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INTRODUCTION 


Essential amino acids are
fundamental components of proteins that cannot be synthesized by the human body
in sufficient quantities and therefore must be obtained through dietary intake.
Among these essential amino acids, Branched-Chain Amino Acids (BCAAs),
consisting of leucine, isoleucine, and valine, play a crucial role in metabolic
regulation and protein metabolism (Mahan & Raymond, 2017). BCAAs are unique
because they are primarily metabolized in skeletal muscle rather than in the
liver. These amino acids contribute significantly to maintaining nitrogen
balance and supporting various physiological functions. Adequate intake of
BCAAs is necessary to sustain muscle protein turnover and overall metabolic
health. Consequently, BCAAs have attracted considerable attention in nutrition
and functional food research due to their broad physiological benefits.


BCAAs play important
physiological roles, particularly in maintaining protein homeostasis and
preserving skeletal muscle mass. In addition to serving as energy substrates
during periods of increased metabolic demand, BCAAs participate in numerous
metabolic pathways and cellular signaling processes. One of the primary
mechanisms underlying their biological activity is the activation of the
mammalian target of rapamycin (mTOR) signaling pathway, which regulates muscle
protein synthesis, cell growth, and tissue regeneration. Through activation of
this pathway, BCAAs stimulate anabolic processes that support muscle
development and recovery following physical stress or injury. BCAAs may reduce
muscle protein breakdown and contribute to improved physical performance. These
physiological functions show the importance of adequate BCAA consumption in
maintaining overall health and nutritional status (Holecek, 2018).


The significance of BCAAs
becomes even more evident in pathological conditions associated with impaired
protein metabolism and malnutrition. In patients with liver cirrhosis, chronic
liver damage alters amino acid metabolism and often results in decreased circulating
BCAA concentrations. This metabolic imbalance is commonly associated with
malnutrition, muscle wasting, and a reduced quality of life. Several studies
have showed that increasing BCAA intake can improve nutritional status, reduce
the risk of hepatic encephalopathy, and support clinical recovery in patients
with liver cirrhosis. In addition, nutritional interventions containing BCAAs
have been shown to enhance dietary intake and improve metabolic outcomes in
affected individuals. A case report showed that the administration of tempeh
porridge as a nutritional supplement during hospitalization increased energy,
protein, and BCAA intake while reducing nausea symptoms among patients with
liver cirrhosis (Kelimari, 2025).


The potential benefits of
BCAAs have also been extensively investigated in cancer patients. Muscle
wasting, reduced appetite, and inadequate nutritional intake are common
challenges experienced by individuals undergoing cancer treatment. Previous
studies have reported that BCAAs can stimulate protein synthesis, preserve
muscle tissue, and support immune function. BCAAs
may enhance appetite and contribute to meeting nutritional requirements in
patients with cancer (Nasution & Ashariati, 2021). Experimental evidence
has suggested that elevated BCAA levels may inhibit cancer progression and
metastasis through the suppression of N-cadherin expression, a molecule
involved in tumor cell migration and invasion (Chi et al., 2022). In
addition, supplementation with BCAAs at a dose of 3 × 4.8 g/day for seven days
was reported to increase plasma BCAA concentrations by 121% and reduce the
incidence of anorexia compared with a control group (Le Bricon, 1996). 


Dietary requirements for
BCAAs can be fulfilled through the consumption of protein-rich foods from both
plant and animal sources. Common dietary sources of BCAAs include soybeans,
tofu, tempeh, skinless chicken breast, tuna, lean meat, cheese, and egg whites
(USDA, 2016). Among these foods, tempeh is particularly notable as a
traditional fermented soybean product with a high protein content and
substantial amounts of BCAAs, dietary fiber, and isoflavones (Julistimawati,
2025). According to the Indonesian Food Composition Table (TKPI, 2017), 100 g
of tempeh contains approximately 201 kcal of energy, 20.8 g of protein, 8.8 g
of fat, 1.4 g of dietary fiber, 155 mg of calcium, 326 mg of phosphorus, and 4
mg of iron. The fermentation process not only improves the digestibility of soy
protein but also enhances the bioavailability of several nutrients and bioactive
compounds. As a result, tempeh possesses significant potential as a functional
food ingredient capable of delivering both nutritional and health-promoting
benefits. Its abundance and cultural acceptance in Indonesia further strengthen
its suitability for functional food development.


