Table 3, the
L, a and b indices are given. Regarding the L
index, there is no significant difference between
the control sample and the T4 sample (the
sample containing 3% gelatin from chicken
feet). If there is a significant difference between
the control sample and other samples, in fact,
the highest score is related to T6 (the sample
containing 7% gelatin). Chicken feet), and the
lowest is related to the control sample. In
samples containing different levels of chicken
feet gelatin and samples containing different
levels of commercial gelatin, this index
increases with the increase in gelatin
concentration. Regarding factor A, there is a
significant difference between the control
sample and the treatments. According to these
results, the lowest amount of this factor is
related to sample T1 (sample containing 3%
commercial gelatin) and the highest amount is
related to sample T3 (a sample containing 7%
commercial gelatin). In samples containing
different levels of chicken feet gelatin and
samples containing different levels of
commercial gelatin, the amount of this factor is
increasing with the increase in gelatin
concentration. The obtained results show that in
factor b, there is no significant difference
between the control sample and the T1 sample,
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as well as between the T4 and T5 samples (the
latter containing 5% chicken feet gelatin), but a
significant difference was observed between
the others. The lowest value is related to the
control sample, and the highest value is related
to the T2 sample (the sample containing 5%
commercial gelatin). The results of the research
conducted on the date jelly product containing
different ratios of xanthan, whey and gelatin in
2014 showed that the pastille formulation with
the lowest percentage of hydrocolloid has the
highest color intensity and the pastille sample
containing the highest percentage of
hydrocolloid has the lowest color intensity. By
adding gelatin and xanthan, it reduced the
transparency and color of the gel [38]. In 2014,
researchers concluded that by increasing the
percentage of gelatin, factor L in white berry
pastille samples decreased and factors a and b
increased [39]. During the research conducted
in 2014, which was related to the replacement
of sucrose with grape juice in sponge cake, they
concluded that this replacement decreases
factor L and increases factor b [42]. According
to research in 2014, the researchers came to the
conclusion that the control sample, the
cantaloupe jelly that lacked gelatin, had the
lowest transparency and the lowest color
spectrum according to the L, a and b parameters
[18].
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Table 3. Color index table of milk chocolate samples containing different levels of chicken Feet gelatin
and milk chocolate samples containing different levels of commercial gelatin

Treatments L a b
SH 7.9453+0.19 © 0.3720+0.02 3.4843+0.14 ¢
T1 8.8323+0.14 « 0.1753+0.02 ¢ 3.5490+0.01 ¢
T2 9.3963+0.35 ° 1.2793+0.007 ° 5.1116+0.02 @
T3 9.6713+0.5 1.3823+0.02 2 4.9830+0.03 °
T4 8.4313+0.11 « 0.4083+0.005 © 4.2803+0.03 ¢
T5 9.2493+0.19 ® 0.7550+0.01 ¢ 4.2630+0.01 ¢
T6 10.0233+0.31 2 1.3213+0.01 ° 4.3966+0.03 ©

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk
chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin), T4 (milk
chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken Feet gelatin), T6
(milk chocolate containing 7% chicken Feet gelatin)

