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ABSTRACT

Banana chip production in Ngargoyoso Tourism Village, Karanganyar, generates banana peel waste that has not been optimally utilized. This study aimed to develop cookies using banana peel flour as a partial substitute for wheat flour and to assess panelist acceptance of the resulting products. The research used an experimental approach supported by documentation, interviews, literature review, and questionnaire-based organoleptic evaluation. Banana peels were selected, washed, sun-dried for approximately three days, ground, and sieved into flour. Three cookie formulations were prepared by varying the proportion of wheat flour and banana peel flour. The formulations used the same quantities of butter, brown sugar, icing sugar, eggs, baking soda, baking powder, cashew, and chocolate chips, while the flour composition was adjusted across recipes. Product assessment focused on sensory attributes, including taste, colour, texture, aroma, and appearance. Fifteen panelists, consisting of trained, semi-trained, and untrained participants, evaluated the products. The results indicated that cookies containing banana peel flour were acceptable to panelists. Product C received relatively favourable responses for colour, texture, taste, and appearance, although the manuscript reports no statistically significant difference among the tested formulations for several sensory attributes. The findings suggest that banana peel flour can be explored as an ingredient for cookie development and as a potential value-added product for local MSMEs in Ngargoyoso Tourism Village.
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1. INTRODUCTION
Indonesia is a fertile country, which significantly supports the region's efforts to increase agricultural production, including bananas. Bananas are a horticultural crop that can bear fruit at any time, not seasonally. Bananas are widely used by the community, from the roots, stems, leaves, and even the peel. However , most banana peels have no usable value, resulting in wet organic waste that causes environmental pollution. Therefore, it is necessary to manage banana peel waste by using it as an ingredient in food, beverage, medicine, or other high-value products (Septian Maksum et al., 2024).
Bananas are a readily available fruit with high nutritional value. They can be consumed directly or processed into various home products such as fried bananas, boiled bananas, or in the industrial world, such as processed into banana sale, banana chips, smoothies/juices, ice cream, bread/cakes, flour, and can be used as other food ingredients (Sari, 2024) . Ngargoyoso District, Karanganyar Regency, is known for its superior natural tourism destinations and areas producing flower and agricultural plantations, including bananas. The high growth of the tourism industry in the Ngargoyoso tourist village area has led to an







increase in culinary MSMEs that process bananas into various products such as banana molen, chips, sale, and other traditional products. However, behind this achievement, a new challenge has emerged in the form of the accumulation of banana peel waste, which until now has not been utilized optimally and often ends up as worthless organic waste.
Banana peels have high nutritional value, similar to bananas. The nutritional content of banana peels is (crude protein 3.63%, crude fat 2.52%, crude fiber 18.17%, calcium 7.8%, and phosphorus 2.06%). Banana peels also have a higher antioxidant content than bananas, at 63.33% (Mulyati et al., 2020). This opens up a significant opportunity to transform this waste into functional food raw materials, one of which is cookies. Cookies were chosen because they are a popular snack product, have a long shelf life, and are unique, making them popular with tourists as souvenirs.
cookie innovation research began with the problem of accumulating unused banana peel waste. Banana peel waste is actually rich in fiber and antioxidants for functional foods. The use of banana peel flour is still limited due to the need for a drying process and its characteristics of dark color, strong aroma, and tannin content that can damage the taste, crispy texture, and consumer acceptance. Therefore, this study aims to find the most optimal formulation of banana peel flour substitution percentage to produce cookies with high nutritional value, good texture, and remain popular with the public.
Innovating banana products with a zero-waste concept can reduce waste and increase the value of banana components. Zero waste focuses on utilizing every component of the material, eliminating excess waste and encouraging creative processing innovation. Implementing zero waste not only reduces negative environmental impacts but also boosts the local economy and creates job opportunities for local communities (Asfar et al., 2023) .
This banana peel product innovation aims to optimize the percentage of banana peel flour substitute formulation to produce highly nutritious cookies . Through this approach, this research is expected to contribute theoretically and practically to business owners, providing a guide to formulating banana peel flour for MSMEs in developing functional foods that support a sustainable economy.