Despite its nutritional
advantages, fresh tempeh has a relatively short shelf life, which limits its
storage stability and commercial utilization. Therefore, innovative food
processing strategies are needed to extend shelf life while preserving its
nutritional quality. One promising approach is the conversion of fresh tempeh
into flour, which offers greater stability, convenience, and versatility as a
food ingredient. Tempeh flour can subsequently be incorporated into various
processed food products, including bakery items and snack foods. Cookies are
considered an attractive vehicle for functional ingredient incorporation
because they are practical, have a relatively long shelf life, and are widely
accepted by consumers of different age groups (Dahlia, 2023). In addition,
cookies provide a convenient format for nutrient delivery and can be easily
modified through ingredient substitution. 


 


THEORETICAL
REVIEW


In functional food
development, tempeh flour can be combined with purple sweet potato, a locally
available crop recognized for its high anthocyanin and antioxidant content.
Anthocyanins are natural pigments with strong antioxidant properties that
contribute to the characteristic purple coloration of the tuber. The
antioxidants present in purple sweet potato play an important role in
neutralizing free radicals and protecting cells from oxidative damage (Pranata,
2021). Oxidative stress has been associated with various chronic diseases,
making antioxidant-rich foods increasingly relevant in modern dietary patterns.
The incorporation of purple sweet potato into cookie formulations may therefore
provide additional health benefits beyond basic nutrition. Furthermore, the
natural color and flavor of purple sweet potato may enhance the sensory appeal
of the final product. The combination of tempeh flour and purple sweet potato
is expected to produce a nutritious snack rich in both BCAAs and antioxidant
compounds.


Based on these
considerations, the development of cookies formulated with tempeh flour and
purple sweet potato represents a promising approach for producing a locally
sourced functional food product. Such a product has the potential to combine
high nutritional value with desirable sensory characteristics and practical
consumer acceptance. However, scientific evaluation is necessary to determine
the effects of different formulation ratios on product quality. Therefore, this
study aimed to develop cookies made from tempeh flour and purple sweet potato
and to evaluate their physical, chemical, and sensory characteristics. The
findings are expected to identify the most appropriate formulation for
functional food applications. Ultimately, the resulting cookies may serve as a
nutritious snack alternative with high BCAA and antioxidant content that could
contribute to improved nutritional status and quality of life.


 


METHODOLOGY  


This study employed an
experimental research design using a Completely Randomized Design (CRD) to
develop and evaluate functional cookies formulated from tempeh flour and purple
sweet potato. Three treatment formulations were prepared: F1 (50 g tempeh flour
and 10 g purple sweet potato), F2 (40 g tempeh flour and 20 g purple sweet
potato), and F3 (30 g tempeh flour and 30 g purple sweet potato). The study was
conducted at Universitas Muhammadiyah Surakarta, Indonesia, from July to August
2025. Ethical approval was obtained from the Health Research Ethics Committee
of Dr. Moewardi Hospital under approval number 1.788/VIII/HREC/2025. The study
population consisted of all Professional Dietitian Program students at
Universitas Muhammadiyah Surakarta. A total of 15 students who met the
inclusion criteria were recruited as participants. Sampling was conducted using
a non-probability sampling technique with purposive selection. The cookie
formulation and preparation procedures were adapted from the method reported by
Sogen et al. (2022).


The analyses performed in
this study included estimated production cost analysis and nutritional
composition analysis based on the Indonesian Food Composition Table (TKPI,
2017). Color characteristics were measured using an AMTAST AMT507 colorimeter
and expressed as L*, a*, and b* values. Moisture content was determined using a
KERN DAB 100-3 thermogravimetric moisture analyzer. Sensory evaluation was
conducted using a hedonic preference test covering five attributes: color,
aroma, taste, texture, and overall acceptability. The hedonic scale consisted
of seven categories: like very much (7), like (6), somewhat like (5), neutral
(4), somewhat dislike (3), dislike (2), and dislike very much (1). The sensory
analysis involved 15 semi-trained panelists aged between 21 and 25 years. Data
obtained from the sensory evaluation were subsequently analyzed to compare
consumer acceptance among the three cookie formulations.   


