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Abstract

This research aimed to optimize the formula to produce gluten free cookies supplemented with durian
rind dietary fiber. The seven formulations of cookies consisting of durian rind flour (0-20%), wheat flour (30-
50%) and salted butter (25-45%) were studied using Mixture Design. Physical properties and sensory evaluation
by 30 untrained panelists were investigated. The results showed that weight loss of cookies and spread ratio
varied directly as the amount of salted butter. Furthermore, the hardness of cookies tended to increase when the
amount of durian rind flour increased. The brightness of cookies varied directly with the amount of wheat flour.
Obviously, an optimum formulation of gluten free cookies supplemented with durian rind dietary fiber was
10% durian rind flour, 47.5% wheat flour and 42.5% salted butter, respectively. This formulation had the
highest of overall liking scores. Furthermore, using various types of flour replacement with wheat flour was
studied. The results discovered that cookies made from mixed flour were the most suitable formula for wheat
flour replacement. Apparently, the sensory evaluation score (appearance, texture and overall liking) of cookies
made from mixed flour formulas was similar to the wheat flour formula. The development of the flavor and
taste of cookies found that the formulated cookies containing green tea powder and coffee powder had an
average score of flavor and taste was higher than other formulas. Therefore, gluten free cookies supplemented

with durian rind dietary fiber is an alternative product for consumers who want to avoid gluten foods.
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1. Introduction

Durian (Durio zibethinus L.) is a tropical
fruit known for its spiky appearance and strong
smell. It is found in most Southeast Asia including
Thailand. The chemical composition of durian
contains a high amount of carbohydrates in the form
of starch and sugar. In addition, hemicellulose is
also found which is a type of insoluble
polysaccharide and cannot be digested in the human
gastrointestinal tract [1]. Obviously, proteins play
an important role in the taste of durian by the
enzyme mechanism [1]. Moreover, durian has 3.9%
of fat [1]. Durian is a large fruit consisting of 10-30%
flesh, which can be consumed at various stages of
ripeness. In terms of by-products, rind and seed of
durian are 50-60% and 10-20%, respectively [2].
One of durian fruit has the most part of the rind.
Interestingly, it has a chemical composition
consisting of 4.84% ash, 13.09% hemicellulose and
15.45% lignin [3]. The processing of durian in the
industry has numerous residues that are part of the
durian rind. It causes a lot of garbage problems for
environment [4]. At present, the utilization of
durian rind is not widely used in the food
processing.  Occasionally, durian rind is
transformed into food products that is an interesting
alternative way. This choice does not only help
reduce the amount of waste, but also add higher
value to the agricultural materials.

Cookies are a kind of bakery product that
made from wheat flour or wheat flour mixed with

other flour [5]. Generally, there is a gluten protein

in wheat flour. Disulphide bonds play a key role in
determining the structure and properties of wheat
gluten proteins [6]. Comparison of the sequences of
monomeric gliadins and polymeric glutenin
subunits allows the identification of conserved and
variant cysteine residues [6]. Wheat dough is
viscoelastic which has both viscous and elastic
characteristics [7]. Currently, there are many
reports of increased gluten intolerance among
consumers. Gliadin proteins have an effect on the
immune system and are toxic to patients with
coeliac disease [8]. There are many causes of the
coeliac disease. It may be caused by genetics, stress
conditions, pregnancy, viruses, infections, and the
stimulation of the passenger in the environment [8].
Interestingly, the durian rind is processed into flour,
which are in use as a raw material for the production
of cookies. Durian rind flour will enhance the
nutritional value of the food product. In addition, it
may be used instead of wheat flour in cookie
products. It is an alternative food for consumers
who want to avoid gluten foods.

