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INTRODUCTION 
Sports injuries are a common and often inevitable 

condition experienced by athletes throughout their 
careers. This issue is not confined to professional or semi-
professional athletes but is also common among 
amateurs, recreational participants, and beginners. At 
the 2016 Summer Olympics in Rio de Janeiro, 1,101 out 
of 11,274 athletes (9.8%) experienced injuries, with 
approximately 19% suffering from two or more types1. 
Similarly, data from world championships showed 
injuries rate of 81 cases per 1,000 athletes, equivalent to 
one in 12 participants. Muscle injuries are the most 
prevalent, constituting 30-40% of cases in soccer players 
and over 59% in weightlifters2. Muscle cramps, a frequent 
type of injury, result from factors such as dehydration, 
electrolyte imbalances (particularly sodium), insufficient 
carbohydrate intake, muscle stiffness, and inadequate 
physical preparation3. These issues often lead to reduced 
training duration and a decline in athletes performance, 
ultimately lowering performance index. 

Although injuries are common, preventive 
measures are essential to minimize their occurrence and 
impact. A key aspect of prevention involves ensuring 
athletes meet their nutritional requirements. Athletes 
require significantly higher levels of nutrients due to their 
elevated physical activity levels4. Among the nutrients, 
protein plays a critical role in muscle regeneration, and 
during high-intensity training, muscle cells often sustain 
microdamage5. After rest and adequate nutrition, these 
cells are replaced by new ones, with protein serving as a 
key substrate in such a process. 

To meet these heightened protein demands, 
providing snacks between training sessions is crucial. 
Functional foods offer a promising solution, as they are 
specifically designed to provide health benefits beyond 
basic nutrition6. The foods can support muscle recovery 
and sustain energy levels, addressing the specific needs 
of athletes. However, in Indonesia, high-protein 
functional snacks that meet sustainability standards 
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ABSTRACT 
Background: Sports injuries represented an unavoidable morbidity condition among 
athletes. Data from the 2016 Summer Olympics in Rio de Janeiro demonstrated that 
1,101 out of 11,274 athletes (9.8%) experienced injuries, with 19% sustaining two or 
more types of injuries. In world championships, 81 injury cases per 1,000 athletes were 
recorded. Muscle injuries dominated 30-40% of cases in soccer players and more than 
59% in weightlifters. Blondo, a coconut oil industry by-product, contained 16.9 g protein, 
23.9 g fat, 31.8 g carbohydrates, and 341 kcal energy per 100 g. Sea grapes (Caulerpa 
Lentillifera) contained chlorophyll a and b, which functioned as antioxidants to protect 
body cells from post-exercise free radicals. 
Objectives: This study aimed to analyze the chemical and sensory characteristics of 
blondo and sea grape-based snack bars. 
Methods: The research employed a Completely Randomized Design with three formulas 
(F1: 50%, F2: 75%, F3: 100% blondo). Analysis included proximate testing, fiber content, 
antioxidant activity, and organoleptic testing. 
Results: ANOVA analysis revealed that blondo addition did not significantly affect the 
measured variables (p-value>0.05). However, moisture, ash, protein, fat, and fiber 
content increased, while carbohydrate content decreased, potentially benefiting 
athletes. Additionally, decreased IC50 values indicated increased antioxidant activity 
with blondo addition. 
Conclusions: Blondo and sea grapes demonstrated potential as sports food ingredients, 
with F3 being the most preferred formula, containing 518.5 kcal, 14.11 g protein, 27.17 
g fat, and 54.27 g carbohydrates. 
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remain scarce, limiting athletes' options for suitable 
alternatives. 

Proper nutrient selection improves athletes 
performance, reduces injury risks, facilitates recovery, 
and supports the adaptation process. Strategic choices 
regarding nutrient types and timing are essential for 
optimizing fuel resynthesis, minimizing muscle damage, 
and enhancing physical fitness. These factors enable 
athletes to achieve their performance goals and compete 
at championship levels7. Blondo, a by-product of the 
coconut oil industry, represents a potential protein 
source for athletes. In addition, antioxidants play a 
significant role in boosting performance by combating 
oxidative stress caused by intense physical activity. Sea 
grapes (Caulerpa lentillifera), known for their antioxidant 
properties, can fulfill this need effectively. Together, 
blondo and sea grapes present a sustainable and 
functional strategy to meet the nutritional requirements 
of athletes. 