 


 


 


 


RESULTS 










Cookie
Formulation


The formulation of
TUBIC (Tempe Flour and Purple Sweet Potato Cookies) was designed to investigate
the effects of different proportions of tempe flour and purple sweet potato on
the characteristics of the final product. The comparison aimed to identify the
optimal balance between the two ingredients that could influence the sensory
and physical properties of the cookies. Three formulations were developed by
varying the levels of tempe flour and purple sweet potato while maintaining the
same amounts of the other ingredients. The formulation design enabled the
evaluation of changes in nutritional composition, moisture content, color
characteristics, and sensory acceptance. The detailed composition of each
formulation is presented in Table 1. 


Table
1. Comparison of Cookie Formulations



 
  	
  Ingredients

  
  	
  Formula 1 (g)

  
  	
  Formula 2 (g)

  
  	
  Formula 3 (g)

  
 

 
  	
  Mocaf flour

  
  	
  100

  
  	
  100

  
  	
  100

  
 

 
  	
  Tempe flour

  
  	
  50

  
  	
  40

  
  	
  30

  
 

 
  	
  Purple sweet potato

  
  	
  10

  
  	
  20

  
  	
  30

  
 

 
  	
  Full cream milk

  
  	
  15

  
  	
  15

  
  	
  15

  
 

 
  	
  Butter

  
  	
  115

  
  	
  115

  
  	
  115

  
 

 
  	
  Egg yolk

  
  	
  50

  
  	
  50

  
  	
  0

  
 

 
  	
  Salt

  
  	
  0.5

  
  	
  0.5

  
  	
  0.5

  
 

 
  	
  Refined sugar

  
  	
  50

  
  	
  50

  
  	
  50

  
 

 
  	
  Baking powder

  
  	
  1

  
  	
  1

  
  	
  1

  
 




 


Based on Table 1,
the primary difference among the formulations was the ratio of tempe flour to
purple sweet potato. Formula 1 contained 50 g of tempe flour and 10 g of purple
sweet potato, Formula 2 contained 40 g of tempe flour and 20 g of purple sweet
potato, and Formula 3 contained equal amounts of tempe flour and purple sweet
potato (30 g each). These variations were designed to evaluate the influence of
ingredient substitution on product quality and consumer acceptance.


 










Market
Survey and Cost Analysis


A market-oriented
cost analysis was conducted to evaluate the economic feasibility of TUBIC
production. The comparison focused on the production cost per recipe and per
serving to determine the most cost-effective formulation. Economic
considerations are important in functional food development because
affordability influences consumer accessibility and commercial viability. The
analysis showed that ingredient composition significantly affected production
costs. Detailed pricing information is presented in Table 2. 


Table
2. Comparison of Cookie Production Costs



 
  	
  Cookie Formulation

  
  	
  Cost per Recipe

  
  	
  Cost per Serving

  (5 cookies/50 g)

  
 

 
  	
  Formula 1

  
  	
  Rp 27,159

  
  	
  Rp 4,345

  
 

 
  	
  Formula 2

  
  	
  Rp 25,909

  
  	
  Rp 4,145

  
 

 
  	
  Formula 3

  
  	
  Rp 24,659

  
  	
  Rp 3,945

  
 




Based on Table 2,
Formula 1 had the highest production cost at Rp 4,345 per serving, whereas
Formula 3 had the lowest cost at Rp 3,945 per serving. The lower cost of
Formula 3 was mainly attributed to the reduced use of tempe flour, which
represented one of the more expensive ingredients in the formulation. Formula 2
showed an intermediate production cost of Rp 4,145 per serving. These findings
suggest that increasing the proportion of purple sweet potato can reduce
production costs while maintaining the intended serving size. Therefore, Formula
3 may offer the greatest economic advantage for large-scale production.


 










Nutritional
Composition of Cookies


The nutritional
composition of TUBIC was estimated using the Indonesian Food Composition Table
(TKPI, 2017). Because the values were obtained through theoretical calculations
rather than laboratory analyses, no standard deviations were reported. Nutritional
evaluation is essential for determining whether the developed product can
function as a nutrient-dense snack. The estimated energy, protein, fat, and
carbohydrate contents are presented in Table 3. These data provide insight into
the nutritional benefits associated with varying proportions of tempe flour and
purple sweet potato. 