This research was conducted to optimize
the formula to produce gluten free cookies
supplemented with durian rind flour. The physical
properties and sensory evaluation by untrained
panelists were investigated for selection prototype
formula. The effect of various flour substitutes of
wheat flour on the quality of the cookies was
studied. Moreover, improving the quality of cookies
by several herbs, durian flesh, green tea and coffee

powder were investigated.
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2. Materials and Experiment
2.1 The effect of durian rind flour, wheat
flour and salted butter on the quality of cookies
2.1.1 Durian rind flour preparation

Durian rind flour were prepared from
unripe Monthong durian (Durio zibethinus murray).
It was separated from the flesh and seed of durian.
The part of edible durian rind was selected and cut
to small piece. It was dried in hot air oven at 60 ’c
for 18 h. Dried durian rind was grained by fine
grinding machine (Dxfill, Model DXM-500, China)

at speed level 2 for 2 min.

2.1.2 Production of cookies

The suitable ratio of durian rind flour,
wheat flour and salted butter for cookie production
were studied by using mixture designs. In terms of
mixture experiment, the independent factors were
the proportions of different components of durian
rind flour (0-20%), wheat flour (30-50%) and salted
butter (25-45%), respectively. The points on the
designated triangle area were selected for studying.
The seven formulations of cookies from mixture

design were investigated (Table 1)

Table 1 Formulation of cookies by a 3-component* mixture design

Ingredients Formulation
1 2 3 4 5 6 7
Durian rind flour (%) 5 20 17.5 10 17.5 20 15
Wheat flour (%) 50 35 40 475 47.5 50 45
Salted butter (%) 45 45 42.5 42.5 35 30 40
Total 100 100 100 100 100 100 100

* A 3-component mixture (100% in the mixture design) was 100 % of the total formulation.

The ingredients by mixture design,
including durian flour, wheat flour and salted butter
were weighed according to the formulation in Table
1. In other ingredients, sugar, eggs and baking
powder were added at 16%, 13%, and 1% of all
ingredients (consisting of durian rind flour, wheat
flour and salted butter). In terms of cookies
production, durian rind flour, wheat flour and
baking powder were sifted. Secondly, salted butter
was beaten into a white color. Next, sugar and eggs

were added and mixed. After that, durian rind flour,

wheat flour and baking powder were added and
mixed until homogeneous. Subsequently, the mixed
ingredients were pressed by cookie mold. After all,
it was baked at 165 °C for 20 min [5].

The appearance of cookies from seven
formulations was observed. Baking loss of cookies
was analyzed. The cookies before baking and after
baking were weighed by balance (Zepper EPS-
3001, China). Baking loss was defined as follows:
Baking loss (%) = [(Weigh of cookies before baking

- Weigh of cookies after baking)/ Weigh of cookies
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before baking] x 100 [9]. Hardness of cookies was
measured by using a hardness instrument (Daiichi
FG 520K, Japan). The unit of force was newton (N).

The spread ratio of cookies was defined.
Width and thickness of cookies were measured with
Vernier caliper (Digital Vernier caliper, China).
Spread ratio was defined as follows: Spread ratio =
[Width of cookies (mm)/ Thickness of cookies
(mm)] [10].

Color of cookies was measured by color
meter (Colorimeter, WR10QC, China). CIE system
was defined by L * or brightness (0 = black, 100 =
white), a * (+ a =red, -a = green) and b * (+ b =
yellow, -b = Blue). Moreover, sensory evaluation
by 30 untrained panelists were investigated. The
importance of liking of appearance, flavor, taste,
texture and overall liking were expressed by 9-point
hedonic scale.

The suitable formulation was selected for
developing to gluten free cookies product. The
contour plot was overlapped to find the right ratio
of the amount of durian flour, wheat flour and salted
butter. The quality of cookies composes of weight
loss, hardness, spread ratio, color value and sensory
evaluation score were used for selecting the
appropriate formula of a cookie.

2.2 The effect of using different types of
flour in the replacement of wheat flour on the
quality of gluten-free cookies

The suitable formula of cookie from
previous steps was selected for studying. The
completely randomized design (CRD) was used for

comparing between wheat flour (control) with other

flours on the quality of gluten free cookies. The
different flours, including rice flour, glutinous rice
flour, potato flour, cassava flour and mixed flour
(contains 65% of rice, 25% of potato and 10% of
cassava flour) [12] were studied. The method of
producing cookies was like the above method.