3.2.8. Sensory evaluation

Table 4 shows the sensory characteristics of
milk chocolate samples. Color, smell, taste and
texture of milk chocolate were evaluated by
evaluators. There is no significant difference in
texture measurement between the control
sample and the T2 sample (sample containing
5% commercial gelatin), the highest value is
related to the control sample, and the lowest
value is related to the T3 sample (sample
containing 7% commercial gelatin). In the
evaluation of the taste of the samples, a
significant difference was observed between all
the treatments and the control sample, so that
the highest score in terms of taste is the control
sample and the lowest score is related to the T6
sample (the sample containing 7% chicken feet
gelatin). Regarding the color of the chocolate
samples between the control sample and the T4
sample (the sample containing 3% chicken feet
gelatin) and between the T1 sample (the sample
containing 3% commercial gelatin) and T6, as
well as between the T3 and T5 samples (the
sample containing 5% chicken feet gelatin),
there is no significant difference. In the overall
acceptance of the samples, the highest score
was given to the control sample, and the lowest
score is related to the T6 sample. The closest
acceptance between chocolates containing
commercial gelatin and chocolates containing
chicken feet gelatin is related to sample T2.
During a study, it was shown that the amount of
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brightness depends on the size of the particles
and the amount of fat and lecithin in chocolate
[1]. In a research, chocolate enriched with
quinoa was accepted by sensory evaluators. No
significant difference was observed in the
preferences of consumers for chocolate samples
with different percentages of quinoa. All
formulations showed acceptance above 70%
[43]. The research conducted in 2007 shows
that one of the reasons for the decrease in taste
with increasing the content of gelatin and corn
starch can be attributed to the high viscosity of
starch and gelatin samples, which have a
negative effect on the taste [44]. In 2010,
researchers reported that the solubility of
compounds added to chocolate has an effect on
chocolate melting and mouthfeel scores. The
sample containing inulin has little hardness
compared to the samples containing simpler
sugars such as sucrose and tagatose, and it
creates a state of adhesion and aggregation in
the mouth, which was clearly visible in the
samples with higher amounts of inulin. This
state has an effect on how the chocolate melts.
Had [45].
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Table 4. Sensory Evaluation Table of Milk Chocolate Samples Containing Different Levels of Chicken

Feet Gelatin and milk chocolate containing different levels of commercial gelatin

Treatments Texture taste color smell general
acceptance
SH 4912+ 0.01 474+ 0.1 4.26°+ 0.01 4,912+ 0.01 4,992+ 0.05
T1 4,07+ 0.06 4.42+ 0.01 434+ 0.1 412+ 0.2 4.4% 404
T2 3.51%+ 0.02 3.62¢9+ 0.02 4512+ 0.1 3.62¢+0.01 4,63 +0.3
T3 3.079+ 0.1 3.317+ 0.01 4.079+ 0.06 3.31+£0.3 3.86%c+ 0.1
T4 4.31°+ 0.04 4.31°+ 0.01 4.31°+ 0.02 4.07°+ 0.06 4.1%0 4+ 0.2
T5 3.719+ 0.06 3418+ 0.2 4.079+ 0.06 3.519+ 0.02 4.3%b + (.02
T6 3.217+ 0.3 3.079+ 0.04 4.34°+ 0.01 3.077+ 0.06 3.89+0.2

*SH (control sample, without gelatin), T1 (milk chocolate containing 3% commercial gelatin), T2 (milk
chocolate containing 5% commercial gelatin), T3 (milk chocolate containing 7% commercial gelatin), T4 (milk
chocolate containing 3% Chicken Feet gelatin), T5 (milk chocolate containing 5% chicken Feet gelatin), T6
(milk chocolate containing 7% chicken Feet gelatin)

4. Conclusion

The results of this research showed that the
addition of gelatin (chicken Feet and
commercial) independently increases the
specific mass (density) of milk chocolate, and
this density increase is greater in chocolates
containing chicken Feet gelatin. The hardness
of the samples decreased with the increase in
gelatin. In examining the image of milk
chocolate to determine the surface roughness of
the samples, the roughness decreased with
increasing the concentration of chicken foot
gelatin in the samples containing chicken foot
gelatin and increasing commercial gelatin in the
samples containing commercial gelatin.
Viscosity increased independently with the
increase in gelatin concentration (chicken feet
and commercial). By adding gelatin extracted
from chicken feet and commercial gelatin in
different concentrations to milk chocolate, its
melting temperature increases, which can be
attributed to the absorption of moisture by
gelatin. By examining the water activity of milk
chocolate, we came to the conclusion that with
the increase of gelatin (chicken feet and
commercial), it has a downward trend
independently. The evaluation of the color
parameters of the treatments showed that there
was a significant difference between the
treatments in factors a and b, and the highest
score was given to the control sample in relation
to factor L. Sensory factors such as color, smell,
taste and texture were affected by different
levels of gelatin and showed a significant
difference with the control sample. In terms of
overall acceptance of the samples, the sample
with the highest score from the consumers'
point of view was the sample containing 5%
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commercial gelatin. Based on the results of this
research, chicken foot gelatin can be used in
milk chocolate formulations in hot regions to
solve the problem of samples melting in the
environment.
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