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Tortilla chips are snacks with thin and crispy characteristics made from the main 

ingredient of corn flour. This study used white corn flour, tapioca flour, and NaHCO3. In 

this study, white corn flour was used as the main ingredient for making tortilla chips, 

tapioca flour was used as a binder, and sodium bicarbonate was used to add texture. The 

purpose of this study was to determine the effect of the proportion of white corn flour: 

tapioca flour, and the addition of NaHCO3 on the characteristics of tortilla chips and to 

obtain the best treatment based on good physical, chemical, and organoleptic properties, 

and preferred by panelists. The design of this study was a Completely Randomized Design 

(CRD) with two factors, namely the proportion of white corn flour: tapioca flour (90:10, 

80:20, 70:30) and the addition of sodium bicarbonate (0.2%, 0.4%, 0.6%). The best 

treatment was tortilla chips with a proportion of white corn flour: tapioca flour (70:10) 

with the addition of sodium bicarbonate (0.2%). The treatment resulted in a moisture 

content of 8.89%, ash content of 6.00%, protein content of 11.02%, lipid content of 

4.64%, starch content of 60.40%, amylose content of 12.25%, amylopectin content of 

48.15%; and the average organoleptic results showed a color preference score of 3.76 

(like); aroma 3.84 (like); taste 4.16 (like); and texture 3.88 (like), total dietary fiber 

content of 4.71%, and calcium content of 493.85 mg/100g. 
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1. INTRODUCTION 

1.1. Research Background  

Tortilla is a type of chip food made from corn, not consistently round, 

flat, or triangular with a certain thickness [1]. Based on the Central 

Bureau of Statistics in 2022 regarding the global tortilla market 

analysis, it is estimated that it will record an increase in the 2022-2027 

period of 4.9%. This food is well-known by Indonesians, who have a 

savory taste and crunchy texture, so it is often chosen as a snack [2]. 

Tortillas are generally made using only corn as the essential 

ingredient and a few additional ingredients to add flavor [3]. White corn 

was chosen as the object of this study because it has unique 

characteristics that distinguish it from other corn varieties. White corn 

contains nutrients that exceed the nutrients of yellow corn, has a soft 

texture, is delicious, and is resistant to drought [4]. 

The physicochemical properties of tortillas are determined by the 

properties of corn and the addition of flour used as a binder in its 

manufacture [5]. In this regard, combining it with other flours that can 

increase product density, one of which is tapioca flour is necessary. 

mailto:rosidaupnjatim@gmail.com
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Tapioca flour can be one solution for flour that functions as a gluten-

free binder. This follows the statement [6] that adding tapioca flour 

functions to help improve the product's texture. 

Corn flour without pretreatment has a high setback viscosity, so it 

tends to experience retrogradation, resulting in food products 

hardening after cooling [7]. Therefore, it is necessary to have food 

additives in the form of sodium bicarbonate or baking soda, which can 

increase the texture of tortilla products for a long time [8]. 

Based on this, it is necessary to study the factors that affect the 

texture of tortilla chip products so that it can produce quality tortilla 

chip products with good sensory properties and characteristics, 

including those related to the comparison of the proportion of white 

corn flour and tapioca flour and the addition of sodium bicarbonate 

to find out the best formulation and treatment so that it can meet the 

sensory characteristics of the panelists (hedonic) of the resulting 

tortilla chips products. 

1.2. Literature Review 

Tortilla is one of the snack products that is quite popular among the 

people and is a typical Mexican food [9]. Tortilla is a type of chip or 

chip food made from corn; the shape is not always round, flat, or 

triangular, and it has a specific thickness [1]. The characteristics of 

tortillas are yellow, crunchy, thin, have a distinctive smell, are easy to 

break, and have a relatively long shelf life due to their low moisture 

content [10]. 

Corn is one of the plants rich in nutritional content, including 

dietary fiber needed by the body, minerals (Ca, Mg, K, Na, P, Ca, and 

Fe), essential amino acid composition, and others [11]. White corn is 

rich in functional food components, namely dietary fiber, starch, 

amylose, and amylopectin [11], and based on data [12], every 100 

grams of white corn flour contains 7.2 grams of fiber. The starch 

content in white corn is around 73%, with an amylose content of 

27.04% and an amylopectin of 45.96% [13]. 