 


Table
3. Comparison of Nutritional Composition of Cookies



 
  	
  Nutritional Content per Serving
  (5 cookies/50 g)

  
  	
  Formula 1

  
  	
  Formula 2

  
  	
  Formula 3

  
 

 
  	
  Energy (kcal)

  
  	
  208.78

  
  	
  202.02

  
  	
  195.26

  
 

 
  	
  Protein (g)

  
  	
  8.25

  
  	
  7.38

  
  	
  6.49

  
 

 
  	
  Fat (g)

  
  	
  5.43

  
  	
  5.03

  
  	
  4.64

  
 

 
  	
  Carbohydrates (g)

  
  	
  32.40

  
  	
  32.22

  
  	
  32.25

  
 




 


Based on Table 3,
Formula 1 exhibited the highest nutritional values, particularly in terms of
energy, protein, and fat content, due to its greater proportion of tempe flour.
Protein content decreased progressively from Formula 1 to Formula 3 as the amount
of tempe flour was reduced. Fat content followed a similar trend, whereas
carbohydrate levels remained relatively stable across all formulations. These
findings show that tempe flour is a major contributor to protein and energy
content in TUBIC. Therefore, increasing the proportion of tempe flour enhances
the nutritional density of the product.


 










Moisture
Content Analysis


Moisture content
analysis was conducted to evaluate the water content of each cookie formulation
because moisture significantly affects shelf life, texture, and product
stability. Measurements were performed using a KERN DAB 100-3 thermogravimetric
analyzer. Water content is a critical quality parameter in bakery products
because excessive moisture may promote microbial growth and reduce crispness.
The results are presented in Table 4. Consistent measurements were showed by
the relatively low standard deviation values. 


 


 


Table
4. Comparison of Moisture Content of Cookies



 
  	
  Formula

  
  	
  Time

  
  	
  Moisture Content (%)

  
  	
  Temperature

  
 

 
  	
  F1

  
  	
  7 min 10 sec

  
  	
  11.27 ± 0.30

  
  	
  107°C

  
 

 
  	
  F2

  
  	
  5 min 36 sec

  
  	
  9.00 ± 0.29

  
  	
  107°C

  
 

 
  	
  F3

  
  	
  5 min 22 sec

  
  	
  9.21 ± 0.24

  
  	
  107°C

  
 




 


The moisture
content differed among formulations, with Formula 1 showing the highest value
(11.27 ± 0.30%), followed by Formula 3 (9.21 ± 0.24%) and Formula 2 (9.00 ±
0.29%). The higher moisture level observed in Formula 1 may be attributed to
the greater proportion of tempe flour, which possesses a higher water-binding
capacity due to its protein content. Conversely, the lower moisture contents of
Formulas 2 and 3 may be related to the increased proportion of purple sweet
potato. The relatively low standard deviations show good measurement
consistency. 


 










Color
Analysis


Color evaluation
was conducted to assess the visual characteristics of TUBIC because color is
one of the first quality attributes perceived by consumers. Objective color
measurements were performed using an AMTAST AMT507 colorimeter based on the
CIELAB color system. The parameters measured included lightness (L*), redness
(a*), and yellowness (b*). Color variations among formulations may result from
differences in ingredient composition and browning reactions during baking. The
results are presented in Table 5. 


 


Table
5. Comparison of Color Measurement Results



 
  	
  Formula

  
  	
  L*

  
  	
  a*

  
  	
  b*

  
 

 
  	
  F1

  
  	
  61.4 ± 0.85

  
  	
  14.4 ± 0.52

  
  	
  16.8 ± 0.60

  
 

 
  	
  F2

  
  	
  63.6 ± 0.90

  
  	
  12.4 ± 0.45

  
  	
  24.9 ± 0.75

  
 

 
  	
  F3

  
  	
  60.6 ± 0.78

  
  	
  14.2 ± 0.50

  
  	
  17.4 ± 0.65

  
 




 


Formula 2
exhibited the highest lightness value (L* = 63.6 ± 0.90), indicating a brighter
appearance, whereas Formula 3 displayed the lowest lightness value (L* = 60.6 ±
0.78), suggesting a darker color. Formula 1 showed the highest redness value
(a* = 14.4 ± 0.52), which may be associated with enhanced Maillard reactions
resulting from its higher protein content. Formula 2 had the highest yellowness
value (b* = 24.9 ± 0.75), reflecting a more yellow appearance. These variations
are likely related to the interactions among proteins, sugars, and natural
pigments during baking. The darker appearance of Formula 3 may also be
influenced by anthocyanins from purple sweet potato, which can contribute
darker hues after thermal processing (Wrolstad & Smith, 2017). Overall,
Formula 2 produced a brighter and more yellow cookie, whereas Formulas 1 and 3
exhibited darker and redder characteristics.