2. LITERATURE REVIEW
2.1. Product Development Strategy

Product development is an activity undertaken by a company to improve or create new products to achieve superior performance and keep pace with market segment developments. Product development efforts aim to improve product quality, meet market needs, win the competition, increase sales volume, optimize resources, and avoid consumer saturation with existing products (Ramadhina et al., 2024) .
Researchers will develop and collaborate with the owner of the Minios Winner factory in Sumber Echo. They will develop a chip product with cookies to utilize banana peels, a byproduct of chip production, and boost the economy in the Ngargoyoso tourist village. This collaboration aims to utilize banana peel waste and develop it into a high-value product. It also aims to increase knowledge about processing production waste into high-value and profitable products.
2.2. Banana peel waste

Banana peels are rich in starch (3%), crude protein (6-9%), crude fat (3.8-11%), total dietary fiber (43.2-49.7%), and polyunsaturated fatty acids, especially linoleic acid and α-linolenic acid, pectin, essential amino acids. Banana peels are also a good source of lignin (6-12%), pectin (10-21%), cellulose (7.6-9.6%), hemicellulose (6.4-9.4%) and galacturonic acid. Pectin extracted from banana peels also contains glucose, galactose, arabinose, rhamnose, and xylose (Sari, 2024) .
All types of banana peels can be processed into flour due to their thick fiber structure and high starch and calcium content. As a flour substitute, the dietary fiber contained in banana peels can have physiological effects, such as reducing cardiovascular disease, constipation, intestinal irritation, colon cancer, and diabetes (Rodriguez) (Hariyono et al., 2023)
2.3. Product innovation

Product innovation is the result of developing new products from companies or industries, from products that already exist or not, from old products that do not sell well on the market, therefore they are innovated to replace these products. Replacing a product can be done as a whole new product or by developing an old product into a more modern product, so that it can continue to increase consumers' desire to buy a product (Kojo et al., 2018) .

Based on the above understanding, researchers innovated cookies by adding banana peels to the formulation. The banana peel-innovated cookies aim to increase cookie variety and increase community income.
2.4. Cookies
Cookies are biscuits made from soft, crispy dough that appears hollow when broken. The main ingredient used in making cookies is wheat flour. Wheat flour contains a protein called gluten. Gluten traps the gas produced by fermentation during cookie making , allowing cookies to rise (Marwa et al., 2023) .
2.5. Community development and empowerment

Community empowerment is a strategy to improve the well-being and empowerment of individuals within a community. One innovative approach to community empowerment is to utilize local resources available in their environment (Amaliah Nafiati et al., 2024) . In this study, community empowerment can be achieved by providing guidance and training on utilizing banana peel waste to create valuable, marketable products.
3. PREVIOUS RESEARCH
In this case, the researcher used 10 journals for research references, the first journal entitled "Training in the Utilization of Banana Peel Waste as a Mixture of Food and Beverage Ingredients" written by Devita Sari, Septia Dwi, Ike Dian. The research method used is Socialization, Training, Practice and Assistance in Waste Management, the results of this study are Training in managing banana peel waste into banana peel drink products (lisang drink) and banana peel brownies showing that waste/garbage that is simply thrown away turns out to produce products that have high selling value. (Sari, 2024) .
The second journal is entitled Model of Banana Center Empowerment based on Local Wisdom and Social Capital in Karanganyar Regency, Central Java, written by Agung Wibowo, Eny Lestari, Paramita Rahayu. The research method is a phenomenological paradigm with qualitative methods, the results of this study are the values of local wisdom and community social capital are determining factors for the success of banana center empowerment. This local wisdom is shown in the selection of plant seeds, banana cultivation, harvesting, preservation of local varieties, and maintaining land fertility (Wibowo et al., 2022) .