The appearance of the cookies was
observed. In terms of physical properties, baking
loss, hardness, spread ratio, and color was
investigated by following the method in previous
steps. Sensory evaluation by 30 untrained panelists
were examined. The importance of liking of
appearance, flavor, taste, texture and overall liking
were expressed by 9-point hedonic scale. The
suitable formulation was selected for developing to
gluten free cookies product.

2.3 The effect of adding several herbs,
durian flesh, green tea and coffee powder on
quality of gluten free cookies

Herb powder preparation, scallion
(Allium ascalonicum), orchid ginger (4lpinia nigra
Burrt) parsley (Coriandrum sativum) and ginger
(Zingiber officinale Roscoe) were used. First of all,
these were washed and drained. Secondly, herbs
were cut to small size and dried in hot air oven
(Memmert, ULM400, The Netherlands) at 60 °C for
8 h. Next, dried herbs were grained by fine grinding
machine (Dxfill, Model DXM-500, China) at speed
level 2 for 2 min and were kept in sealed container.

The unripe durian flesh powder was
prepared from Monthong durian. At first, seed and
rind of durian were separated from the flesh. Next,

durian flesh was cut to small piece. After that, it was



Sci. & Tech. RMUTT J. Vol.9 No.2 (2019)

27

dried in hot air oven at 60 °C for 18 h. After all,
dried durian rind was grained by fine grinding
machine (Dxfill, Model DXM-500, China) at speed
level 2 for 2 min and were kept in sealed container.

Green tea and coffee powder preparation,
dried green tea leaf and dried coffee seeds were
brought from supper market. These were grained by
fine grinding machine (Dxfill, Model DXM-500,
China) at speed level 2 for 2 min and were kept in
sealed container.

The cookie formula was selected in the
previous steps (control). Similarly, it was compared
with other formula including scallion, orchid
ginger, parsley, ginger, durian flesh, green tea and
coffee powder. Several herbs, durian flesh, green
tea and coffee powder were added at 3% of total
flour. Likewise, the method of producing cookies
was like the above method. The appearance of the
cookies was observed. Sensory evaluation by 30
untrained panelists were investigated. In terms of
the sensory characteristics of cookies, appearance,
flavor, taste, texture and overall liking were
examined by 9-point hedonic scale.

2.4 Statistical analysis

The statistical technique one-way ANOVA
was used for calculating. Duncan’s new multiple-
range Test (DMRT) was used to compare the
difference in the average values at the 95%

confidence level [11].

3. Results and Discussion
3.1 Effect of durian rind flour, wheat flour
and salted butter on the quality of cookies
The results found that seven formulas of
cookies had a different appearance (Figure 1). The
texture of the cookies in formula 1, it was very soft
before baking, and very crispy after baking.
Obviously, it had the highest expansion and had a
light-yellow color. In terms of formula 2, 3 and 7,
forming is easier than formula 1. Texture of cookies
after baking were harder than formula 1.
Furthermore, it had low expansion. Interestingly,
cookies in formula 4 was easy to mold. The texture
of the cookies after baking and expansion was
appropriated. It had yellow-brown color.
Apparently, formulas 5 and 6 were difficult to form
before baking because the texture were relatively
dry and crumbly. The color of cookies was yellow-

brown. It had low expansion and high hardness after

€ € "
A A A

Figure 1 The appearance of cookies from seven

baking.

w W€

1 2 3

formulations

In particular, amount of durian rind flour,
wheat flour and salted butter effected on the
differing appearance of cookies, and resulted from

unit operations during the production including
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heating by baking method. In general, hot air during
baking caused by changing physiochemical
properties of cookies, including gelatinization of
starch, denature of protein, weight loss, and color
changing [13]. The brown color on the surface of
cookies is a common appearance. Generally, the
consumers accept the appropriate intensity of color
that not too light or too dark.

Baking loss, hardness, spread ratio and
color of cookies by a 3-component mixture design
were shown in Figure 2. The results showed that
weight loss of cookies from seven formulations had
significant difference of the 95% confidence
interval when P < 0.05. Obviously, the percentage
of weight loss during baking of cookies varied
directly with the amount of salted butter. The
weight loss of cookies was decreased when the
amount of wheat flour in the formula increased.
Normally, the moisture content of durian rind flour
and wheat flour were 12 % [14]. These had lower
moisture than salted butter. Obviously, the moisture
content of salted butter was 37-60 % [15].