 










Organoleptic
Evaluation


Organoleptic
evaluation was performed to determine panelists’ preferences for TUBIC based on
color, aroma, taste, texture, and overall acceptance. A total of 15
semi-trained panelists participated in the sensory assessment using a
seven-point hedonic scale. Sensory evaluation is essential because consumer
acceptance ultimately determines the success of a food product. The assessment
provided information regarding the most preferred formulation. The results for
each sensory attribute are discussed separately below. Overall, the evaluation showed
that all formulations were generally acceptable to panelists.


 


Color
Acceptance Test





 
  	
 

 
  	
  	
 









Figure
1. Organoleptic Color Diagram


 


Based on the
organoleptic evaluation of color, panelists generally preferred Formula 1 and
Formula 3. Approximately 60% of panelists expressed positive acceptance toward
both formulations, whereas Formula 2 received lower preference levels. The
hedonic scores showed that Formula 3 achieved the highest mean score (4.20 ±
1.15), followed closely by Formula 1 (4.13 ± 1.19). The similarity in scores
suggests that all formulations were generally acceptable. However, Formula 3
exhibited a slight advantage in color perception. The moderate standard
deviation values show typical variability among panelists’ responses.


 


Aroma
Acceptance Test





Figure
2. Organoleptic Aroma Diagram


The aroma
evaluation showed that Formula 1 received the highest proportion of favorable
responses from panelists. Approximately 60% of participants showed liking
Formula 1, while Formula 2 and Formula 3 each received favorable responses from
46.67% of participants. Interestingly, Formula 2 achieved the highest mean
hedonic score (4.60 ± 0.91), followed by Formula 1 (4.40 ± 1.18) and Formula 3
(4.40 ± 1.24). Although Formula 2 showed a slightly higher average score,
Formula 1 showed a stronger concentration of “like” responses. The results
suggest that a higher proportion of tempe flour may contribute to a distinctive
and acceptable aroma profile.


 





 
  	
 

 
  	
  	
 






Taste Acceptance Test


Figure
3. Organoleptic Taste Diagram


 


The taste
evaluation showed that Formula 3 received the highest proportion of positive
responses among panelists. Approximately 53.33% of participants reported liking
Formula 3, compared with 40% for Formula 1 and 33.33% for Formula 2. The mean
hedonic scores were relatively similar among formulations, with Formula 2
obtaining the highest score (4.27 ± 1.22), followed by Formula 3 (4.20 ± 1.01)
and Formula 1 (4.07 ± 1.33). Despite the slightly higher mean score of Formula
2, the larger proportion of favorable responses toward Formula 3 shows stronger
overall preference. These findings suggest that the balanced proportion of
tempe flour and purple sweet potato in Formula 3 may provide a more desirable
flavor profile.





 
  	
 

 
  	
  	
 






Texture Acceptance Test


 


Figure
4. Organoleptic Texture Diagram


 


Panelists
generally preferred the texture of Formula 2 and Formula 3. Both formulations
received favorable responses from 46.67% of panelists, whereas Formula 1
received slightly lower preference ratings. Formula 3 achieved the highest mean
texture score (4.33 ± 1.05), followed by Formula 2 (4.27 ± 1.22) and Formula 1
(3.93 ± 1.28). These results show that reducing the proportion of tempe flour
and increasing purple sweet potato content may improve texture acceptance. The
moderate variability observed among responses is typical for sensory
evaluations. Overall, Formula 3 showed the most favorable texture
characteristics.