Blondo, a by-product of the coconut oil extraction 
process from coconut milk through heating, possesses 
excellent nutritional content, particularly its high protein 
levels8. The by-product not only provides nutrient-rich 
food but also contributes to waste reduction and 
promotes sustainability in the coconut industry. As a 
protein-rich ingredient, blondo effectively meets 
athletes' protein requirements. Each 100 g of blondo 
contains 16.9 g of protein, 23.9 g of fat, and 31.8 g of 
carbohydrates, delivering 341 kcal of energyi9. This 
nutrient profile makes it a promising raw material for 
developing sustainable sports food tailored to athletes' 
needs. 

In addition to blondo, sea grapes represent 
another local resource with untapped potential. Known 
as green algae, sea grapes are widely recognized among 
coastal communities10. They contain chlorophylls a and b, 
with potent antioxidant properties that protect body cells 
from free radicals generated during physical activity. Free 
radicals negatively affect muscle performance by 
increasing fatigue susceptibility11. The chlorophyll in sea 
grapes helps alleviate inflammation and repair muscle 
cell damage, positioning these algae as a valuable 
ingredient for sports food production. 

Recent research shows the potential of 
combining blondo and sea grapes as sustainable protein 

and antioxidant sources. The high protein content of 
blondo and the antioxidant properties of sea grapes not 
only enhance athletes health and performance but also 
contribute to environmentally sustainable food 
production. This synergy shows the importance of 
experimental research to evaluate the chemical and 
sensory characteristics of snack bars made from blondo 
with sea grapes flour substitutions. The analysis is crucial 
for assessing their potential as functional sports foods to 
support athletes performance and recovery. 
 
METHODS 

This research focused on developing snack bars 
using blondo and sea grapes flour, followed by an analysis 
of their chemical and sensory characteristics. The 
chemical properties were evaluated using Analysis of 
Variance (ANOVA), while sensory data were assessed 
through the Kruskal-Wallis test. Ethical approval was 
granted by the Ethics Committee of the Veteran National 
Development University, Jakarta, on December 6, 2024 
(Approval Number: 521/XII/2024/KEP). 
 
Research Design, Time, and Place 

The research adopted an experimental design 
using a Completely Randomized Design (CRD) with a 
single-factor method, applying three treatment levels. 
Each treatment was repeated twice to enhance data 
consistency and reliability by minimizing external 
variability. Organoleptic testing was conducted at the 
Nutrition Laboratory of Campus B, Veteran National 
Development University, Jakarta. Proximate and 
antioxidant analysis were performed at the Testing, 
Calibration, and Certification Services Laboratory (LJPKS) 
at IPB University. 

This analysis utilized three formulations of blondo 
in the snack bar preparation, including F1 (12.5 g), F2 
(18.7 g), and F3 (25 g). Each formulation also included 0.2 
g of sea grapes flour. The sensory evaluation involved 30 
untrained panelists, who assessed color, texture, aroma, 
and taste using a five-point hedonic scale ranging from 
very dislike to very like. Proximate analysis and 
antioxidant activity testing were conducted for all three 
formulations with two repetitions.

 
Tools 

 
(a) Oven Blower (b) Sieve (c) Pan (d) Scale (e) Silicone Mold (F) Blender (g) Stove 

Figure 1. Snack Bar Production Tools 
 

This research used various tools, including a 
frying pan and stove, for the blondo-making process. 
Other tools like scale, oven, blender, and sieve were also 

utilized to make sea grapes flour. However, snack bars 
were made using a pan, stove, blender, scale, silicone 
molds, and refrigerator.
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Materials

 
(a) Crispy Rice and Corn Chips (b) Sea Grapes Flour (c) Granulated Sugar (d) Blondo (e) Wheat Flour (F) Dark Chocolate 

Figure 2. Ingredients for Snack Bars 
 

The primary materials included coconut milk 
from mature coconuts for blondo and sea grapes for sea 
grapes flour. Other ingredients for snack bar preparation 
comprised wheat flour, crispy rice, corn chips, sugar, and 
dark chocolate. 
 
