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INTRODUCTION 
Type 2 Diabetes Mellitus (T2DM) is a chronic 

disease caused by decreased insulin sensitivity or 
insufficient insulin production, characterized by elevated 
blood glucose levels. According to the RISKESDAS (2018) 
report, 2% of Indonesians aged over 15 years were 
diagnosed with Type 2 of Diabetes Mellitus (T2DM) by a 
doctor. This figure reflects a 0.5% increase in the 
prevalence of T2DM compared to the RISKESDAS (2013) 
report, which recorded a prevalence of 1.5%. The 
prevalence of T2DM, based on blood glucose levels, also 
increased from 6.9% in 2013 to 8.5% in 2018. This 
indicates that only about 25% of individuals with T2DM 
are aware of their condition4. 

The International Diabetes Federation (IDF) 
estimated that approximately 463 million people aged 
20–79 worldwide was living with Diabetes Mellitus (DM) 
in 2019. According to gender, The International Diabetes 
Federation estimates that the prevalence of DM is higher 
in men (9.65%) than in women (9%). The number of 

individuals with DM is projected to increase, reaching 578 
million by 2030 and 700 million by 20455. 

Unhealthy dietary habits and lifestyles are the 
leading causes of the rising prevalence of DM patients6. 
One example of an unhealthy lifestyle is the habit of 
consuming snacks, such as chips,  during activities like 
social gatherings, watching TV, or as accompaniments to 
tea or coffee7. Chips often have low nutritional value and 
are high in calories and sodium, which can contribute to 
excessive body fat accumulation––a major risk factor for 
the development of T2DM8.   

Gluten intake is closely associated with 
carbohydrate consumption, particularly from processed 
grains, starches, and cereals, which are commonly used 
as primary ingredients in snacks such as chips9. For 
individuals sensitive to gluten, consuming it can trigger 
inflammation, potentially exacerbating metabolic 
conditions and contributing to insulin resistance, thereby 
increasing the risk of T2DM10. Research indicates that 
gluten consumption is associated with autoimmune 
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ABSTRACT 
Background: The World Health Organization (WHO) recommends consuming low 
glycemic index (GI) foods to manage blood glucose. The GI value of foods is influenced 
by the ratio of amylose to amylopectin and also the addition of bioactive compounds. 
Spirulina platensis is a type of microalgae rich in bioactive compounds, including 
phenolic acids and volatile compounds. 
Objectives: This study aimed to evaluate the glycemic index (GI) levels and organoleptic 
properties of chips made from gluten-free composite flour enriched with Spirulina sp. 
Methods: The research design was experimental. Three  formulations were tested: A413 
(mocaf: 30%; cornstarch: 20%; corn grits: 20%; tapioca: 30%), A531 (mocaf: 30%; 
cornstarch: 20%; corn grits: 10%; tapioca: 40%), A249 (mocaf: 30%; cornstarch: 10%; 
corn grits: 20%; tapioca: 40%). The GI testing involved 10 respondents who met the 
following criteria: normal BMI, aged 20-40 years, drug-free, non-smoking, non-drinking, 
no history of chronic diseases, not pregnant or breastfeeding. The GI value was 
calculated based on the area under the curve (AUC) of blood glucose measurement 
before and after consuming the standard and test food at 0, 30, 60, 90 and 120 minutes. 
Organoleptic testing was conducted using a hedonic test with 35 semi-trained panelists. 
Results: Formula A531 had the lowest GI value (GI = 28) among the three formulations. 
There was no significant difference in scent and flavor between the three formulations. 
However, formula A531 was the most preferred in terms of texture (p-value = 0.029) 
and crispiness (p-value = 0.050) compared to the other formulations. 
Conclusions: Gluten-free chips enriched with Spirulina sp. (Formula A531) can serve as 
a healthy, low-glycemic-index snack alternative that is acceptable to consumers. 
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responses that affect pancreatic β-cells, which are 
responsible for insulin production. This disruption can 
impair metabolism and glucose regulation, leading to 
uncontrolled blood sugar levels11. Consuming low-
glycemic-index (GI) foods is an effective non-
pharmacological approach to controlling blood glucose 
levels12. Such foods have been shown to significantly 
reduce fructosamine levels in patients with DM13. 
Fructosamine, a stable ketoamine formed by the non-
enzymatic reaction between glucose and amino acids, is 
commonly used as a biological marker for monitoring 
blood glucose control. Consuming low-GI foods 
effectively supports blood glucose regulation13. The 
World Health Organization (WHO) recommends 
consuming low-GI foods to improve blood sugar control 
while maintaining appropriate carbohydrate intake6. 
Additionally, avoiding gluten-containing foods can help 
reduce inflammation and prevent spikes in blood glucose 
levels8. 

