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Abstract. Tortilla chips are a snack product made from corn which have a bright yellow color with
a crispy texture. Variations in the manufacturing process are needed so that the resulting tortillas
have more attractive colors and better textures. The purpose of this study was to determine effect
substitution of cornflour with various variations vegetable flour on the appearance in the color and
texture tortillas. This study uses a completely randomized design (CRD) with two factors. The
factor is type of vegetable flour red spinach, beets, spinach, and celery flour and the concentration
of vegetable flour substitution 10%, 25%, and 50%. The analysis used was color and texture
analysis. The results showed the highest L value of the color test was in the control tortilla of
46.74. The A value of red spinach tortilla and beets have higher value than control, green spinach,
and celery.. The B value of control has the highest value followed by green spinach and celery
tortillas. The tortilla chips texture test can be seen from the amount of the Fbreak. The lowest
Fbreak value found in red beet tortillas is 1.83, which shows that beetroot tortilla has the most
crispy texture compared to other variation tortillas.

1. Introduction

Indonesia is an agricultural country that has the potential of various and abundant natural resources. The
number of rice fields in Indonesia until 2014 was 7.6 million hectares which have the potential to be
planted with various types of food crops such as rice, corn, cassava, and sago. This food plant is needed to
meet the basic needs and nutrition of the population [1]. The Indonesian population mostly consumes rice
(paddy) as a daily staple food, even though many other food crops that can be used as a staple food such
as corn.

Corn is a staple food that is often consumed by Indonesian people besides rice or rice, especially in
Eastern Indonesia. More than 50% of the maize production is used for consumption and the rest for
livestock. Corn is a source of carbohydrates. Also, corn is rich in other components such as dietary fiber,
essential fatty acids, isoflavones, and minerals. Corn is still consumed as a staple food or as a mixture of
rice Corn can be used as a variety of processed food products such as corn oil, cornflour, and other food
(2]

Indonesian people tend to like to consume foods that have high levels of fat, salt, and carbohydrates
such as ready-to-eat food. In fast, food there are also various physical appearances such as the color and
texture of the food that can attract consumer interest. Meanwhile, traditional foods that have nutritional
levels and the appearance of food that is not good tend to be not in demand so that there is a need for
development in creating a ready-to-eat product but has good nutritional levels and appearance [3]. One of
the corn products that can be processed into ready-to-eat food is tortillas. Tortilla chips are a snack that
originates from southern America and is made from corn. The word tortilla itself means corn in Spanish
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[4].

The development that can be done on tortilla chips is by adding vegetable flour. Vegetable flour can
increase the nutritional value and taste but can also improve the appearance of the product such as the
color and texture of the tortilla. Tortillas with the addition of vegetables can also increase the economic
value of vegetables, especially green spinach, red spinach, beets, and celery which are usually only
processed as processed food for vegetables to accompany rice.

2. Material and Methods

2.1. Plant Material
The materials used in this study were corn flour, red spinach flour, and beetroot flour with the brand
'Hasil Bumiku', salt, flavoring ‘Royco’, powdered sugar, water, garlic powder, pepper, and water.

2.2. Sample Preparation

Tortilla chips in this study were made using various variations in the concentration between corn flour
and vegetable flour. The vegetable flour used includes red spinach flour, beet flour, green spinach flour,
and celery flour. The variations in the concentration of fortified vegetable flour in the manufacture of
tortilla chips are 0% (control), 10%, 25%, and 50%.

The formulation of cornflour and various concentrations of vegetable flour is then added with
supporting ingredients such as salt, refined sugar, ground pepper, garlic powder, and flavorings. The flour
formulations and supporting materials for making tortilla chips can be seen in Table 1. The mixture of
cornflour and vegetable flour is given 25 ml hot water and then kneaded. The kneaded dough is then
steamed for 10 minutes, then added with hot water again as much as 25ml, and then steamed again for 10
minutes. After steaming, the dough is then flattened to form a sheet using a rolling pin and cut into a
square. The dough that has been formed is heated into an oven at 100 ° C for 1 hour then the dough is
stored for further analysis.

2.3. Analysis Tortilla Chips

The analytical methods used in this study include color testing with the Hunter method chromameter [5]
and the fracture strength test using the Lloyd Universal Testing Machine method [6]. The experimental
design used a completely randomized design (CRD) with a factor of variation in the formulation of
cornflour, red spinach flour, and beetroot flour with 2 repeat analyzes.