 





 
  	
 

 
  	
  	
 






Overall Acceptance Test


 


Figure
5. Overall Organoleptic Diagram


 


The overall
acceptance results showed that Formula 3 was the most preferred formulation
among panelists. Approximately 76.67% of participants showed that they liked
Formula 3, compared with 53.33% for Formula 1 and 46.67% for Formula 2. Formula
3 also obtained the highest mean overall acceptance score (4.53 ± 1.06). The
balanced combination of tempe flour and purple sweet potato may have
contributed to improved sensory harmony among color, aroma, taste, and texture
attributes. The findings show that Formula 3 achieved the highest overall
consumer acceptability. Therefore, Formula 3 may represent the most promising
formulation for future product development.


 


Statistical
Analysis of Organoleptic Test


Statistical
analysis was performed using SPSS version 27. Data normality was initially
assessed using the Shapiro-Wilk test because the sample size was fewer than 50
participants. Subsequently, differences among formulations were analyzed using
the Kruskal-Wallis test. The results are presented in Table 6. This analysis
was conducted to determine whether observed sensory differences were
statistically significant. The findings provide objective evidence regarding
panelists’ acceptance of the formulations.


 


Table
6. Statistical Analysis of Organoleptic Evaluation



 
  	
  Parameter

  
  	
  Formula 1

  
  	
  Formula 2

  
  	
  Formula 3

  
  	
  p-value

  
 

 
  	
  Color

  
  	
  5.13 ± 1.18

  
  	
  5.13 ± 1.18

  
  	
  5.20 ± 1.14

  
  	
  0.961

  
 

 
  	
  Aroma

  
  	
  5.40 ± 1.18

  
  	
  5.60 ± 0.91

  
  	
  5.40 ± 1.24

  
  	
  0.973

  
 

 
  	
  Taste

  
  	
  5.07 ± 1.33

  
  	
  5.27 ± 1.22

  
  	
  5.20 ± 1.01

  
  	
  0.947

  
 

 
  	
  Texture

  
  	
  4.93 ± 1.28

  
  	
  5.27 ± 1.22

  
  	
  5.27 ± 1.22

  
  	
  0.583

  
 

 
  	
  Overall

  
  	
  5.27 ± 1.28

  
  	
  5.40 ± 0.91

  
  	
  5.53 ± 1.06

  
  	
  0.757

  
 




 


Based
on Tabel 6, there is note which are F1 = 50 g tempe flour and
10 g purple sweet potato, F2 = 40 g tempe flour and 20 g purple sweet potato, F3
= 30 g tempe flour and 30 g purple sweet potato. Values are presented as mean ±
standard deviation (SD). Statistical significance was set at p < 0.05.


The Kruskal-Wallis
test showed that all p-values exceeded 0.05, indicating no statistically
significant differences among the three formulations for color, aroma, taste,
texture, or overall acceptance. Although Formula 3 achieved the highest overall
acceptance score, the differences were not significant. Formula 2 showed the
highest scores for aroma, taste, and texture, while Formula 3 obtained the highest
score for color and overall acceptance. The lack of significant differences may
be explained by the relatively small variation in ingredient proportions and
the standardized baking conditions applied across formulations. Consequently,
all three formulations can be considered similarly acceptable from a sensory
perspective.


 


DISCUSSION



Cookie
Formulation


The development of
TUBIC employed three formulations that differed only in the proportions of
tempe flour and purple sweet potato, as shown in Table 1. The initial
formulation was adapted from the study by Sogen et al. (2022), which
reported that cookies containing tempe flour were well accepted by panelists in
terms of taste, color, aroma, and texture while providing a high protein
content. Cookies are classified as soft-dough baked products characterized by a
relatively high fat content and a crisp texture after baking. Typical cookie
characteristics include a brownish color, pleasant aroma, sweet taste, and a
crunchy texture (Pramesti, 2023). Because tempe flour is rich in protein and
branched-chain amino acids (BCAAs), while purple sweet potato contains anthocyanins
and antioxidant compounds, their combination has potential for the development
of functional snack products. Thus, TUBIC was developed as a locally sourced
functional food with both nutritional and antioxidant advantages.


 


Table
7. Cookie Quality Standards According to SNI 01-2973-2011



 
  	
  No.