Research Stages 
Blondo Production 

Mature coconuts with centos or trombones, 
which indicated the early stages of coconut shoot 
formation, were selected for this process. The coconuts 
were grated and squeezed to extract coconut milk, which 
was then heated in a pan over low heat for two hours to 
produce blondo. 
 
Sea Grape Flour Production 

Sea grapes were thoroughly cleaned under 
running water and arranged evenly on a baking sheet. 

They were dried in a blower oven at 80°C for five hours 
before being ground into a fine powder and sieved to 
obtain uniform flour consistency. 
 
Snack Bar Production 

The production process began with preparing 
ingredients for three formulas based on the formulations 
outlined in Table 1. Dark chocolate was melted using the 
double boiler method. Roasted wheat flour was then 
mixed into the melted chocolate, followed by the 
addition of blondo to create a uniform dough. 

Separately, sugar was melted to the stage of 
caramelization, after which crispy rice and corn chips 
were added and mixed until evenly coated. This mixture 
was then combined with the prepared dough, which was 
poured into silicone molds and stored in the refrigerator.

 

 
(a) Blondo Production (b) Sea Grape Flour Production (c) Dark Chocolate Melting Process 

(d) Crispy Rice and Corn Chips into Caramel Mixing Process (e) Whole Dough Mixing Process 
Figure 3. Snack Bar Production Process 

 
Table 1. Formulation of Raw Materials for Blondo-based Snack Bar Products and Sea Grapes Flour Substitution  

Ingredient Name 
Treatment 

F1 F2 F3 

Blondo (g) 12.5 18.75 25 

Wheat Flour (g) 12.5 6.25 0 

Sea Grape Flour (g) 0.2 0.2 0.2 

Crispy Rice (g) 2 2 2 

Corn Chips (g) 3 3 3 

Dark Chocolate (g) 10 10 10 

Sugar (g) 4 4 4 
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g=gram, F1=Snack Bar Formulation with 50% Blondo and 50% Wheat Flour, F2=Snack Bar Formulation with 75% Blondo and 
25% Wheat Flour, F3=Snack Bar Formulation with 100% Blondo and 0% Wheat Flour 
 

 
(a) F1=Snack Bar Formulation with 50% Blondo and 50% Wheat Flour (b) F2=Snack Bar Formulation with 75% Blondo and 

25% Wheat Flour (c) F3=Snack Bar Formulation with 100% Blondo and 0% Wheat Flour 
Figure 4. Final Result of Snack Bar 

 
Chemical Characteristics Analysis 

Chemical characteristics were analyzed through 
proximate testing and antioxidant activity evaluation. 
The proximate analysis measured the levels of water, ash, 
protein, fat, carbohydrates, and fiber content in the 
samples. Antioxidant activity was assessed using the IC50 
method to determine the potential of the snack bars in 
combating oxidative stress. 
 
Sensory Characteristics Analysis 

Sensory analysis was conducted using the 
hedonic test method. A total of 30 untrained panelists, 
aged 17-25 years, from the Nutrition Study Program at 
the Faculty of Health Sciences, Veteran National 
Development University of Jakarta, participated in the 
evaluation. The organoleptic test followed the 2006 
standards of the National Standardization Agency (BSN). 
Inclusion criteria required panelists to be available and 
capable of conducting and evaluating the sensory tests 
effectively12. Exclusion criteria included individuals who 
were sick, had sensory impairments affecting taste or 
smell, or suffered from health conditions impacting their 
ability to participate. The panelists evaluated sensory 
parameters such as color, texture, taste, and aroma using 
a five-point preference scale ranging from very dislike to 
very like. 
 