Table 1. Formulation tortilla chips

Sample F1 (90:10) F2 (75:25) F3 (50:50)
(gram) (gram) (gram)

Cornflour 45 37,5 25

Red spinach flour/beetroot

flour /spinach flour /celery 5 12,5 25

flour

Sugar 5 5 5

Salt 1 1 1

Garlic powder 0,5 0,5 0,5

Pepper powder 0,25 0,25 0,25

Flavoring 1 1 1

Water 50 50 50

Source: [7], [8] with modification
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3. Result and discussion

3.1 Color analysis of tortilla chips

Color is one of the important parameters in a food product. Color analysis of tortilla chips samples using
Hunter's lab calorimetric system method. This method has a principle like a spectrophotometer which
measures the reflectance with filters X, Y, and Z which will be converted to values L, a, and b. The color
characteristic L (light) indicates the brightness with values in the range 0 (black) to 100 (white). A value
indicates a mixed chromatic color of red-green where a positive value (0-100) indicates red color while a
negative value (0 - (- 80)) indicates a green color. The b value shows the chromatic color of the blue-
yellow mixture where the positive b value (0-70) shows the yellow color while the negative b value (0 - (-
70)) shows the blue color [9].

Table 2. Color analysis of vegetable tortilla chips

Sample L a b
Kontrol 46,74 2,00 15,31
BM10 38,91 3,60 7,81
BM25 35,97 2,94 5,86
BMS50 35,81 2,68 5,44
B10 38,64 9,37 7,46
B25 33,09 4,64 3,37
B50 33,34 5,43 3,67
BI10 40,31 0,75 10,01
BI25 35,77 0,64 6,32
BI50 35,11 0,62 5,7
S10 44,44 -0,02 12,97
S25 37,75 0,34 7,56
S50 37,84 0,33 8,12

2Note: BM (red spinach), B (beetroot), BI (spinach), and S (celery)

Table 2. shows that the color test on tortilla chips has an L value in the range 33.09-46.74 where the
highest L value is found in the control. The higher the L value on the tortilla chips, the resulting color
brightness increased. The addition of vegetable flour to tortilla chips tends to reduce the L value of tortilla
chips. This is because the added vegetable flour has a darker color pigment compared to corn flour, which
is red from the addition of red spinach and beet flour and green from green spinach and celery flour. The
lowest value for tortilla chips was B25. The color of the vegetable tortilla can be seen in Figure 1.

Corn flour has carotene pigments, which produce a bright yellow [10]. Red spinach and beetroot
flour have red pigments and green spinach flour and celery flour have green pigments where these two
colors tend to have a lower brightness level compared to the brightness of cornflour. Also, the heating
treatment of the roasting process can cause the color of the tortilla chips to turn brown and slightly darker.
According to [11], the presence of a roasting process in a food product will affect the color, the longer the
food product is roasted, the color of the product will be brown due to the Maillard reaction or non-
enzymatic browning and caramelization. The presence of a Maillard reaction or excessive caramelization
in tortillas can degrade the quality of the tortilla chips.

The value of the vegetable tortilla chips shows a red-green chromatic color. Table 2 shows that the
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value of an on these vegetable chips has a range of -0.02 to 9.37 where the highest value is at B10.
Tortilla chips with the addition of red spinach and beet flour tend to have a higher value because the two
vegetable flour contains red pigment. Tortillas that are added with beet flour or red spinach flour will
change the color of the tortilla, which is usually bright yellow, to reddish. This is because red spinach
contains lutein where it has a dark yellow to the reddish pigment that can change the color of food and red
beets contain the pigment betacyanin which also forms a red-purple color [12], [13].

Tortilla chips with the addition of green spinach and celery flour tend to have low value because
these tortillas show more chromatic green color. The more green spinach and celery flour you add to the
tortilla, the stronger the green color will be. Celery and green spinach have chlorophyll pigments which
produce a yellowish-green color so that food products produced using this flour will also be green [14].
The b value on the vegetable tortilla chips shows a yellow-yellow chromatic color. Table 2 shows that the
vegetable tortilla chips have a value range of 3.37-15.31 where the highest b value is found in control
tortillas. The more vegetable flour you add to the tortilla, the less b value tends to be in the tortilla. Corn
contains carotenoids which produce a yellow pigment [15].

The appearance of color in a product is one of the parameters that can determine the quality of the
product. According to [16], the quality standard for the color of chips can be grouped into three types,
namely the desired food color, the color that is still allowed, and the color that is not desired and
consumers tend to have the desired color group and are still allowed as products that have Good quality
and can be consumed. The color of chips that are pale and too dark/burnt will be considered a product of
poor quality by consumers and tend not to be desirable.