  
  	
  Testing Criteria

  
  	
  Unit

  
  	
  Standard

  
 

 
  	
  1

  
  	
  Odor

  
  	
  -

  
  	
  Normal

  
 

 
  	
  2

  
  	
  Taste

  
  	
  -

  
  	
  Normal

  
 

 
  	
  3

  
  	
  Color

  
  	
  -

  
  	
  Normal

  
 

 
  	
  4

  
  	
  Moisture Content

  
  	
  %

  
  	
  Max. 5

  
 

 
  	
  5

  
  	
  Crude Fiber

  
  	
  %

  
  	
  Max. 0.5

  
 

 
  	
  6

  
  	
  Protein (N × 6.25)

  
  	
  %

  
  	
  Min. 6

  
 

 
  	
  7

  
  	
  Fat

  
  	
  %

  
  	
  Min. 9.5

  
 

 
  	
  8

  
  	
  Carbohydrates

  
  	
  %

  
  	
  Min. 7

  
 

 
  	
  9

  
  	
  Ash

  
  	
  %

  
  	
  Max. 1.5

  
 

 
  	
  10

  
  	
  Mold and Yeast

  
  	
  Colony/g

  
  	
  2 × 10²

  
 




 


The quality
assessment of TUBIC was evaluated against organoleptic and chemical standards
specified in SNI 01-2973-2011. The standard emphasizes acceptable odor, taste,
and color, together with specific requirements for moisture, protein, fat,
carbohydrate, fiber, ash, and microbiological quality. These standards show
that cookie products should maintain low moisture content to ensure crispness
and shelf stability while providing sufficient nutrient density. Therefore,
both sensory and nutritional aspects were considered when evaluating the
suitability of TUBIC formulations.


 


Market
Survey and Cost Analysis


The cost analysis showed
that Formula 3 was the most economical formulation, costing Rp 3,945 per
serving (50 g). Compared with Formula 1, Formula 3 reduced production costs by
Rp 400 per serving, representing a 9.2% decrease. Formula 2 reduced costs by
approximately 4.8% compared with Formula 1. The lower cost of Formula 3 was
primarily associated with its reduced tempe flour content. Consequently,
Formula 3 may provide the most feasible option for commercial-scale production
without compromising sensory acceptance.


 


Nutritional
Composition


Based on the
estimated nutritional analysis presented in Table 3, Formula 1 provided the
highest energy and protein content due to its greater proportion of tempe
flour. All formulations satisfied the protein requirement specified by SNI
2973:2011, which requires a minimum protein content of 6% (equivalent to
approximately 3 g per 50 g serving). Fat content in Formulas 1 and 2 exceeded
the minimum requirement, whereas Formula 3 approached the minimum threshold.
Carbohydrate content remained relatively constant across formulations and
substantially exceeded the minimum standard. Therefore, all formulations
complied with major nutritional requirements, although Formula 1 showed
superior nutritional density.


 


Moisture
Content


The moisture
content values obtained in this study exceeded the maximum limit established by
SNI 01-2973-2011, which specifies a maximum moisture content of 5%. Formula 1
exhibited the highest moisture content, followed by Formulas 3 and 2. Excessive
moisture may negatively affect product quality by promoting microbial growth
and shortening shelf life. The differences among formulations may be attributed
to variations in ingredient composition, dough structure, baking conditions,
and water-binding capacity. Therefore, further optimization of the baking
process may be required to reduce moisture content and improve storage
stability.


 


Color
Characteristics


The CIELAB color
analysis revealed significant visual differences among the formulations.
Formula 2 exhibited the highest lightness and yellowness values, whereas
Formula 1 displayed the greatest redness intensity. These differences can be
explained by variations in the proportions of tempe flour, egg yolk, and purple
sweet potato. The higher protein content in Formula 1 likely enhanced Maillard
browning reactions, resulting in increased redness. In contrast, anthocyanins
and β-carotene present in purple sweet potato influenced the color profile
of Formulas 2 and 3. These findings confirm that ingredient composition and
thermal processing jointly determine the visual appearance of TUBIC.


 


Organoleptic
Evaluation


Color
Acceptance


Color is one of
the most important sensory attributes because it is the first characteristic
perceived by consumers (Irferamuna et al., 2019). Formula 3 received the
highest color acceptance score, likely because its darker appearance provided a
more attractive visual impression. Differences in color acceptance may also be
related to variations in Maillard reactions and anthocyanin content. Baking
conditions further influenced color development. Therefore, both formulation
and processing conditions contributed to color perception.