Data Processing and Analysis 

The data obtained was processed and analyzed 
using Microsoft Excel and SPSS version 16. The result of 
the chemical and sensory characteristics tests was carried 
out using descriptive and inferential methods. 
Descriptive analysis was applied to evaluate the data 
characteristics. Numerical data, mean values, and 

standard deviations were calculated when the data was 
normally distributed. Additionally, the median along with 
minimum and maximum values, were used when the 
distribution was not normal. For categorical data, the 
percentage was calculated for each existing category. 
Inferential analysis was applied to obtain conclusions 
regarding the characteristics of the population based on 
the data that had been collected. For the chemical 
characteristics test, ANOVA was used to compare the 
averages between more than two treatment groups. In 
its implementation, the data analyzed must meet the 
assumptions of normality and homogeneity of variance. 
When the ANOVA test results showed a p-value<0.05, 
this indicated a significant difference between the group 
averages. Further analysis was carried out to determine 
different groups using Duncan's Multiple Range Test 
(DMRT). Meanwhile, the Kruskal-Wallis test was used for 
the sensory characteristics test. The test was adopted 
when the data did not meet the normality assumption 
and was ordinal or non-parametric. This test was used to 
compare median values between more than two groups. 
When the p-value<0.05, there would be a significant 
difference between the groups. The Mann-Whitney test 
was performed as a further analysis to determine the 
specific differences between categories. 
 
RESULTS AND DISCUSSIONS 
Chemical Characteristics 

The nutritional content of snack bars was 
measured by analyzing chemical characteristics, including 
proximate analysis, fiber content, and antioxidant 
activity. Proximate testing included water, ash, protein, 
fat, and carbohydrate content analysis. The research was 
conducted on F1, F2, and F3 snack bar formulas.

 
Table 2. Chemical Characteristics of Blondo-Based Snack Bar Products and Sea Grape Flour Substitution Based on Proximate 
Test Results and Antioxidant Activity Analysis 

Parameter 
Formula 

p-value 
F1 F2 F3 

Water Content (%) 1.33±0.579a 1.06±0.353a 2.03±0.898a 0.414 

Ash Content (%) 1.89±0.728a 1.94±0.6501a 2.40±0.516a 0.543 

Protein Content (%) 10.32±0.212a 11.15±0.947a 14.11±1.979a 0.050 

Fat Content (%) 20.08±8.442a 22.23±5.310a 27.17±5.225a 0.456 
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Parameter 
Formula 

p-value 
F1 F2 F3 

Carbohydrate Content 
(%) 

66.37±9.963a 64.26±9.043a 54.27±8.619a 0.293 

Dietary Fiber (%) 2.40±0.318a 2.38±0.106a 2.48±0.007a 0.577 

Antioxidant Activity 135567.08±5839.344a 125259.49±16922.104a 107715.72±1705.647a 0.156 

a, b, c=Similar Letter Notation Means No Significant Difference in Groups (p-value>0.05), F1=Snack Bar Formulation with 50% 
Blondo and 50% Wheat Flour, F2=Snack Bar Formulation with 75% Blondo and 25% Wheat Flour, F3=Snack Bar Formulation 
with 100% Blondo and 0% Wheat Flour 
 
Water Content 

The analysis of water content was crucial as it 
directly impacted the storage stability and quality of food 
products13. A lower water content generally extended 
shelf life, while higher water content accelerated 
spoilage14. In this research, the water content of the 
snack bars was measured as 1.33% for F1, 1.06% for F2, 
and 2.03% for F3. These results showed a decrease in 
water content from F1 to F2, followed by an increase in 
F3. However, the ANOVA results indicated that the 
addition of blondo had no statistically significant effect on 
the water content of the snack bars (p-value>0.05). 

Interestingly, these results differed from previous 
research, which reported a consistent decrease in water 
content in blondo-based snack bars15. Factors such as 
processing temperatures and methods significantly 
influence water content reduction. Specifically, blondo 
contained a relatively high water content of 25.05%16, 
signifying the importance of optimized processing 
methods and formulations to achieve the desired water 
content in the final product.  
 