Tapioca is a starch derived from the extraction of cassava tubers 

(Manihot utilizing POHL) that have been washed and dried [14]. Add 

tapioca to manufacture tortillas to improve the final product's 

appearance and develop the product so that the tortilla becomes crispy, 

increases adhesive power due to the high starch content, and produces 

a crispy texture. Starch contributes to creating a crispy tortilla texture 

and product color brightness, and it has adhesive power [15]. The 

amylopectin content in tapioca flour affects the texture and volume 

development in the manufacture of chips. Tapioca flour has a 

reasonably high amylopectin content of 80% [6]. 

Sodium bicarbonate (NaHCO3) is a leavening agent widely used 

for making chips, crackers, cakes, and cookies [16]. Sodium 

bicarbonate in flake-making ranges from 0.5% to 2.0% [17]. At high 

temperatures, NaHCO3 causes carbon dioxide bubbles to enlarge, so 

the food will expand and produce crispy food [18]. The higher the 

addition of NaHCO3, the higher the volume of tortilla expansion. This 

is because CO2 and water vapor from the decomposition of H2CO3 

have accumulated in air bubbles and expanded and pressed against the 

surrounding walls [19]. 

1.3. Research Objective 

This study aims to determine the effect of the proportion of white corn 

flour, tapioca flour, and the addition of NaHCO3 on the characteristics 

of tortilla chips and to obtain the best treatment based on suitable 

physical, chemical, and organoleptic properties preferred by panelists. 

2. MATERIALS AND METHODS 

2.1. Materials and Tools 

The raw materials used in the manufacture of tortilla products are white 

corn purchased from farmers in Tuban, tapioca flour, sodium 

bicarbonate, anchovies, salt, water, garlic powder, refined sugar, 

margarine, pepper powder, and mineral water purchased at Wonokromo 

Market Surabaya. The materials for analysis are distilled water, NaOH, 

boric acid, bromocresol green solution, methyl red solution, alcohol, 

HCl, petroleum ether (PE), ethanol, I2 2%, acetic acid, methanol, 

HNO3, perchloric acid, DPPH solution, KCL, sodium acetate, alpha-

amylase enzyme distilled water, pepsin enzyme, alpha-amylase 

enzyme, beta-amylase enzyme, ethanol, acetone. 

The equipment used to make tortilla products includes stoves, 

cabinet dryers, blenders, 80 mesh sieves, scales, dough mixers, baking 

pans, spoons, knives, and ovens. The tools used for analysis are 

porcelain cups, measuring cups, desiccators, hotplates,  electric 

furnaces,  Kjeldhal flasks,  destruction, distillation apparatus, soxhlet, 

fat flasks, Erlenmeyer flasks, measuring flasks, pipettes, UV-Vis 

spectrophotometers, texture analyzers, 250 ml volumetric tubes. 

 

Table 1. Treatment Combinations of Tortilla Chips 

White Corn Flour: 

Tapioca Flour 

NaHCO3 

N1 N2 N3 

T1 T1N1 T1N2 T1N3 

T2 T2N1 T2N2 T2N3 

T3 T3N1 T3N2 T3N3 

      Description: 

T1N1 = Proportion of corn flour : tapioca (90:10) and 0.2% NaHCO3 

addition 

T2N1 = Proportion of corn flour : tapioca (80:20) and 0.2% NaHCO3 

addition 

T3N1 = Proportion of corn flour : tapioca (70:30) and 0.2% NaHCO3 

addition 

T1N2 = Proportion of corn flour : tapioca (90:10) and 0.4% NaHCO3 

addition 

T2N2 = Proportion of corn flour : tapioca (80:20) and 0.4% NaHCO3 

addition 

T3N2 = Proportion of corn flour : tapioca (70:30) and 0.4% NaHCO3 

addition 

T1N3 = Proportion ofcorn flour : tapioca (90:10) and 0.6% NaHCO3 

addition 

T2N3 = Proportion of corn flour : tapioca (80:20) and 0.6% NaHCO3 

addition 

T3N3 = Proportion of corn flour : tapioca (70:30) and 0.6% NaHCO3 

addition 

 

The data obtained were processed using Analysis of Variance 

(ANOVA) and continued with Duncan's Multiple Range Test (DMRT) 

to determine the differences between treatments. The results of all tests 

were analyzed using the De Garmo method to determine the product 

with the best treatment results. 