(d) (e)
Figure 1. (a). Control vegetable chips (b) Red spinach tortilla chips (c) Beetroot tortilla chips
(d) Spinach tortilla chips (e) Celery tortilla chips
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3.2. Texture Analysis of Tortilla Chips

The quality of snack food products can be seen from several parameters, namely chemical-physical
properties in the form of nutritional value and physical properties such as texture and appearance of the
product. This physical parameter refers to the level of texture crispiness of food products obtained from
various tests so that it can be accepted by consumers [17]. The texture parameters of food are influenced
by the ingredients they are made of and can be evaluated using instruments or by sensory analysis. The
physical analysis carried out on this vegetable tortilla was a texture hardness test using the Universal
Testing Machine (UTM) method. Hardness is one of the parameters in determining the quality and
acceptance of consumers for foodstuffs [18]. The fracture power of a food ingredient, especially in snack
products, is closely related to the texture and fragility characteristics of the snack product. Fbreak shows
the fractured power of the sample. Fbreak is the maximum force required to press the product until the
product breaks for the first time and is related to the hardness of a product. The harder texture of the
tortilla chips produced, the higher the hardness level of the chips so that the texture of chips produced is
also less crunchy [19].

Table 3. Texture analysis tortilla chips

Sample FBreak
Control 3,12+0,15¢
BM10 2,88+0,09%
BM25 2,340,022
BMS50 22,58+0,15
B10 1,83+0,032
B25 8,92+0,07F
B50 12,14+0,79"
BI10 4,48+0,06°
BI25 3,58+0,21¢
BI50 10,75+0,068
S10 2,69+0,11%
S25 27,27+0,04
S50 10,50+0,44¢

“Notes Numbers followed by the same letter in the same column are not significantly different at 5%
"BM (red spinach), B (beetroot), BI (spinach), and S (celery)

Table 3 shows the texture of the vegetable tortilla chips with Fbreak in the range 1-27 where the highest
Fbreak was at S25 at 27.27 and the smallest at B10 at 1.83. Based on statistical results, the texture of the
control tortilla chips was significantly different from the texture of the tortilla chips fortified with
vegetable flour. This shows that the addition of vegetable flour affects the texture of the tortilla chips.

The higher the concentration of vegetable flour added to the tortilla chips, the higher the Fbreak
value or the tougher texture. The level of crispiness of the tortillas can be indicated by a small or low
Fbreak value, where the less the Fbreak value, the better or more crispy the tortilla is. This is due to a
large amount of moisture that comes out of the gelatinized corn starch granules due to heat treatment so
that cavities are formed in the product which makes these tortilla chips have a crunchy texture [20]. The
level of the crispness of the texture and thickness of the tortilla chips varies greatly because in the
manufacture of tortillas there are no special standards in the processing process so that differences in raw
materials, the concentration of raw materials used, and the stages of making tortilla chips can make the
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resulting tortilla chips vary [17]

The fiber content in the tortilla ingredients also affects the crunchiness of the tortilla chips. Fiber is a
polysaccharide found in food and has a function as a texture enhancer. The higher the fiber content in a
food product, the stronger the resulting texture. If the texture of the chip product is getting stronger, the
resulting texture of the chips will be harder and will have high fracture power. A chip product has good
quality if it has low fracture power, resulting in crispy [21]. This is consistent with the results of research
where the higher the concentration of vegetable flour was added, the higher the Fbreak value or the
breaking strength of the tortilla so that the texture was getting harder. Fresh red spinach has a fiber
content of 5.9-9.1% and when used as flour it is 9.45% while beetroot is 1.9-2.1% [22]-[24].

Figure 2. Tortilla texture analysis with Univeral Testing Machine (UTM)