Ash Content 

Ash content, which showed the mineral 
composition of food, was an important parameter for 
assessing nutritional value17,18. The analysis indicated an 
increase in ash content across the formulations, with F1 
at 1.89%, F2 at 1.94%, and F3 at 2.40%. Despite this 
upward trend, ANOVA results showed no statistically 
significant effect of blondo addition on the ash content 
(p-value>0.05). 

The increasing ash content correlated with the 
higher proportion of blondo in the formulations19. 
Minerals, such as potassium, sodium, and magnesium, 
present in the ingredients, played a key role in 
maintaining muscle health and preventing fatigue by 
aiding muscle contraction and relaxation20. 

The relatively high ash content in blondo-based 
snack bars was influenced by the inherent ash content of 
blondo, which was 0.65%21. In contrast, wheat flour used 
in the formulations had a lower ash content of 
approximately 0.44%22. The higher mineral content in 
blondo contributed to the elevated ash content in the 
final product, enhancing its nutritional value. 
 
Protein Content 

Protein was an important component present in 
all body cells, playing an essential role in various 
biological functions and the development of cellular 

structures23. Protein analysis methods typically measured 
nitrogen content, peptide bonds, aromatic amino acids, 
dye-binding capacity, ultraviolet absorption, and light 
scattering properties24.  

In this research, the protein content of the snack 
bar formulations showed an upward trend, with F1, F2, 
and F3 containing 10.32%, 11.15%, and 14.11% protein, 
respectively. The results indicate that the addition of 
blondo increased the protein content in snack bars. 
However, ANOVA analysis showed that this increase was 
not statistically significant (p-value>0.05). The correlation 
between the proportion of blondo and protein content 
indicated its contribution to enhancing nutritional value. 

Blondo was rich in essential amino acids such as 
valine, isoleucine, and leucine, which were branched-
chain amino acids (BCAAs)25. BCAAs were particularly 
significant for promoting muscle mass and strength, key 
factors in athletes performance26. Therefore, the high 
protein content in blondo-based snack bars could 
potentially support muscle development and improve 
physical performance. 
 
Fat Content 

Fat, a hydrophobic or amphipathic organic 
compound, belonged to the lipid group and served 
numerous biological functions. Measuring fat content 
helped determine the quality of fatty acids and their 
implications for health. The fat content in the snack bars 
increased with the addition of blondo, measuring 20.08%, 
22.23%, and 27.17% for F1, F2, and F3, respectively. 
Despite this increase, ANOVA analysis showed no 
statistically significant effect of blondo addition on fat 
content (p-value>0.05). However, the higher fat content 
in the formulations could be attributed to the high-fat 
content of blondo, approximately 24.9%27. The results 
were in line with previous investigations, which also 
noted elevated fat levels in biscuits containing higher 
proportions of blondo28. 
 
Carbohydrate Content 

Carbohydrates were essential nutrients that 
serve as a primary source of energy for the human body29. 
They played a significant role in influencing the sensory 
attributes of food, such as taste, color, texture, and 
others30. The inclusion of carbohydrates in snack bars 
aimed to optimize carbohydrate intake, which have been 
shown to help maintain athletes performance by 
preventing muscle fatigue31. In this research, the 
carbohydrate content in F1, F2, and F3 was found to be 
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66.37%, 64.26%, and 54.27%, respectively, indicating a 
decrease in carbohydrate content across the 
formulations. However, ANOVA analysis showed that 
blondo addition did not significantly affect carbohydrate 
levels (p-value>0.05). This suggested that the inclusion of 
blondo reduced the carbohydrate content in snack bars. 

Carbohydrate content was closely related to 
other nutritional components, including water, ash, fat, 
and protein32. This research suggested that as the 
amount of blondo increased, the carbohydrate content 
decreased. While blondo impacted the total nutritional 
profile of the snack bars, it reduced carbohydrate 
content, potentially increasing other components like 
protein and fat. 
 