The heat was transferred by convection
and radiation from inside of cookies to surface of
the cookies during baking at 165 °C. Simultaneously,

heat from outside was transferred to inside of

cookies. In addition, the mass was transferred from
the surface of the cookies during baking. Free water
in the cookie structure was evaporated. Therefore,
weigh loss of cookies was occurred [16]. The results
were corresponding to the report of Budzaki et al.
[17]. They studied factor effecting of the quality of
the cookies during baking. They found that weight
loss of cookies tended to increase with the moisture
content in cookies dough before baking.

As aresult, the hardness of cookies varied
directly with the amount of durian rind flour
(Figure 2). Obviously, the most chemical composition
of durian rind was 13.09% of hemicellulose and
15.45% of lignin [3]. These were a polysaccharide
that inserted and held between the cellulose
molecules in the plant cell wall, thus contributing to
the strength of the cell wall. Both hemicellulose and
lignin were classified as carbohydrates that do not
provide energy [16]. Normally, the human body has
no enzymes to digest these two elements. However,
it was very important to the human body because it
was considered a dietary fiber that helps the

excretion [18].
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Figure 2 Baking loss, hardness, spread ratio and color of cookies by a 3-component mixture design

Formulated cookies with high amount of
durian rind flour had a high amount of dietary fiber
that resulting in increased the hardness of cookies.
Bunyasawat and Bhoosem [19] reported that the
effect of using durian rind flour replaced of wheat

flour in tart cups production. They found that the

hardness of tart cups varied directly with the amount
of durian rind flour.

The results of polysaccharide composition
in durian rind flour had the ability to absorb
moisture in dough of cookies. Consequently, the

texture of dough had dry and crumbly. Therefore,
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moisture loss or weight loss of cookies was
occurred by heat transfer during baking. The
internal structure of the tart cups was attached
strongly which resulting in increased hardness.
These according to the report of Khumkhom [10],
the effect of adding dried Sesbania flower powder
on the hardness of butter cookies was studied. It was
found that the hardness of butter cookies varied
directly with the amount of Sesbania flower
powder. Sesbania flowers had a high fiber content
(15.7%). In general, the fibers were mainly
consisted of cellulose and hemicellulose. It can be
inserted between the starch granule structure.
Apparently, it was good water aggregation
properties. These were a factor that effects on the
hardness of butter cookies.

The results showed that the spread ratio of
cookies from seven formulations had significant
difference of 95% confidence interval when P <
0.05 (Figure 2). The spread ratio of cookies tended
to vary with the amount of salted butter, and tended
to inverse with the amount of durian rind flour and
wheat flour. Obviously, when increasing the
amount of fiber from durian rind flour and wheat
flour, the expansion of cookies was decreased.
Specifically, the spread ratio of cookies should be
at an appropriate level. If a spread ratio of cookies
were low or high level, it had an effect on the quality
of cookies decreased. The proportion amount of
ingredients had an effect on the spread ratio of
cookie products. The spread ratio of cookies may
depend on the viscosity of dough. The cookie

mixing process was investigated. The free water

would catch up with the water-like part which
resulting in viscosity increased. In addition, the
spread ratio of cookies increased [20]. High level of
water absorption during the mixing of dough of
cookies was caused by the increasing of dry
ingredients including durian rind flour and wheat
flour. It caused an imbalance system. Obviously,
the surface of the dough was dry and rough during
mixing and molding. The formula 6 of the cookies
had consisted of 20% durian rind flour, 50% wheat
flour and 30% salted butter that had the lowest
spread ratio. On the other hand, increasing the
amount of salted butter caused the viscosity of
dough during mixing increased. Increasing water
absorption of dry ingredients may result in an
increase spread ratio in cookies after baking. The
highest level of salted butter in the dough will result
in soft and difficult to forming of cookies. In doing
this, the formula 1 of the cookies was consisting of
5% durian rind flour, 50% wheat flour and 45%
salted butter that had the highest spread ratio.