The glycemic index (GI) of food is influenced by 
various factors, including the characteristics of the 
ingredients, particle size/surface area, ingredients types, 
and processing methods14. The polysaccharide content, 
particularly amylose, in food contributes to a lower GI 
value15. Another factor influencing the GI of foods is the 
presence of bioactive components, such as polyphenols. 
Digestive enzymes typically break down complex starch 
bonds through hydrolysis. However, the formation of 
complexes between starch and polyphenols inhibits 
these enzymes, preventing the starch from being broken 
down into simpler forms like glucose. The more intricate 
the starch-polyphenol bonds in food products, the less 
starch is hydrolyzed, resulting in reduced starch 
digestibility. This, in turn, lowers the insulin response and 
subsequently reduces blood glucose levels6.  

Spirulina platensis is a type of microalga that is 
rich in bioactive compounds, making it a promising 
candidate for functional food applications16. The 
polysaccharides produced by Spirulina platensis, such as 
immulina and immurella,  are complex and possess 
biological activities that may help prevent various 
diseases. Additionally, Spirulina platensis contains 
various bioactive compounds, including phenolic 
compounds (e.g., caffeic acid, ferulic acid, p-coumaric 
acid) and folate derivatives (e.g., carbonyl, alcohol, 
aldehyde, ester, terpene)17. Spirulina platensis is 
characterized by its high phycocyanin content, which 
imparts a deep bluish-green color and exhibits proven 
antioxidant activity.18 

Antioxidant supplementation has been shown to 
effectively prevent complications resulting from 
oxidative stress caused by hyperglycemia in patients with 
T2DM19. The phycocyanin present in Spirulina 
platensis inhibits the activity of enzymes α-amylase and 
α-glucosidase, which are key enzymes involved in 
carbohydrate digestion. These enzymes catalyze the 
hydrolysis of oligosaccharides into glucose, facilitating its 
absorption in the small intestine. Inhibiting these 
enzymes slows the rate of carbohydrate digestion, 
resulting in reduced glucose absorption and transport 
into circulation20. 

The formulation of functional foods that combine 
low-GI ingredients with antioxidant-rich Spirulina 

platensis is expected to provide a healthy alternative for 
controlling blood glucose levels in patients with T2DM. 
Maintaining controlled blood glucose levels can reduce 
the risk of complications and improve the quality of life 
for individuals with diabetes. This study aims to evaluate 
the glycemic-index (GI) and organoleptic properties of a 
composite gluten-free flour-based chip formulation 
enriched with Spirulina sp. 

 
METHODS 
Design, Time, and Place 

The research design was experimental. The study 
was divided into three stages. The first stage involved the 
development of the product with three different 
composition variations. The second stage included the 
organoleptic and glycemic index testing of the product. 
The third stage focused on testing the product’s 
nutritional content. The research was conducted from 
October 2023 to February 2024 at the Dietetics and 
Culinary Laboratory, Organoleptic Laboratory, PSG 
Laboratory, and Chemistry Laboratory of the Health 
Faculty at Universitas Muhammadiyah Gresik. This 
Research was approved by the Research Ethics Clearance 
(KEP) of Universitas Muhammadiyah Gresik (Approval 
Number: 240/KET/II.3.UMG/KEP/A/2023), issued in 
September 2023. 
 