Making of Tortilla Chips 

 

Making tortilla chips begins with preparing ingredients, such as white 

corn flour, which must be washed clean and dried for 2 hours at 50oC. 

The dried corn is then milled and sieved with an 80-mesh sieve. 

Tortillas in this study were added with anchovy flour as a fixed factor. 

Anchovy flour is made from anchovies that have been washed and 

steamed for 20 minutes. The anchovies are then dried for 9 hours and 

ground with a blender. 
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The process of making tortilla chips in this study was modified 

from previous research [20]. Initially, the ingredients were weighed, 

mixing all the raw materials (corn flour, tapioca, NaHCO3) and other 

supporting materials such as anchovy flour, salt, water, garlic, pepper, 

powdered sugar, margarine, and water. The mixed ingredients were 

then kneaded until smooth and steamed for 20 minutes. After 

steaming, the dough was flattened into a thin shape and cut into a 

triangle shape. The dough formed was heated in an oven at 60oC for 

2 hours and fried for 8 seconds. 

2.2. Research Analysis 

2.2.1. Raw Material Evalution 

The raw materials analyzed were white corn flour and tapioca flour. 

The analysis included moisture content, ash content, protein content, 

lipid content, starch content, amylose content, and amylopectin 

content. 

2.2.2. Physicochemical Evalution of Tortilla Chips 

The parameters assessed encompassed moisture content, ash content, 

protein content, starch content, lipid content, amylose content, and 

amylopectin content. For the best treatment, calcium content and 

dietary fiber content were analyzed. 

2.2.3. Evaluation Sensory of Tortilla Chips 

The sensory characteristics chosen for evaluating the quality of the 

tortilla chips included aroma, taste, color, and texture. A total of 25 

panelists were tasked with assessing the product's acceptability 

utilizing a 5-point scale ranging from "strongly prefer" to "strongly 

dislike." The data analysis encompassed the utilization of the 

Friedman tests. 

3. RESULT AND DISCUSSION 

Raw Material Analysis 

Raw material analysis in this study was conducted on white corn 

flour and tapioca flour. The results of the raw material analysis can 

be seen in Table 2. 

 

Table 2. Chemical Composition of white corn flour and tapioca flour 

Analysis 
 Raw material 

White corn flour Tapioca flour 

Moisture Content (%) 7.37 9.80 
Ash content (%) 0.55 1.83 

Lipid content (%) 0.75 0.07 

Protein content(%) 8.77 0.19 

Starch content (%) 71.96 85.74 
Amylose content (%) 15.72 13.72 
Amylopectin content (%) 56.24 72.02 

 

Based on Table 2. The moisture content of white corn flour from 

the analysis results is 7.37% higher than the previous study by [13] of 

5.72%. The analysis results show tapioca flour's moisture content is 

9.80% higher than [12]. The moisture content of tapioca flour is 9.1%. 

The difference in air content is caused by different drying times and 

temperatures. The ash content of white corn flour from the analysis 

results is 0.55% higher than the study [13] of 0.26%. The ash content 

of tapioca flour from the analysis results is 1.83% higher than the 

literature, which is 1.1% [12]. According to [23], the ash content value 

depends on the type of material, ashing method, time, and temperature 

used during drying [24]. 

The lipid content of white corn flour from the analysis results is 

0.75%, higher than the study [13], which is 0.39%. The lipid content of 

tapioca flour from the analysis results is 0.07% lower than the literature, 

which is 0.5% [12]. The protein content of white corn flour from the 

analysis results was 8.77%, higher than that of the study [13], which 

was 8.01%. The protein content of tapioca flour from the analysis 

results was 0.19% higher than the literature, which was 1.1% [12]. This 

difference is caused by different drying processes related to the 

temperature and time used. [25] stated that heating too long at high 

temperatures will cause protein denaturation. 