The color of cookies from seven
formulations had significant difference of the 95%
confidence interval when P < 0.05 (Figure 2). The
results showed that L * (brightness) tended to
increase when the amount of wheat flour increased.
The a* value of cookies was red color, and b* value
was yellow color. When the amount of durian rind
flour increased, the a * and the b * value increased
which approached the yellow-red range. It
corresponded to the color that was observed for the
appearance of color cookies. When the amount of

durian rind flour was increased, the cookies had a
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yellowish-brown color increased. Changing color
of cookies may be caused by Maillard reaction. In
this case, durian rind flour had more chemical
composition, including 34.15% carbohydrate, 6.42 %
protein, 0.38% fat, and 50.81% fiber [21]. In theory,
Maillard reaction was a reaction between proteins
or amino acids with sugar at high temperature
conditions [16]. These results consist with the effect
of using durian rind flour instead of wheat flour in
the tart cups [19] and brownie cakes [21] production
was reported. They found that the brown color of
the tart cup and brownie cake varied with increasing
amount of durian rind flour in the formulas.

The effect of durian rind flour, wheat
flour and salted butter in cookies on sensory
evaluation was shown in Table 2. The average score

from 30 untrained panelists by 9-point hedonic

scale including appearance, flour, taste, texture and
overall liking were investigated. The results showed
that the liking score for seven formulations of
cookies were significant difference of the 95%
confidence interval when P < 0.05. The formula 4
was consisting of 10 g durian rind flour, 47.5 g
wheat flour, 42.5 g salted butter, 16 g sugar, 13 g
egg and 1 g baking powder. It had the highest score,
including appearance (7.53+1.17), flour (7.40+0.97),
taste (7.50+0.63), texture (7.574+0.82), and overall
liking (7.50+0.94) which were at a moderate level.
This corresponding with the appearance of the
cookies was observed. The formula 4 was easy to
mold. The texture of the cookies after baking and
expansion was appropriated. It had yellow-brown

color.

Table 2 The liking score (n = 30) for seven formulations of cookies

Formulation Attribute
Appearance Flavor Taste Texture Overall liking
1 7.07+1.11° 6.77+0.77° 7.03+0.72"° 7.17+1.21° 7.10+0.99"
2 6.33+1.18" 6.07+0.87° 6.60+0.72" 6.37+0.81° 6.23+1.01"
3 6.13+0.97° 6.13+0.82° 6.63+0.72 6.50+0.73" 6.37+0.96°
4 7.53+1.17° 7.40+0.97" 7.50+0.63" 7.57+0.82" 7.50+0.94"
5 5.83+0.87° 5.97+1.03° 6.03+1.10° 5.43+1.36° 5.47+1.20°
6 4.43+1.30° 4.47+1.66" 4.23+1.72° 3.90+1.88° 3.93+1.91°
7 7.30+1.06° 7.10+0.66™ 7.30+0.75° 7.17+0.75° 7.07+1.11°

note: mean+SD, “° means within each column indicate significant differences (P < 0.05) using Duncan's

multiple range test.
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The weight loss, hardness, spread ratio,
and color value were created the contour plot for
optimum overlapping (A) of cookie formulations

(Figure 3).

Durian rind powder

Baking loss (%)

10
...... 15

Hardness (N)

Wheat flour i Salted butter

Figure 3 Contour plot for optimum overlapping

(A) of cookie formulations

The suitable formula was selected from
contour plot. The contour plot for optimum
overlapping, weight loss (10-15), hardness (10-13 N),
spread ratio (3-5), L * value (60-80), a * value (10-
15) and b *value (20-25) were used as the criteria
for selecting suitable formula. The results showed
that optimum overlapping (A) was a suitable area
for cookies production (Figure 3). Formula 4 was in
the overlapping area. Durian rind flour, wheat flour,
and salted butter were 10, 47.5 and 42.5%,
respectively. Obviously, weight loss, hardness,
spread ratio, color value and the average score of
sensory evaluation were taken into consideration
together. All in all, the formula 4 was selected to
produce gluten free cookies in the next step.