How To Make Product 

The product formula was based on the main 
ingredients for making chips, which included mocaf flour, 
cornstarch, millet corn, and tapioca. Each formula was 
enriched with 2% organic Spirulina platensis powder 
sourced from The Little Herbalist. The three formulations 
group were as follows: A413 (mocaf: 30%; cornstarch: 
20%; millet corn: 20%; tapioca: 30%), A531 (mocaf: 30%; 
cornstarch: 20%; millet corn: 10%; tapioca: 40%), and 
A249 (mocaf: 30%; cornstarch: 10%; millet corn: 20%; 
tapioca: 40%). The tools used to make the product 
included a blender, oven, cookie cutters, baking tray, 
knife, and mixing bowl. The steps for product preparation 
are shown in Figure 1. 
 
Calculation Test Food 

The number of Spirulina chips provided was 
calculated based on the carbohydrate content of the 
product, equivalent to 25 grams of carbohydrates from 
pure glucose. The amount of test food was calculated 
using the following formula: 

 

Total Sample =
25 gram

Carbohydrate sample
 𝑥 100% 

 
Previous research determined the carbohydrate 

content of the formulas, with the result as follows: A413 
contained 81.6% carbohydrates, A531 contained 82.3%, 
and A249 contained 80.12%. Based on these calculations, 
the amount of Spirulina chips provided to the 
respondents was as follows: A413 = 31 g, A531 = 30 g, and 
A249 = 31 g. 
 

Glycemic Index Test 
The glycemic index (GI) test was conducted with 

10 respondents who met specific inclusion criteria. These 
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criteria included having normal nutritional status (BMI: 
18.5–22.9 kg/m²), being between 20–30 years old, not 
taking medications regularly, being non-smokers and 
non-drinkers, having no history of chronic diseases (e.g., 
diabetes, kidney disease, or liver disease), and not being 
pregnant or breastfeeding. Before participating, 
respondents provided informed consent by completing a 
consent form.  

The GI measurement procedure began after an 
8–10-hour fasting period, during which blood glucose 
levels were first measured (minute 0). Prior to fasting, 
respondents were instructed to eat regular meals 
(neither excessive nor restricted) and to avoid intense 
physical activity. For the initial test, respondents 
consumed the standard food which consisted of 28 g of 

pure glucose dissolved in 200 ml of water. Blood glucose 
measurements were taken at 30, 60, 90, and 120 minutes 
after consuming the glucose solution.  

The same procedure was repeated with the test 
food (Spirulina chips), with a one-week interval 
separating the standard food and test food tests. Blood 
glucose levels were plotted on two axes: time (minutes) 
on the X-axis and blood glucose levels (mg/dL) on the Y-
axis. The GI value was calculated by determining the area 
under the curve (AUC) for the blood glucose response to 
the Spirulina chips, comparing it to the AUC for pure 
glucose, and multiplying the result by 10021. Foods were 
classified into three categories based on their GI value: 
low GI (<55), moderate GI (55–70), and high GI (>70)22. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Steps Product Preparation 

The dry ingredients, consisting of mocaf 
flour, cornstarch, corn meniran, and tapioca 
flour, are mixed together in a container 
(total dry ingredients = 100g) 

The seasonings (shallots, 
garlic, and salt), vegetable oil 
(10g), and one egg are 
blended until smooth and 
homogeneous 

The dry ingredients and 
the seasonings are mixed  

The dough is weighed at 4g, then flattened on a baking 
sheet 

The dough was baked in the oven at 100°C for 15 to 
20 minutes. 

The chips waiting for cool by airing it out, then 
stored in an airtight container 

All ingredients are prepared in a 
container 

The dough is kneaded 
until smooth and elastic 
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Organoleptic Test  
The organoleptic test was conducted using a 

hedonic scale involving 35 semi-trained panelists aged 
20–40 years. These panelists had prior experience or 
education in food sensory evaluation and had passed a 
sensory quality sensitivity test conducted by the 
researcher23. During the test, panelists provided 
subjective evaluations of Spirulina chips based on taste, 
aroma, texture, flavor, and color. Their responses were 
recorded on a hedonic scale ranging from 1 to 5 , where 
1 indicated “Strongly dislike,” 2 “Dislike,” 3 “Neutral,” 4 

“Like,” and 5 “Strongly like.”24. 