Dietary Fiber 

Dietary fiber remained in the large intestine or 
colon after digestion and existed in both soluble and 
insoluble forms in water. It offered several health 
benefits, including aiding in weight management, 
lowering cholesterol, and promoting gut health by 
fostering the growth of beneficial bacteria34. 
Furthermore, dietary fiber enhanced nutrient absorption 
and helped cleanse the intestines35. A deficiency in 
dietary fiber might lead to alterations in gut microbiota, 
contributing to increased inflammation and negatively 
affecting athletes performance36. In this research, the 
dietary fiber content of F1, F2, and F3 was 2.40%, 2.38%, 
and 2.48%, respectively. The data showed a decrease in 
fiber content from F1 to F2 but an increase in F3. Despite 
such variations, ANOVA analysis showed that the addition 
of blondo did not significantly affect fiber content (p-
value>0.05). Previous investigations indicated the fiber 
content of 100 g of blondo was approximately 9.1 g, 
suggesting that blondo might have potential as a source 
of dietary fiber37. 
 
 
 
 

Antioxidant Activity 
Antioxidants were compounds that prevent the 

oxidation of cell components, such as fatty acids and 
DNA, caused by free radicals. Therefore, they played a 
critical role in preventing various diseases38. Oxidation 
was a major cause of chemical damage in food, including 
rancidity, reduced nutritional value, sensory changes, and 
potential food safety risks39. Antioxidants also act as anti-
inflammatory agents, reducing inflammation, promoting 
healing, and preventing long-term injury40.  

In this research, the antioxidant activity of snack 
bar products in F1, F2, and F3 was measured at 
135,567.08 ppm, 125,259.49 ppm, and 107,715.72 ppm, 
respectively. The ANOVA analysis showed that the 
addition of blondo did not significantly affect antioxidant 
activity (p-value>0.05). As a result, the proportion of 
blondo did not result in significant differences in 
antioxidant activity. The data indicated a decrease in 
antioxidant activity from F1 to F3, suggesting that higher 
blondo proportions lead to a reduction in antioxidant 
strength. 

Blondo was a byproduct of the coconut oil 
production process, where coconut milk was heated to 
produce the oil41. Coconut oil was rich in antioxidants, 
particularly α-tocopherol and polyphenols. However, the 
heating process could reduce the content of the 
antioxidants by approximately 25%42. This decrease in 
antioxidant activity as the blondo proportion increased 
might be due to the reduction in antioxidant levels during 
the production process. 

 
Sensory Characteristics 

The sensory characteristics of the snack bar 
products, including color, texture, taste, and aroma, were 
evaluated in this research. A significant difference was 
found in the color parameter between the three 
formulas, based on the Kruskal-Wallis test results (p-
value<0.05). However, no significant differences were 
observed in the other sensory parameters (p-
value>0.05).

 
Table 3. Hedonic Test Results of Blondo-Based Snack Bars and Sea Grape Flour Substitution 

Parameter 
Median Value of Hedonic Test on Blondo Snack Bars 

p-value 
F1 F2 F3 

Color 4 (2-5)a 3.5 (2-5)a 4 (3-5)a 0.571 

Texture 4 (3-5)a 4 (3-5)a 4 (3-5)a 0.963 

Taste 4 (2-5)a 3 (1-5)b 2 (1-5)b 0.001 

Aroma 4 (2-5)a 3 (2-5)a 3.5 (1-5)a 0.436 

1=Very Dislike, 2=Dislike, 3=Neutral, 4=Like, 5=Very Like, Median (Minimum-Maximum), a, b, c=Similar Letter Notation 
Means No Significant Difference in Groups (p-value>0.05) 
 
Color 

Based on Table 3, the three formulations have 
nearly identical median values, including 4 ("like") for F1 
and F3, and 3.5 ("like") for F2. The maximum value for all 
three formulations was 5 ("very like"). Specifically, F3 had 
a higher minimum value and a smaller data spread 
compared to F1 and F2, indicating more consistent 

acceptance among panelists. These results suggested 
that F3 generally achieved higher acceptance than the 
other formulations. 