4. Conclusion

The addition of vegetable flour to the tortilla chips affect the color and texture of the tortillas. The color of
the tortilla will change according to the color of the pigment in the vegetable flour. The red spinach and
beet tortillas are red and the green spinach and celery tortillas are green. The texture of the vegetable
tortilla chips will get tougher as the concentration of vegetable flour is added. The best and crunchy
texture of the tortilla is found in the 10% beet flour fortified tortilla.
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Abstract. Tortilla chips are a snack product made from corn. Tortilla chips generally have a bright
yellow color with a crispy texture. Variations in the manufacturing process are needed so that the
resulting tortillas have more attractive colors and better textures. The purpose of this study was to
determine the effect of the substitution of cornflour with various variations of vegetable flour on
the appearance of the color and texture of tortillas. This study uses a completely randomized
design (CRD) with two factors and two replications of the analysis. The first factor is the type of
vegetable flour, red spinach flour, beets, green spinach, and celery. The second factor was the
concentration of vegetable flour substituted in making tortilla chips, namely 10%, 25%, and 50%.
The analysis used was the Hunter Hutching method color test and texture test using the Universal
Testing Machine (UTM). The results showed that the highest L value of the color test was in the
control tortilla of 46.74. The addition of vegetable flour decreases the amount of L or brightness,
where vegetable flour has a color pigment that makes tortillas reduce brightness. The value of a
color chormatic of red spinach tortilla and beets have a higher value than the control tortilla, green
spinach, and celery, which shows that the red spinach and beet tortillas have bright red pigment.
The control tortilla b has the highest value followed by green spinach and celery tortillas. The
tortilla chips texture test can be seen from the amount of the Fbreak. The lowest Fbreak value
found in red beet tortillas is 1.83, which shows that the beetroot tortilla has the most crispy texture
compared to other vegetable tortillas and control. The higher concentration of vegetables flour
added, the higher the Fbreak value indicates the harder the tortilla texture.

1. Introduction

Indonesia is an agricultural country that has the potential of various and abundant natural resources. The
number of rice fields in Indonesia until 2014 was 7.6 million hectares which have the potential to be
planted with various types of food crops such as rice, corn, cassava, and sago. This food plant is needed to
meet the basic needs and nutrition of the population [1]. The Indonesian population mostly consumes rice
(paddy) as a daily staple food, even though many other food crops that can be used as a staple food such
as corn.

Corn is a staple food that is often consumed by Indonesian people besides rice or rice, especially in
Eastern Indonesia. More than 50% of the maize production is used for consumption and the rest for
livestock. Corn is a source of carbohydrates. Also, com is rich in other components such as dietary fiber,
essential fatty acids, isoflavones, and minerals. Corn is still consumed as a staple food or as a mixture of
rice Corn can be used as a variety of processed food products such as corn oil, cornflour, and other food
(2]

Indonesian people tend to like to consume foods that have high levels of fat, salt, and carbohydrates such
as ready-to-eat food. In fast, food there are also various physical appearances such as the color and texture
of the food that can attract consumer interest. Meanwhile, traditional foods that have nutritional levels and




the appearance of food that is not good tend to be not in demand so that there is a need for development in
creating a ready-to-eat product but has good nutritional levels and appearance [3]. One of the com
products that can be processed into ready-to-eat food is tortillas. Tortilla chips are a snack that originates
from southern America and is made from corn. The word tortilla itself means corn in Spanish [4]

The development that can be done on tortilla chips is by adding vegetable flour. Vegetable flour can
increase the nutritional value and taste but can also improve the appearance of the product such as the
color and texture of the tortilla. Tortillas with the addition of vegetables can also increase the economic
value of vegetables, especially green spinach, red spinach, beets, and celery which are usually only
processed as processed food for vegetables to accompany rice.

2. Material and Methods

Plant Material. The materials used in this study were corn flour, red spinach flour, and beetroot flour
with the brand 'Hasil Bumiku', salt, flavoring ‘Royco’, powdered sugar, water, garlic powder, pepper, and
water.

Sample Preparation. Tortilla chips in this study were made using various variations in the concentration
between corn flour and vegetable flour. The vegetable flour used includes red spinach flour, beet flour,
green spinach flour, and celery flour. The variations in the concentration of fortified vegetable flour in the
manufacture of tortilla chips are 0% (control), 10%, 25%, and 50%.

The formulation of cornflour and various concentrations of vegetable flour is then added with supporting
ingredients such as salt, refined sugar, ground pepper, garlic powder, and flavorings. The flour
formulations and supporting materials for making tortilla chips can be seen in Table 1. The mixture of
cornflour and vegetable flour is given 25 ml hot water and then kneaded. The kneaded dough is then
steamed for 10 minutes, then added with hot water again as much as 25ml and then steamed again for 10
minutes. After steaming, the dough is then flattened to form a sheet using a rolling pin and cut into a
square. The dough that has been formed is heated into an oven at 100 ® C for 1 hour then the dough is
stored for further analysis.