 
Nutritional Test 

The nutritional analysis of the Spirulina chips 
included the following parameters: 

• Moisture and Ash Content: determined using the 
gravimetric method 

• Fat Content: measured using the Soxhlet method 

• Protein Content: measured using the Kjeldahl 
method 

• Carbohydrate Content: calculated by difference 
 
Data Analysis 

The GI value was calculated by determining the 
area under the curve (AUC) for blood glucose 
measurements after consuming Spirulina chips and 
comparing it to the AUC for blood glucose measurements 
after consuming the standard food (pure glucose). The 
result was then multiplied by 100 to obtain the GI value.  

The organoleptic test data were analyzed using non-
parametric statistical methods in SPSS, employing the 
Kruskal-Wallis test and a post-hoc test with the 2-
independent sample (Mann-Whitney) test. Significant 
differences were assessed using the 2-independent 
sample (Mann-Whitney) test. 
 
RESULTS AND DISCUSSIONS 
Glycemic Index Test 

The GI value represents the ability of 
carbohydrate-containing foods to influence blood 
glucose response21. In this study, the average blood 
glucose levels of respondents who consumed pure 
glucose were as follows: minute 0 = 99 mg/dL, at minute 
30 = 160 mg/dL, at minute 60 = 148 mg/dL, at minute 90 
= 110 mg/dL, and at minute 120 = 97 mg/dL. These results 
show a sharp rise in blood glucose levels at 30 minutes 
after consuming pure glucose, followed by a steady 
decline from 60 to 120 minutes. In comparison, the blood 
glucose levels after consuming Spirulina chips peaked at 
minute 60 and then declined. Unlike the pure glucose 
results, the blood glucose curve for Spirulina chips was 
much flatter and remined so up to minute 120 (Figure 2). 

The calculated GI values for the test foods were 
as follows: Formula A413 had a GI value of 33, Formula 
A531 had a GI value of 28, and Formula A249 had a GI 
value of 34. All three chip formulations, made with 
composite gluten-free flour and enriched with Spirulina 
sp., were classified as having a low GI (<55). This finding 
suggests that using composite gluten-free flour enriched 
with Spirulina platensis as the main ingredient in chips 
may help minimize blood glucose spikes. 

 
                                                     (a)                                                                                                                (b) 

 

 

 

 

 

 

 

 

 

 
(c) 

Figure 2. The Comparison of The Blood Glucose Response After Consumed Glucose and Formulation  
of A413, A531, and A249  

 
Several studies have explored the glycemic index 

(GI) of gluten-free snack formulations. For example, a 
snack bar made from “kepok” banana flour and mung 
bean flour had a GI value of 33.2, classifying it as low GI26. 
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Similarly, research by Ningrum et al. (2022) investigated 
modified chips made from “bandeng” and “kenikir” 
leaves, combined with a mixture of mocaf flour, 
cornstarch, and tapioca flour, which resulted in a low GI 
value of 26.327. Additionally, Trisnawati (2017) studied 
chips formulated with rice bran flour and pumpkin flour, 
which had a GI value of 51, also within the low GI range. 
In contrast, commercially available were found to have a 
high GI value of 8728.  

The glycemic index of food is influenced by its 
polysaccharide content, particularly amylose. Amylose, a 
resistant form of starch, is digested more slowly, resulting 
in a gradual  release of glucose into bloodstream and a 
lower GI15. Another key factor is the presence of bioactive 
compounds such as polyphenols. Digestive enzymes are 
responsible for breaking down complex starch bonds 
through hydrolysis. However, the formation of complex 
compounds between starch and polyphenols prevents 
digestive enzymes from breaking these bonds into 
simpler forms (e.g., glucose). This process can reduce 
insulin response, contributing to lower blood glucose 
levels29.  

When carbohydrates are consumed, the body 
signals the pancreas to respond. The intake of 
carbohydrates causes blood glucose levels to rise, 
prompting the β-cells of the pancreas release insulin. 