3.2 Effect of using different types of flour in
the replacement of wheat flour on the quality of
gluten-free cookies

At this point, cookies from six types of

flour consisting of wheat (control formula), rice,

glutinous rice, potato, tapioca and mixed flour were
observed (Figure 4). Cookies made from six types
of flour which had a different appearance. The
cookie dough made from rice flour and glutinous
rice flour had a rather rough texture. In
consequence, the texture of the cookies was quite
tight and hard after baking.
AR

Q \

< Qi

Wheat flour Rice flour Glutinous rice flour  Potato flour Cassava flour Mixed flour

Figure 4 Appearance of cookie from different
flours

Moreover, it had a low spread ratio and
light-yellow color. The cookie dough made from
potato flour and cassava flour had a soft texture that
was not rough like rice flour and glutinous rice
flour. The texture of the cookies after baking were
crumbly and brittle. The cookies had yellowish-
brown color. The spread ratio was higher than rice
flour and glutinous rice flour. Potato dough was
softer than cassava dough. Cookies from potato
flour were higher brittle and spread ratio than
cookies from cassava flour. Interestingly, dough of
cookies made from wheat flour and mixed flour
were sticky and flexible texture. The texture of the
cookie had a similar appearance after baking. It had
a crumbly texture that was not too hard. The cookies
had yellowish-brown color. Therefore, the different
appearance of cookies produced from different
types of flour was found. It may be caused by
different chemical composition of each type of flour

resulting in different physical and chemical
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properties. Normally, the cookies from wheat flour
was produced which contained the gluten protein. A
gluten protein caused by the combination of
glutenin and gliadin. It had a disulfide bond that
caused the dough to be sticky, flexible and insoluble
in water [16]. Obviously, rice flour, glutinous rice
flour, potato flour and cassava flour were without
gluten. Cookies from mixed flour consisting of rice
flour, cassava flour and potato flour were like
cookies from wheat flour. It had the properties
similar to wheat flour than using only one type of
flour instead of wheat flour.

The effects of various types of flour on
weight loss, hardness, spread ratio and color value
of gluten free cookies were shown in Table 3. The
results found that weight loss, hardness, spread ratio
and color value of cookies from different flour were
significant difference of the 95% confidence
interval when P < 0.05. Apparently, potato flour
cookies had the highest weight loss and spread ratio,
but it had the lowest hardness. The color changing
of cookies was investigated. The results showed
that wheat flour cookies had the lowest brightness
value. The a * value of cookies was red color. While

the b * value was yellow color. The difference in

appearance and physical properties of cookies were
observed. It was caused by the chemical
composition of each type of flour and the changing
structure of the flour during baking. The heat
transfer from baking caused by gelatinization of
starch. In theory, gelatinization of starch was a
process of breaking down the intermolecular bonds
of starch molecules in the presence of water and
heat. The polymer chain of amylose and
amylopectin packed in the starch granules will
loosen and combine with the surrounding water.
Interestingly, the swelling of starch granule and the
viscosity of flour solution had increased
continuously. The gelatinization temperature for
each type of flour was different. It was depending
on the chemical composition and structure of each
type of flour [16]. Baking caused the expansion of
cookie products. In general, rice flour was a flour
from cereal grains that had two steps of swelling. It
represented the bonding force within two different
starch granules. Crystal bond and amorphous area
of starch were found. Cereal flour had the highest
amount of bond, but it had the lowest swelling and
dissolving. High amylose content caused the strong

structure and low swelling of starch.
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Table 3 The effect of different flours on the physical properties and the liking score of cookies