Analysis Tortilla Chips. The analytical methods used in this study include color testing with the Hunter
method chromameter [5] and the fracture strength test using the Lloyd Universal Testing Machine method
[6]. The experimental design used a completely randomized design (CRD) with a factor of variation in the
formulation of cornflour, red spinach flour, and beetroot flour with 2 repeat analyzes.

Table 1. Formulation tortilla chips

Sampe F1 (90:10) F2 (75:25) F3 (50:50)
(gram) (gram) (gram)
Comflour 45 375 25
Red spinach flour/beetroot
flour /spinach flour /celery 5 12.5 25
flour
Sugar 5 5 5
Salt 1 1 1
Garlic powder 05 05 05
Pepper powder 0,25 0,25 0,25
Flavoring 1 1 1
Water 50 50 50

Source: [7]. [8] with modification




3. Result and discussion

3.1 Color analysis of tortilla chips

Color is one of the important parameters in a food product. Color analysis of tortilla chips samples using
Hunter's lab calorimetric system method. This method has a principle like a spectrophotometer which
measures the reflectance with filters X, Y, and Z which will be converted to values L, a, and b. The color
characteristic L (light) indicates the brightness with values in the range 0 (black) to 100 (white). A value
indicates a mixed chromatic color of red-green where a positive value (0-100) indicates red color while a
negative value (0 - (- 80)) indicates a green color. The b value shows the chromatic color of the blue-
yellow mixture where the positive b value (0-70) shows the yellow color while the negative b value (0 - (-
70)) shows the blue color [9].

Table 2. Color analysis of vegetable tortilla chips

Sample L a b
Kontrol 46,74 2,00 1531
BMI10 3891 3.60 7.81
BM25 3597 2.94 5.86
BMS350 3581 2,68 5.44
B10 38,64 937 7.46
B25 33,09 4.64 337
B50 3334 543 3,67
BI10 40,31 0.75 10,01
BI25 35,77 0.64 6,32
BI50 35,11 0,62 5.7
S10 44 44 -0,02 12.97
S25 37,75 0,34 7.56
S50 37.84 0.33 8.12

“Note: BM (red spinach), B (beetroot), BI (spinach), and S (celery)

Table 2. shows that the color test on tortilla chips has an L value in the range 33.09-46.74 where the
highest L value is found in the control. The higher the L value on the tortilla chips, the resulting color
brightness increased. The addition of vegetable flour to tortilla chips tends to reduce the L value of tortilla
chips. This is because the added vegetable flour has a darker color pigment compared to corn flour, which
is red from the addition of red spinach and beet flour and green from green spinach and celery flour. The
lowest value for tortilla chips was B25. The color of the vegetable tortilla can be seen in Figure 1.

Corn flour has carotene pigments, which produce a bright yellow [10]. Red spinach and beetroot flour
have red pigments and green spinach flour and celery flour have green pigments where these two colors
tend to have a lower brightness level compared to the brightness of cornflour. Also, the heating treatment
of the roasting process can cause the color of the tortilla chips to turn brown and slightly darker.
According to [11], the presence of a roasting process in a food product will affect the color, the longer the
food product is roasted, the color of the product will be brown due to the Maillard reaction or non-
enzymatic browning and caramelization. The presence of a Maillard reaction or excessive caramelization
in tortillas can degrade the quality of the tortilla chips.

The value of the vegetable tortilla chips shows a red-green chromatic color. Table 2 shows that the value
of an on these vegetable chips has a range of -0.02 to 9.37 where the highest value is at B10. Tortilla
chips with the addition of red spinach and beet flour tend to have a higher value because the two
vegetable flour contains red pigment. Tortillas that are added with beet flour or red spinach flour will
change the color of the tortilla, which is usually bright yellow, to reddish. This is because red spinach




contains lutein where it has a dark yellow to the reddish pigment that can change the color of food and red
beets contain the pigment betacyanin which also forms a red-purple color [12], [13].

Tortilla chips with the addition of green spinach and celery flour tend to have low value because these
tortillas show more chromatic green color. The more green spinach and celery flour you add to the
tortilla, the stronger the green color will be. Celery and green spinach have chlorophyll pigments which
produce a yellowish-green color so that food products produced using this flour will also be green [14].
The b value on the vegetable tortilla chips shows a yellow-yellow chromatic color. Table 2 shows that the
vegetable tortilla chips have a value range of 3.37-15.31 where the highest b value is found in control
tortillas. The more vegetable flour you add to the tortilla, the less b value tends to be in the tortilla. Corn
contains carotenoids which produce a yellow pigment [15].