Insulin facilitates the entry of glucose into cells by 
opening the cell membranes. Once inside the cells, 
glucose is used as fuel to produce energy. Insulin plays a 
crucial role in metabolic processes, particularly by 
increasing the rate of glycolysis and glycogenesis in 
muscles and the liver. It also enhances the synthesis of 
lipids and proteins derived from glucose21. Foods with a 
low glycemic index (GI) are broken down into 
monosaccharides (glucose) slowly and gradually. This 
results in a lower and more stable peak in blood glucose 
levels, preventing extreme fluctuations. Such gradual 
increases in blood glucose are especially important for 
individuals with diabetes (DM), as they allow for better 
blood sugar control25. 
 
Organoleptic Test 

Organoleptic testing, also known as sensory 
evaluation, is based on the assessment of the senses, 
involving both physiological and psychological aspects. It 
entails recognizing the properties of a product based on 
the stimuli received by the sensory organs. In this study, 
three samples––A413, A531, and A249––which 
evaluated for their color, aroma, taste, texture, and 
crispness. The samples used for the organoleptic testing 
are shown in Figure 3. 

 
 
 
 
 
 
 
 

 
Figure 3. The Chips Sample for Organoleptic Test 

 
Based on assessments from 35 moderately 

trained panelists, significant differences were observed 
among the three formulas in terms of color, texture, and 
crispness (Table 1). Sample A413 was preferred in terms 
of color (3.5 ± 0.6) compared to the other samples. 
Sample A531 had an advantage in texture and crispness 

over sample A249, although there its texture was no 
significantly different from that of A413. While A531 was 
preferred for texture and crispness, there was no 
significant difference in the overall sensory quality ratings 
between A413 and A531 (p-value > 0.05). 

 
Table 1. Results of the Organoleptic Test  

Sample Color Aroma Taste Texture Crispness Average 

A413 3.5 + 0.6a 3.4 + 0.7a 2.8 + 0.8a 2.8 + 0.7ab 2.7 + 0.8a 3.1 + 0.4a 

A531 3.1 + 0.7b 3.0 + 0.8a 3.1 + 0.7a 3.0 + 0.5b 3.1 + 0.9b 3.1 + 0.5a 

A249 2.9 + 0.6b 3.0 + 0.7a 2.8 + 0.7a 2.6 + 0.7a 2.8 + 0.6a 2.9 + 0.5b 

p-value1 0.003* 0.110 0.309 0.029* 0.050* 0.048* 
1) Kruskal-Wallis Test (followed by post-hoc Mann-Whitney U test, *) significant at p-value<0.05; different superscript letters 
(a,b) indicate significant differences between samples 
 

The differences in composition of the main 
ingredients for each sample clearly resulted in varying 
sensory responses. Crispness is a critical quality 
parameter for chip products, as it significantly impacts 
the overall eating experience. Additionally, chips are a 
type of snack that primarily emphasize appearance and 
texture, which play a significant role in consumer 
preference. The texture, particularly crispness, often 
influences the first impression of the product, making it a 
critical factor in the sensory evaluation of chips30. The 

higher composition of tapioca flour (40%) in Sample A531 
positively influenced its crispness. Tapioca contains high 
levels of amylopectin, which influences the texture of the 
final product. Starches with higher amylopectin content 
tend to form a more flexible, non-rigid gel, whereas 
starches with lower amylopectin content form firmer, 
more rigid gels. The high amylopectin content in tapioca 
starch allows it to absorb more water due to the greater 
number of hydroxyl groups in its starch molecules. As the 
proportion of tapioca flour increases in the product, the 

(a) (b) (c) 
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amylopectin content also increases, resulting in greater 
water absorption during the baking process. This causes 
the starch to swell, rupture, and absorb more water, 
contributing to better crispness in the final product.31.  

As a result, Spirulina chips with higher tapioca 
flour content, such as Sample A531, are crispier. Although 
statistically, there was no significant difference in the 
overall sensory quality ratings between A413 and A531, 
Formula A531 excelled in the most important sensory 
parameters for chip products––texture and crispness. 
This made A531 the preferred choice for these attributes, 
even though the overall sensory scores were similar 
across formulas. 