The starch content of white corn flour from the analysis results was 

71.96% lower than the previous study, which was 73% [13]. Based on 

the analysis results, the starch content of tapioca flour was 85.74%, 

which followed the literature, namely that the tapioca starch content 

must be more than 75% [21]. 

Differences in starch content can be influenced by variety, harvest 

age, genetic factors, environment, and processing methods [22]. The 

starch content will affect the amylose and amylopectin content of a 

material. The percentage of amylose and amylopectin in the starch flour 

will affect the solubility and degree of starch gelatinization. 

3.1. Physicochemical Analysis of Tortilla Chips 

Physicochemical analysis of tortilla chips includes analysis of moisture 

content (%), ash content (%), lipid content (%), protein content (%), 

starch content (%), amylose content (%), and amylopectin content (%). 

3.1.1. Moisture Content 

The results of the ANOVA analysis showed a significant interaction (P 

≤ 0.05) between the treatment of the white corn flour: tapioca flour and 

the addition of NaHCO3 on the moisture content of tortilla chips. Figure 

1 shows that the higher the proportion of tapioca flour or the lower the 

proportion of white corn flour and the lower the addition of NaHCO3, 

the higher the moisture content increases. 

 
Figure 1. The Relationship Between the Proportion of White Corn 

Flour: Tapioca Flour and the Addition of NaHCO3 on the Moisture 

Content of Tortilla Chips 

 

The starch content influences the moisture content in the 

ingredients used. The higher the starch content in a product, the higher 

the moisture content. This follows the statement [26] that starch has a 

high water binding capacity because the number of hydroxyl groups in 

starch is high, so water is challenging to evaporate during drying. 

Adding NaHCO3 also affects the moisture content in tortilla chips 

because the NaHCO3 compound can bind water. The higher the 

concentration of NaHCO3 in the dough, the more water is bound, so 

during the baking process, there is a release of CO2 gas, and the process 

of releasing bound water is easier [27]. 
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3.1.2. 3.2.2 Ash Content 

Ash content is the inorganic residue left after the organic material has 

burned out, where the higher the ash content in food, the higher the 

mineral content [28]. The results of the ANOVA analysis showed a 

significant interaction (P ≤ 0.05) between the treatment of the 

proportion of white corn flour: tapioca flour and the addition of 

NaHCO3 on the ash content of tortilla chips. Based on Figure 2. shows 

that the higher the proportion of tapioca flour or the lower the proportion 

of white corn flour and the higher the addition of NaHCO3, the ash 

content increases.  

Table 3: Physicochemical Characteristics of Tortilla Chips 

Treatment 
Moisture 

(%) 

Ash 

(%) 

Lipid 

(%) 

Protein 

(%) 

Starch 

(%) 

Amylose 

(%) 

Amylopectin 

(%) 