physical properties Types of flour

and sensory Wheat Rice Glutinous Potato Cassava Mixed

evaluation rice
Baking loss (%) 142740.04" 153+0.02°  15.57+0.02°  16.77+0.02" 16.06+0.06" 15.04+0.04"
Hardness (N) 122040.26"  15.33+021° 14.97+0.06°  9.10+0.10"  9.97+0.15°  12.83+0.15°
Spread ratio 3.83+0.03°  3.80+0.05°  3.90+0.06™  4.03+0.04°  3.98+0.07"  3.96+0.04”
L* 61.26+0.12°  71.50+0.20° 72.30+0.11°  71.98+0.10° 67.60+0.28° 64.70+0.21°
a* 11.2940.06° 9.67+0.01°  9.16+0.01° 8.71+0.02°  11.81+0.02° 13.35+0.03"
b* 27.1740.17°  26.70+0.04"  26.00+0.03°  28.64+0.02° 28.38+0.37° 28.97+0.08"
Appearance 7.53+1.17°  7.03+1.07°  6.90+0.96° TATHLI®  7.43+1.07°  7.50+0.94°
Flavor 740+0.97™  7.20+0.81"  7.17+0.75"  7.33+0.88™  7.20+0.92"  7.30+0.88"
Taste 7.5040.63™  7.27+0.64™  7.30+0.65™ 7.3740.72%  7.3040.79™  7.43+0.77"
Texture 7.57+0.82°  6.90+1.03°  6.97+0.96" 6.50+1.41"  6.43+1.43°  7.53+0.82"
Overall liking 7.5040.94°  7.10+1.06®  7.17+1.05®  7.00+1.29"  6.83+1.37°  7.47+0.73"

note: mean+SD, *"" means within each row indicate significant differences (P < 0.05) using Duncan's

multiple range test, and ™ means not statistically significant (P > 0.05).

In contrary, potato flour and cassava flour
had only one step for swelling. The swelling and
dissolving of potato flour and cassava flour were
higher than the cereal flour, because there were
fewer bonds [22]. In addition, baking also caused
the protein denature. It was a structure with an
internal air hole and a hard shell on the outer surface
of the cookies. Wheat flour was a gluten protein
containing which making the sticky and flexible
dough. Gluten trapped carbon dioxide gas in dough
of cookies [16]. In comparisons wheat flour with
other types of flour were used in the experiment,
including rice flour, glutinous rice flour, potato
flour, cassava flour and mixed flour which were a
gluten-free flour. Apparently, the dough from other

flour during forming had sticky and flexible less

than wheat flour. Consequently, the strength and
characteristics of the network structure within the
starch granules were related to the amount and type
of bonds within the starch granules. At the
molecular level, there were many factors that effect
on the number of bonds including size, shape, the
ratio of amylose and amylopectin, molecular
weight, number of branch chains, arrangement, the
length of the branch in amylopectin, composition
and distribution of the network within the starch
granules [22]. The changing color of cookie may be
caused by the enzymatic browning reactions. It may
occur during durian rind was reduced to a fine.
Generally, it was a chemical reaction of enzymes
that created melanin and benzoquinone from natural

phenols. Enzymatic browning required exposure to
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oxygen. It began with the oxidation of phenols by
polyphenol oxidase into quinones, whose strong
electrophilic state caused high susceptibility to a
nucleophilic attack from other proteins. These
quinones were then polymerized in a series of
reactions, eventually resulting in the formation of
brown pigments (melanosis) on the surface of the
food. In addition, the Maillard reaction may occur
during reducing sugar with amino acids, proteins or
other nitrogen compounds under high temperature
[16]. The liking score of cookies from different
flours was shown in Table 3. The mixed flour
cookies had a higher average score on appearance,
texture and overall liking than rice flour, glutinous
rice flour, potato flour and cassava flour. The
average score in appearance, texture and overall
liking were non-significant difference of the 95%
confidence interval when P > 0.05. The untrained
panelists suggested for developing the flavor and
taste of cookies which may be added durian flesh,
herbal or another flavor. Interestingly, it had several
of products for the consumer. As a result, the
appearance, hardness, spread ratio and sensory
evaluation score were considered. The mixed flour
cookies had properties non-significant difference
with wheat flour. In total, it was a suitable formula
for producing gluten free cookies.

3.3 Effect of adding several herbs, durian
flesh, green tea and coffee powder on quality of
gluten free cookies

The improved quality of gluten free
cookies by adding several herbs, durian flesh, green

tea and coffee powder were investigated (Figure 5).