The appearance of color in a product is one of the parameters that can determine the quality of the
product. According to [16], the quality standard for the color of chips can be grouped into three types,
namely the desired food color, the color that is still allowed, and the color that is not desired and
consumers tend to have the desired color group and are still allowed as products that have Good quality
and can be consumed. The color of chips that are pale and too dark/burnt will be considered a product of
poor quality by consumers and tend not to be desirable.

g

(d) (e)
Figure 1. (a). Control vegetable chips (b) Red spinach tortilla chips (c) Beetroot tortilla chips
(d) Spinach tortilla chips (e) Celery tortilla chips

3.2. Texture Analysis of Tortilla Chips

The quality of snack food products can be seen from several parameters, namely chemical-physical
properties in the form of nutritional value and physical properties such as texture and appearance of the
product. This physical parameter refers to the level of texture crispiness of food products obtained from




various tests so that it can be accepted by consumers [17]. The texture parameters of food are influenced
by the ingredients they are made of and can be evaluated using instruments or by sensory analysis. The
physical analysis carried out on this vegetable tortilla was a texture hardness test using the Universal
Testing Machine (UTM) method. Hardness is one of the parameters in determining the quality and
acceptance of consumers for foodstutfs [18]. The fracture power of a food ingredient, especially in snack
products, is closely related to the texture and fragility characteristics of the snack product. Fbreak shows
the fractured power of the sample. Fbreak is the maximum force required to press the product until the
product breaks for the first time and is related to the hardness of a product. The harder texture of the
tortilla chips produced, the higher hardness level of the chips so that the texture of chips produced is also
less crunchy [19].

Table 3. Texture analysis tortilla chips

Sample FBreak
Control 3.12+0,15%
BM10 2.88+0,09™
BM25 2.,34+0 02
BMS50 22,58+0.15'
BI10 1,83+0,03"
B25 8.92+0.07"
B50 12,14+0.79"
BI10 4 48+0 06°
BI25 3,58+0,21°
BI50 10,75+0 068
S10 2.,69+0,11™
S25 27,27+0,04
S50 10,500 44¢

“Notes Numbers followed by the same letter in the same column are not significantly different at 5%
YBM (red spinach), B (beetroot), BI (spinach), and S (celery)

Table 3 shows the texture of the vegetable tortilla chips with Fbreak in the range 1-27 where the highest
Fbreak was at S25 at 27.27 and the smallest at B10 at 1.83. Based on statistical results, the texture of the
control tortilla chips was significantly different from the texture of the tortilla chips fortified with
vegetable flour. This shows that the addition of vegetable flour affects the texture of the tortilla chips.

The higher the concentration of vegetable flour added to the tortilla chips, the higher the Fbreak value or
the tougher texture. The level of crispiness of the tortillas can be indicated by a small or low Fbreak
value, where the less the Fbreak value, the better or more crispy the tortilla is. This is due to a large
amount of moisture that comes out of the gelatinized corn starch granules due to heat treatment so that
cavities are formed in the product which makes these tortilla chips have a crunchy texture [20]. The level
of the crispness of the texture and thickness of the tortilla chips varies greatly because in the manufacture
of tortillas there are no special standards in the processing process so that differences in raw materials, the
concentration of raw materials used, and the stages of making tortilla chips can make the resulting tortilla
chips vary [17]

The fiber content in the tortilla ingredients also affects the crunchiness of the tortilla chips. Fiber is a
polysaccharide found in food and has a function as a texture enhancer. The higher the fiber content in a
food product, the stronger the resulting texture. If the texture of the chip product is getting stronger, the
resulting texture of the chips will be harder and will have high fracture power. A chip product has good




quality if it has low fracture power, resulting in crispy [21]. This is consistent with the results of research
where the higher the concentration of vegetable flour was added, the higher the Fbreak value or the
breaking strength of the tortilla so that the texture was getting harder. Fresh red spinach has a fiber
content of 5.9-9.1% and when used as flour it is 9.45% while beetroot is 1.9-2.1% [22]-[24].

Figure 2. Tortilla texture analysis with Universal Testing Machine (UTM)

4. Conclusion

The addition of vegetable flour to the tortilla chips affect the color and texture of the tortillas. The color of
the tortilla will change according to the color of the pigment in the vegetable flour. The red spinach and
beet tortillas are red and the green spinach and celery tortillas are green. The texture of the vegetable
tortilla chips will get tougher as the concentration of vegetable flour is added. The best and crunchy
texture of the tortilla is found in the 10% beet flour fortified tortilla.
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