T1N1 4.67±0.04 4.45±0,04 7.88±1.92 13.67±0.61 58.42±0.04 13.32±0.13 45.10±0.17 

T1N2 4.45±0.07 4.71±0,02 7.46±1.42 14.26±1.97 58.62±0.04 13.21±0.04 45.41±0.00 

T1N3 4.09±0.04 4.93±0,08 7.07±1.61 14.26±0.39 58.88±0.12 13.27±0.11 45.61±0.01 

T2N1 6.90±0.01 5.15±0,04 6.69±0.98 12.68±0.61 59.57±0.14 13.27±0.20 46.30±0.34 

T2N2 6.76±0.06 5.28±0,04 6.63±0.86 13.27±1.97 59.82±0.09 12.53±0.97 47.29±1.06 

T2N3 6.28±0.11 5.41±0,03 6.42±0.16 13.13±0.39 59.84±0.07 12.44±0.89 47.40±0.82 

T3N1 8.87±0.06 6.00±0,07 4.64±0.20 11.02±0.52 60.40±0.05 12.25±0.57 48.15±0.62 

T3N2 8.52±0.02 6.16±0,01 5.58±0.42 11.30±0.35 60.54±0.05 12.16±0.78 48.38±0.76 

T3N3 8.35±0.07 6.23±0,04 5.01±0.09 10.84±0.12 60.63±0.22 11.73±0.20 48.90±0.02 

The land area has a calculated t value > t table, 3.057 > 1.991, 

which means the land area has a real effect on rice production in 

Madang Suku I District, East OKU Regency, at a 95% confidence 

level. The land area coefficient value is 0.642, meaning that if the land 

area used by farmers to carry out rice farming activities increases by 

0.642%, then rice production in Madang Suku I District, East OKU 

Regency, will increase by 0.642% with the assumption that other 

variables are considered zero or constant. These results align with 

research by [14] and [15], which states that land area factors directly 

influence rice production.  

Labor has a value of t calculated < t table, namely 4,816 < 1.991, 

which means that labor has a real influence on rice production in 

Madang Suku I District, East OKU Regency, at a 95% confidence 

level. The labor regression coefficient is 0.594, meaning that if the 

labor used by farmers to carry out rice farming activities increases by 

0.594%, then rice production in Madang Suku I District, East OKU 

Regency, will increase by 0.594% with the assumption that other 

variables are considered zero or constant. 

The labor variable significantly affects Madang Suku I District, 

East OKU Regency rice production. These results align with research 

by [16], which states that labor influences rice production. When the 

workforce decreases, rice production will decrease in Madang Suku I 

District, East OKU Regency. This is because the number of workers 

producing rice plants in Madang Suku I District, East OKU Regency, 

is much needed due to the high rice productivity in Madang Suku I 

District, East OKU Regency. 

This is proven by the theory of the law of diminishing returns, 

which means that if we add one factor of production, in this case, 

labour. At the same time, if the land area is considered constant, then 

productivity will decrease. This theory comes from David Ricardo's 

theory. According to Ref. [17], research shows that labour 

significantly affects rice production. These results align with the 

findings of [18] and [19], which stated that labour factors directly 

influence rice production. 

Tapioca flour has a high ash content, and NaHCO3 also has a high 

ash content. Based on Table 2. it can be seen that the ash content of 

tapioca flour (1.83%) is higher than the ash content of white corn 

(0.55%), so that the formulation with a higher amount of tapioca flour 

produces a product with a higher ash content than other treatments. 

The ash content of the raw materials influenced the ash content in this 

study. According to [29] NaHCO3 contains quite high inorganic or 

mineral components. In 100 grams of NaHCO3 contains an ash content 

of 63.1%, so the greater the concentration of NaHCO3 in a food 

ingredient made, the higher the minerals contained in the food 

ingredient. 

 

 

Figure 2. The Relationship Between the Proportion of White Corn 

Flour: Tapioca Flour and the Addition of NaHCO3 on the Ash Content 

of Tortilla Chips 

 

3.1.3. Lipid Content 

The results of the ANOVA analysis showed a significant interaction (P 

≥ 0.05) between the treatment of the proportion of white corn flour: 

tapioca flour and the addition of NaHCO3 on the lipid content of tortilla 

chips. However, the treatment of the proportion of white corn flour: and 

tapioca flour showed a very significant effect (P ≤ 0.05) on the lipid 

content of tortilla chips. The lipid content values in Table 3. show that 

the average lipid content of tortilla chips with the treatment of the 

proportion of white corn flour and tapioca flour ranged from 5.01% to 

7.88%. The higher the proportion of white corn flour or the lower the 

proportion of tapioca flour, the higher the lipid content. Corn flour has 

a higher lipid content than tapioca flour, as seen in Table 2—the lipid 

content of white corn flour (5.15%) and tapioca flour (0.07%). 

The addition of NaHCO3 in the manufacture of tortilla chips did not 

significantly affect the lipid content of tortilla chips. This is because 

NaHCO3 is a food additive that does not contain lipids. The quality 

requirements for snacks in [30] state that the maximum lipid content of 

snack products is 30% without frying and 38% with frying. Compared 

to the standard, all treatments have a lipid content that follows the 

established standard, below 38%. 
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3.1.4. Protein Content 

The results of the ANOVA analysis showed a significant interaction 

(P ≥ 0.05) between the treatment of the white corn flour: tapioca flour 

and the addition of NaHCO3 on the protein content of tortilla chips. 