N >
gt =
Control Scallion Orchid ginger Parsley

Ginger Durian flesh Green tea Coffee

Figure 5 Appearance of cookies from eight

formulations

The sensory evaluation score, including
appearance, flavor, taste, texture and overall liking
by 30 untrained panelists were evaluated (Table 4).
The results show that the average score in appearance
and texture were non-significant difference of the
95% confidence interval when P > 0.05. The
formula with the addition of green tea and coffee
powder were an average score of flour and taste
higher than other formulas. The cookie formula
containing green tea powder had the highest overall
liking score (8.00 + 0.91) when compared with
other formulas. Interestingly, the scallion, orchid
ginger, parsley, ginger, durian flesh, green tea and
coffee were valuable herbs which had the unique
characteristics of flavor and taste. In terms of orchid
ginger, it had medicinal properties. Important
substances were found in the soft stem. There were
essential oils containing most chemical elements,
including tarns-caryophyllene and lg-selinene [23].
Ginger contained monoterpenes and sesquiterpenes.
It was an essential substance that was important to
flour and taste of ginger [24]. Scallion and parsley

were a vegetable with a unique aroma which was
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used as seasonings for many food products. In terms
of durian flesh, it contained volatile substances,
including esters, sulfur, ketone, acetaldehyde and
alcohol. Ester was the main component, including
ethyl propanoate, butanoate, propyl propanoate,
ethyl acetate, and methyl butanoate [25]. Green tea
was not fermented tea. Most chemical elements
were like fresh tea leaves. It had the most
polyphenols in the catechin group [26]. There were
tannins in green tea, which caused a bitter taste in

tea [27]. In green tea, there was caffeine as in

coffee. Caffeine had a slightly bitter taste and odor.
Important elements had affected on flavor in coffee,
including sulfur compounds, pyrazines, pyridine,
pyrrole, oxazole, furan, aldehyde, ketone, and
phenol [28]. Therefore, adding several herbs, durian
flesh, green tea and coffee powder can improve
flavor and taste of gluten free cookies. Accordingly,
these enhanced nutrition and creation of variety of
products. These cookies can respond to healthy
consumers and lead to various options for

consuming.

Table 4 The liking score (n = 30) for eight formulations of cookies

Formulations Attribute
Appearance Flavor Taste Texture Overall liking
Control 7.50+0.94™ 7.30+0.88° 7.43+0.77° 7.53+0.82"™ 7.47+073"
Scallion 7.57+1.14™ 7.60+1.07" 7.63+0.72% 7.60+0.81™ 7.57+1.01%
Orchid ginger ~ 7.53+1.20" 7.67+1.09® 7.60+0.77° 7.57+0.86" 7.63+1.00"
Parsley 7.53+1.20™ 7.47+0.90° 7.60+0.62" 7.57+0.86™ 7.57+0.97"
Ginger 7.67+1.06™ 7.53+0.82° 7.60+0.77" 7.63+1.00™ 7.50+0.94"
Durian flesh ~ 7.70+1.24™ 7.53+1.04% 7.70+0.65" 7.73+0.74™ 7.63+0.85"
Green tea 7.57+1.17" 7.97+0.89" 7.90+0.66" 7.57+0.82™ 8.00+0.91°
Coffee 7.67+1.06™ 7.93+0.91° 7.97+0.72° 7.60+0.81™ 7.97+0.72%
note: mean+SD, aandb 1 eans within each column indicate significant differences (P <0.05) using

Duncan's multiple range test, and ns means not statistically significant (P > 0.05).

4. Conclusions

The formula of gluten free cookies was
consisting of 10 grams of durian rind flour, 47.5
grams of wheat flour, 42.5 grams of salted butter,
16 grams of sugar, 13 grams of eggs, and 1 gram of
baking powder were selected. Gluten free cookies

supplemented with durian rind dietary fiber were

the new choice. It can respond to the consumers
who avoid gluten foods. In addition, it helps
promote the utilization of durian rind which is a
waste from agricultural products. The knowledge
gained from this research can be used as a guideline

for the development of food products from durian

rind that can be further expanded into commercial
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production. Moreover, the durian rind can be

processed into other diverse food products.
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