The Kruskal-Wallis test results indicated that the 
addition of blondo and sea grapes flour did not 
significantly influence the color of the snack bars (p-
value>0.05). Consequently, a Mann-Whitney follow-up 
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test was considered unnecessary. This uniformity in color 
was attributed to the similar brown color across all three 
formulations, primarily derived from the dark chocolate 
used as a key ingredient. Additionally, the golden-
brownish tone of blondo contributed to this consistent 
appearance. 

The lack of significant differences in the Kruskal-
Wallis test results suggested that variations in the 
composition of blondo and sea grapes flour did not 
significantly affect the visual appeal of the snack bars. 
This could be explained by the dominance of dark 
chocolate's brown color, which provided a visually 
appealing and consistent aesthetic. As a result, changes 
in other ingredients did not substantially alter consumer 
perception.  
 
Texture 

According to Table 3, all three formulations 
shared the same median value of 4 ("like"), indicating 
that panelists predominantly rated the texture as 
favorable. Furthermore, the minimum and maximum 
values for texture were identical across the formulations, 
suggesting that panelists perceived the texture of all 
three formulations as similar. 

The Kruskal-Wallis test showed that the addition 
of blondo and sea grapes flour did not significantly impact 
the texture of the snack bars (p-value>0.05), making a 
Mann-Whitney follow-up test unnecessary. This 
consistency was likely due to minimal textural changes 
between the formulations, which were not detectable by 
the panelists. 

Texture referred to the pressure sensation 
perceived through the sense of touch, whether orally or 
manually. Additionally, it covered attributes such as 
thickness, smoothness, and softness43. Cocoa butter, a 
primary component of dark chocolate, remained solid at 
room temperature but melted at body temperature44. 
These properties contributed to the soft and uniform 
texture of dark chocolate products. 
 
Taste 

Based on Table 3, the median taste value for F1 
was the highest at 4 ("like"), compared to 3 ("neutral") for 
F2 and 2 ("dislike") for F3. Although all formulations 
shared the same maximum score of 5 ("very like"), F1 had 
a higher minimum value, indicating better total 
acceptance. This suggested that F1 achieved the most 
favorable taste perception due to its smaller value 
distribution and higher minimum rating. 

The Kruskal-Wallis test showed that the addition 
of blondo and sea grapes flour significantly influenced the 
taste of the snack bars (p-value<0.05). Further analysis 
using the Mann-Whitney test indicated significant 
differences between F1 and both F2 and F3 (p-
value<0.05). The differences in taste were attributed to 
the varying proportions of blondo in the formulations, 
which alter taste intensity. Blondo had a savory and 
slightly sweet flavor, but its high-fat content might 
contribute to a less desirable taste at higher proportions. 
These results were in line with previous investigations 
indicating that increasing blondo content enhanced a 
distinct taste profile, primarily due to its high amino acid 

content, such as glutamic acid, imparting a savory 
flavor45. 
 
Aroma 

Table 3 showed that F1 had the highest median 
aroma value at 4 ("like"), followed by F3 at 3.5 ("like") and 
F2 at 3 ("neutral"). While all formulations shared the 
same maximum score of 5 ("very like"), F3 had the lowest 
minimum value, suggesting F1 was the most preferred in 
terms of aroma. 

The Kruskal-Wallis test indicated that the 
addition of blondo and sea grapes flour did not 
significantly affect the aroma of the snack bars (p-
value>0.05). Consequently, a Mann-Whitney follow-up 
test was unnecessary. The results contrasted with 
previous investigations on the hedonic aroma evaluation 
of red rice flour-based flakes, where blondo addition also 
did not show a significant effect (p-value>0.05)21. The 
aroma of blondo was derived from volatile non-methyl 
ketone compounds formed during the heating of coconut 
milk46.  
 