However, the treatment of the proportion of white corn flour: tapioca 

flour showed a significant effect (P ≤ 0.05) on the protein content of 

tortilla chips. The protein content values in Table 3. show that the 

average protein content of tortilla chips with the treatment of the 

proportion of white corn flour: tapioca flour ranged from 10.84% to 

14.26%. The higher the proportion of white corn flour or the lower 

the proportion of tapioca flour, the higher the protein content. This is 

because white corn flour has a higher protein content than tapioca 

flour, as shown in Table 2. The protein content of white corn flour 

(8.77%) and tapioca flour (0.19%). 

The addition of NaHCO3 in the manufacture of tortilla chips did 

not significantly affect the protein content of tortilla chips. This is 

because NaHCO3 is a food additive that does not contain protein. The 

high or low protein content can also be influenced by the amount of 

moisture lost from the material during manufacturing. The protein 

content value is greater if the moisture content lost is greater [31]. This 

follows the statement [32] that during drying, there is a decrease in 

moisture content, which can increase the nutrients in the remaining 

mass, so the amount of protein in cooked food is higher than in raw 

food. The quality requirements for snacks in [30] stipulate a protein 

content of more than 5%. Compared to the standard, all treatments 

have a protein content that follows the standard set, namely more than 

5%. 

3.1.5. Starch Content 

Starch is a type of carbohydrate in the form of a glucose polymer 

consisting of amylose and amylopectin [33]. In the treatment of the 

proportion of white corn flour: tapioca flour, there was a very 

significant effect (P ≤ 0.05) on the starch content of tortilla chips. The 

starch content values in Table 3. show that the average starch content 

of tortilla chips with the treatment of the proportion of white corn flour 

tapioca flour ranged from 58.42% to 60.63%. Based on Table 2., it 

can be seen that the starch content of tapioca flour (85.74%) is higher 

than the ash content of white corn (71.96%), so the formulation with a 

higher amount of tapioca flour produces a product that has a higher 

starch content than other treatments. This follows the statement Ref. 

[34] that the starch content of the product is influenced by the starch 

content of the raw materials; the more ingredients containing high 

starch are added, the higher the starch content of the product. The 

addition of NaHCO3 in the manufacture of tortilla chips has no 

significant effect on the starch content of tortilla chips. This is because 

NaHCO3 is a food additive that does not contain starch. 

3.1.6. Amylose Content 

The amylose content can affect the product's texture; the higher the 

amylose content is added, the lower the product's texture. This is 

because amylose has a water absorption capacity, and the product's 

elasticity decreases, increasing the hardness [35]. In treating the 

proportion of white corn flour: tapioca flour showed a significant 

effect (P ≤ 0.05) on the amylose content of tortilla chips. Based on 

Table 3. it can be seen that the higher the proportion of white corn 

flour, the amylose content in tortilla chips increases, this is because 

the amylose content in white corn flour is 15.72% higher than tapioca 

flour, 13.72%, as can be seen in Table 2. The results of the anova 

analysis showed that the addition of NaHCO3 had no significant effect 

on the amylose content in tortilla chips. This is because NaHCO3 does 

not contain amylose. 

3.1.7. Amylopectin Content 

The higher the amylopectin content in the product, the higher the 

product's texture level. This is because amylopectin stimulates the 

process of blooming (puffing) in the product, so the resulting food 

product has crispy, light, porous and crunchy properties [35]. In treating 

the proportion of white corn flour, tapioca flour showed a significant 

effect (P ≤ 0.05) on the amylopectin content of tortilla chips. Based 

on  Table 3. it can be seen that the higher the proportion of tapioca flour 

or the lower the proportion of white corn flour, the higher the 

amylopectin content in tortilla chips; this is because the amylopectin 

content in tapioca flour is higher than that of white corn flour which can 

be seen in Table 2. The results of the anova analysis showed that the 

addition of NaHCO3 had no significant effect on the amylopectin 

content in tortilla chips. This is because NaHCO3 does not contain 

amylopectin. 