 

Nutritional Product  
The nutritional analysis of the chips focused on 

macronutrients, including carbohydrates, protein, fat, 
water, and ash. The results showed that the average 
carbohydrate content across the samples ranged from 80 
to 82 g per 100 g of product, with Formula A531 showing 
a comparable carbohydrate profile. The differences in 
carbohydrate content across the formulas were minimal 
because the main ingredients were the same, with only 
slight variations in their proportions. Carbohydrate 
contributed to approximately 320 kcal per 100 g of the 
product. The proximate analysis results are presented in 
Table 2. 

 
Table 2. Nutritional Composition of 100 g of Spirulina Chips 

Nutritional Composition A413 (g) A531 (g) A249 (g) 
Carbohydrate 81.64 82.32 80.12 

Protein 8.91 8.79 8.65 
Fat 2.11 2.03 1.91 

Water 4.78 4.37 4.22 
Ash 2.56 2.49 2.31 

 
The protein, fat, water, and ash content in 

Formula A413 were the slightly higher than in the other 
two formulas, although the differences were small (Table 
2). The primary protein source in all three products was 
eggs and spirulina, with equal amounts used across all 
formulations. Similarly, the fat content was derived from 
vegetable oil, with 10 g added to each formula. These 
consistent ingredient proportions contributed to the 
minimal variations in nutrient composition between the 
formulas. 

In general, regulations established by the 
Indonesian National Standard (SNI) 2886-2015 for 
extruded snacks set the maximum water content at 4%. 
This standard ensures optimal shelf life, texture, and 
overall quality by minimizing excess water, which could 
lead to spoilage or undesirable changes in product 
quality32. In this study, all formulation samples had a 
moisture content exceeding 4%, which does not meet the 
SNI standard. Moreover, several factors may have 
contributed to this, such as shape, size, thickness of the 
chips, as well as baking time, and temperature. Larger 
and thicker products require longer baking times to allow 
sufficient moisture evaporation. Adjustments to product 
dimensions and baking conditions are necessary to 
reduce moisture content and comply with the required 
standards.33.  

The SNI 2886-2015 also limits acid-insoluble ash 
content to a maximum of  0.1%. The ash content in all 
three samples exceeded this standard. Ash content 
reflects the mineral content of the product, which can 
enhance nutritional value. However, exceeding the 
allowable limit may suggest elevated levels of certain 
minerals that could negatively affect the product's 
quality34. Additionally, ash content is closely related to 
the  raw materials used and the cleanliness of the 
production process32.  

The fat content standard set by SNI for extruded 
snacks that are not fried is 30%. All three product 
formulations met this SNI quality requirement32, with 
significantly lower than the maximum allowed. This is 

closely related to the processing method used. Baking the 
products in an oven reduces the need for oil, resulting in 
lower fat content compared to fried products. This baking 
method supports achieve a healthier fat profile, aligning 
with the standard for non-fried snacks.  

An strength of this study was the involvement of 
a sufficient number of respondents (10 individuals, both 
male and female) for the glycemic index measurement, 
with strict inclusion criteria. This approach ensured that 
the measurement results were objective and reliable. 
Additionally, the involvement of 35 semi-trained 
panelists in the organoleptic test provided a 
representative assessment of the product’s sensory 
qualities and its potential acceptance in the target 
market. However, a limitation of this study was lack of 
clinical trials to assess the efficacy of the product in 
controlling blood glucose levels over time. Conducting 
clinical trials would provide more concrete evidence of 
the product's long-term impact on glycemic control. 

 
CONCLUSIONS 

The gluten-free chip formulation enriched with 
Spirulina sp. can serve as healthy snack alternatives with 
a low glycemic index. Among the different formulations, 
Formula A531 stood out as the most promising due to its 
lowest glycemic index and better acceptance in terms of 
texture and crispness compared to the other formulas. 
This makes Formula A531 a suitable option for individuals 
seeking snacks that are both nutritionally beneficial and 
enjoyable to consume.  
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