Selected Formulation of Snack Bar Products 
Determination of Selected Formulation 

This research identified the best formulation 
using the De Garmo method, prioritizing the highest 
productivity value. The results from all chemical and 
sensory analysis served as the basis for determining the 
optimal formulation. Each analysis parameter was 
weighted differently, reflecting the snack bars' intended 
purpose of enhancing athletes performance. Parameters 
such as protein content, carbohydrates, and antioxidant 
activity received the highest weights due to their critical 
roles in preventing athletes injuries and supporting 
recovery. Additionally, dietary fiber was given 
considerable weight for its importance in weight 
management and maintaining a healthy gut microbiota. 

The De Garmo method analysis identified product 
F3 as the optimal formulation, achieving the highest total 
productivity value, followed by F1 and F2. Product F3 was 
composed entirely of blondo (100%) without wheat flour. 
This formulation showed superior performance across 
multiple parameters, including ash, fat, protein, dietary 
fiber, antioxidant content, and color, which indicated the 
highest productivity values compared to other 
formulations. 
 
Determining Portion Size and Nutritional Value of Snack 
Bars  

A serving size represented the recommended 
amount of a processed food product to be consumed in 
one meal. It was expressed in metric units or a 
combination of metric units and household 
measurements to provide clear and practical portion 
guidelines for consumers47. For snack bars to qualify as 
sports food, they must meet specific criteria. The criteria 
included snack bars must have a serving weight of 25-60 
g (with one to two servings per package) and nutrient 
content of 40-50 g of carbohydrates, 2-6 g of fat, as well 
as 2-5 g of protein31. Based on these criteria, the serving 
size for the snack bars was set at 30 g, and the nutritional 
content was calculated accordingly, as presented in Table 
4.
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Table 4. Nutritional Value of Blondo-Based Snack Bars and Sea Grape Flour Substitution per Serving Size of 30 g 

Nutrients 
Nutritional 

Content/100 g 
Nutritional 

Content/Serving Size 
Nutritional Adequacy 

Rate 

% 
Nutrients/Serving 

Size 

Energy (kcal) 518.05 129.51 2150 6.02 

Fat (g) 27.17 6.79 60 11.31 

Protein (g) 14.11 3.52 67 5.25 

Carbohydrate (g) 54.27 13.56 325 4.17 

g=gram, kcal=kilocalorie 
 

Table 4 showed the nutritional profile of the 
blondo-based snack bars formulated with sea grapes 
flour. Each serving (30 g) provided 129.51 kcal of energy, 
6.79 g of fat, 3.52 g of protein, and 13.56 g of 
carbohydrates. However, the carbohydrate content did 
not meet the standard for sports food, which required 40-
50 g of carbohydrates per serving. 

This research introduced an innovative method 
by formulating snack bars using blondo and sea grapes as 
key ingredients, an area previously unexplored. This 
novel formulation leveraged local ingredients, 
contributing to food diversification in the functional food 
category to support athletes performance. By utilizing 
abundant yet underutilized resources, such as blondo, 
the research showed the potential for increasing the 
added value of such raw materials. Additionally, sea 
grapes, known for their rich bioactive compounds, 
enhanced the nutritional and health benefits of the 
product. 

Despite its innovative nature, the research had 
several limitations. It remained exploratory, requiring 
further validation through larger-scale testing to assess 
the snack bars' effectiveness in improving athletes 
performance. Future investigations should also compare 
such a formulation to similar products on the market to 
determine their competitive advantages. Comprehensive 
validation was necessary to ensure the product's practical 
applicability and its ability to meet consumer 
expectations scientifically and commercially. 
 
CONCLUSIONS 

In conclusion, this research showed that blondo-
based snack bars with sea grapes flour substitution have 
the potential as sports food to enhance athletes 
performance. The selected formulation, F3, 
demonstrated that while the protein and fat content met 
sports food standards, the carbohydrate content did not 
correlate with the required criteria. Organoleptic tests 
indicated significant differences in taste parameters (p-
value < 0.05). Further investigations were recommended 
to refine the formulation to meet all sports food 
standards, particularly concerning carbohydrate content. 
Future research should also address the specific 
nutritional needs of different sports and involve athletes 
directly to validate the product's effectiveness. 
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