 


Aroma
Acceptance


Aroma plays a
critical role in food acceptance because it provides an immediate indication of
product quality (Wahyuni, 2011). Formula 1 produced the strongest savory aroma
due to its higher tempe flour content and inclusion of egg yolk. Formula 2
retained a pleasant savory aroma but with reduced intensity. Formula 3 combined
a savory aroma with subtle sweet notes derived from purple sweet potato. These
differences show the contribution
of ingredient composition to aroma formation.


Taste
Acceptance


Taste is a key
determinant of consumer preference and is influenced by ingredient composition
and interactions among flavor compounds (Permatasari et al., 2021).
Formula 1 produced a stronger tempe flavor, whereas Formula 3 exhibited a more
balanced sweet-savory taste profile. The greater amount of purple sweet potato
in Formula 3 likely contributed natural sweetness and reduced the dominance of
tempe flavor. This balance may explain why Formula 3 achieved the highest
overall taste preference among panelists.


 


Texture
Acceptance


Texture is an
important quality attribute in cookie products and is strongly influenced by
moisture, fat, protein, and carbohydrate content (Cipto et al., 2016).
Formula 2 exhibited the lowest moisture content and consequently produced the
crispest texture. Formula 1, which had the highest moisture content, produced a
softer texture. Formula 3 showed intermediate moisture levels and a favorable
texture profile. These findings confirm that moisture content is a major
determinant of cookie texture and consumer acceptance.


 


Overall
Acceptance


Overall acceptance
reflects the combined perception of color, aroma, taste, and texture. Formula 3
received the highest overall acceptance score and the greatest proportion of
favorable responses from panelists. The balanced ratio of tempe flour and purple
sweet potato likely contributed to improved sensory harmony. Although all
formulations were generally acceptable, Formula 3 showed the greatest potential
for further product development. Therefore, Formula 3 can be considered the
optimal formulation based on sensory evaluation.


 


Statistical
Analysis


The Kruskal-Wallis
test showed no significant differences among formulations for any sensory
parameter (p > 0.05). Although numerical differences were observed, they
were insufficient to establish statistical significance. This outcome may be
attributed to the relatively small differences in ingredient proportions and
the uniform baking conditions used throughout the study. Nevertheless, Formula
3 consistently achieved the highest overall acceptance score. Consequently, all
formulations were considered acceptable, with Formula 3 showing the most
favorable sensory performance.


 


CONCLUSIONS AND RECOMMENDATIONS


TUBIC (Tempe Flour and Purple Sweet
Potato Substitution Cookies) can be developed as a functional food product with
favorable nutritional and sensory characteristics. Formula 3 was identified as
the most economical formulation, costing IDR 3,945 per 50 g serving, while
Formula 1 provided the highest nutritional value, containing 208.78 kcal of
energy, 8.25 g of protein, 5.43 g of fat, and 32.40 g of carbohydrates per
serving. All formulations met the requirements of SNI 01-2973-2011 for protein,
fat, carbohydrate, color, aroma, and taste; however, their moisture contents
exceeded the maximum permitted level, indicating the need for further
optimization of baking conditions to improve product stability and shelf life.
Color analysis showed that formulation differences significantly influenced
visual characteristics, with Formula 3 producing a darker appearance due to the
higher proportion of purple sweet potato, Formula 1 exhibiting the highest
redness, and Formula 2 showing the greatest yellowness. Organoleptic evaluation
analyzed using the Kruskal-Wallis test revealed no significant differences
among formulations across all sensory attributes, indicating comparable
consumer acceptance. Overall, TUBIC has strong potential as a nutritious,
cost-effective, and locally sourced functional snack with high BCAA and
antioxidant value. Future studies are recommended to optimize the baking
process to reduce moisture content, perform laboratory-based analyses of BCAA
and antioxidant levels, evaluate shelf-life stability and microbiological
quality, and assess consumer acceptance using a larger and more diverse panel
to support commercial product development.  


 


FURTHER STUDY


            Future research should optimize
the baking process to achieve moisture levels that comply with SNI standards
while conducting laboratory analyses of BCAA content, antioxidant activity,
shelf-life stability, microbiological safety, and consumer acceptance using a
larger and more diverse population. 
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