3.2. Sensory Analysis 

3.2.1. Aroma 

The highest aroma preference was obtained in Tortilla chips with 

the proportion of white corn flour: tapioca flour (70:30) with the 

addition of 0.6% NaHCO3, getting an average value of 3.84 (like). 

Aroma preference in tortilla chips decreased along with the increasing 

proportion of white corn flour and the decreasing percentage of 

NaHCO3. This is because white corn flour has a distinctive aroma that 

the panelists do not like. This follows the statement [38] that corn flour 

has a unique smell; the more corn flour is added to a product, the more 

dominant the corn aroma will be. 

3.2.2. Color 

The highest color preference was obtained in Tortilla chips with the 

proportion of white corn flour: tapioca flour (70:30) with the addition 

of 0.2% NaHCO3, getting an average value of 3.76 (like). The color 

preference of tortilla chips decreased with the increase in tapioca flour 

and the addition of NaHCO3. The more tapioca flour was added, the 

more the color of the tortilla chips produced. The color change occurred 

due to the Maillard reaction in the frying process of tortilla chips. This 

Maillard reaction occurs because of the high carbohydrate content. The 

carbohydrate content in tapioca flour is higher than white corn flour, so 

the color produced by tortilla chips with higher tapioca flour will be 

darker. Based on the statement Ref.  [39], the Maillard reaction is a 

reaction that occurs between carbohydrates containing reducing sugars 

with primary amine groups which will produce brown or melanoidin. 

The addition of NaHCO3 also affects the color of tortilla chips. The 

more NaHCO3 was added, the browner the tortilla chips became. This 

is because NaHCO3 reacts with carbohydrates, according to Ref.[40] the 

addition of sodium bicarbonate causes an increase in the reaction 

between NaHCO3 and carbohydrate polymers so that the color of the 

tortilla chips becomes increasingly brown.Taste 

The highest taste preference was obtained in tortilla chips with the 

proportion of white corn flour: tapioca flour (70:30) with the addition 

of 0.2% NaHCO3 getting an average value of 4.16 (like). Taste 

preference in tortilla chips decreased along with the increasing 

proportion of white corn flour. This is thought to be because the taste 

of white corn flour, which is too dominant, is not liked by the panelists.  
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According to Ref. [41], adding corn flour increases the taste and 

aroma of the corn flour produced, so the more corn flour is added, the 

more flavor will be felt. The panelists did not like the addition of 

NaHCO3 at a concentration of 0.6% because it gave a less pleasant 

taste. According to [42], adding too much NaHCO3 causes a bitter 

taste. 

3.2.3. Texture 

The highest texture preference was obtained in tortilla chips with the 

proportion of white corn flour: tapioca flour (90:10) with the addition 

of 0.2% NaHCO3, getting an average value of 3.96 (like). The texture 

preference of tortilla chips decreased along with the increasing 

proportion of tapioca flour and NaHCO3.  This is thought to be because 

the panelists did not like the texture of tortilla chips that were too 

crispy or easily crumbled. The amylopectin content influences the 

texture of tortilla chips in the raw materials. Tapioca flour has a higher 

amylopectin content than white corn flour. According to [22], starch 

with high amylopectin content tends to produce products with 

characteristics that are easily crumbled and crunchy. The addition of 

NaHCO3 also affects the texture of the product. The higher the 

concentration of NaHCO3, the higher the amount of CO2 produced, 

so the resulting product will also be crispier and more easily crumbled 

[36]. 

4. CONCLUSION 

There is significant interaction between moisture content, ash content, 

color, taste, and texture, but no interaction on the protein content, lipid 

content, starch content, amylose content, amylopectin content, and the 

aroma preference score of tortilla chips. The best treatment is the 

proportion of white corn flour: tapioca flour 70:30 with the addition of 

NaHCO3 0.2% which has a moisture content of 8.89%, ash content of 

6.00%, protein content of 11.02%, a lipid content of 4.46%, the starch 

content of 60.40%, amylose content of 12.25%, amylopectin content 

of 48.15%, texture of 312.85 gf, total dietary fiber content of 

4.71%, t h e  calcium content of 493.85 
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