The third journal is entitled Optimization of Ngargoyoso Tourism Village, Karanganyar: Natural Resource Utilization Strategy for Local Economic Improvement written by Firdaus Dian and Nugraha Panjaitan. The research method used is Qualitative through in-depth interviews, direct observation, and literature studies. The results of this study are the need for a comprehensive strategy regarding digital promotion, sustainable infrastructure development, human resource capacity building through training, and empowerment of local communities in tourism management . The involvement of youth organizations and local community groups is the key to the successful development of sustainable tourism villages that combine economic, social, and environmental conservation aspects (Panjaitan, 2025) .
The fourth journal, entitled "Diversification of Banana Processing in Improving the Community's Economy," was written by Mahmuda, Dewi. The research method used was entrepreneurship socialization and discussion, as well as practical training in making lumer lumpia bananas in Liabuku Village. The results of this study are that the training in making crispy bananas has a real and useful impact on the community, providing additional income, thereby improving community welfare, especially in Liabuku Village, Bungi District, Baubau City (Mahmuda & Rizal, 2023) .
The fifth journal, entitled "Product Design Training for the Candi Makmur Ngargoyoso Farmers Group as a Branding Effort for Red Guava Fruit Papersoap," was written by Aulia Nur Rahmawati, Atur Semartini, and Rahma Bayunita Hapsari. The research methods used were outreach related to branding, public speaking, and product design training. The results of this study showed that the community was able to acquire skills in product design and creating papersoap slogans. (Aulia Nur Rahmawati et al., 2024) .
The sixth journal entitled Community Empowerment with Banana Peel Organic Waste Processing was written by Dewi Amaliah Nafiati, Neni Hendaryati, Nurul Afifah, Widya Antika Marlinda, and Vina Ayu Silviana. This research was conducted through the Extension Stage, Demonstration Stage, Product Distribution Stage, and Mentoring Stage. The results of the research resulted in the creation of new job opportunities and strengthening the local economy. The development of the banana peel chip industry increases the sense of ownership, independence, and environmental awareness among local communities. (Amaliah Nafiati et al., 2024) .

The seventh journal entitled Chemical and Organoleptic Characteristics of Yellow Kepok Banana Peel Flour Brownies (Musa paradisiaca L.) written by Fika Putri Syafira, Lia Amalia, Titi Rohmayanti. The research method used is a two-factor factorial Completely Randomized Design (CRD) and data analysis using ANOVA with Duncan's Advanced Test. The results of this study are the analysis of variance (ANOVA) known the ratio of flour (wheat flour: yellow kepok banana peel flour), the addition of sucrose and their interactions have an effect on the chemical characteristics (water content, ash content, fat content, protein content, and carbohydrate content), sensory quality (color and aroma) and hedonic (color) of brownies. The ratio of wheat flour: yellow kepok banana peel flour and the interaction between the ratio of flour and the addition of sucrose have an effect on the sensory quality (texture). The addition of sucrose and the interaction between the ratio of flour and the addition of sucrose have an effect on the sensory quality (taste) of the resulting brownies . (Syafira et al., 2024) .
The eighth journal entitled Antioxidant Compound Group Test of Ethanol Extract of Local Lampung Banana Peel Flour written by Aulia Ulmilla, Lilik Dwi Astuti, Eko Kuswanto. This research method is descriptive analysis. The results of this study are the antioxidant content of ethanol extract of kepok banana peel flour, namely 9.35 ppm (very strong), horn banana peel flour is 48.49 ppm (very strong) and muli banana peel flour is 62.31 ppm (strong). The groups of compounds identified in the three banana peel flours include alkaloids, flavonoids, tannins, saponins, steroids and terpenoids (Ulmillah et al., 2023) .
The ninth journal entitled Empowering MSMEs Through the Utilization of Waste "Banana Peel Flour and Processed Products" as an Effort to Prevent Stunting in Tanjungmojo Village, Kangkung, Kendal written by Widi Gilang Hariyono, Ali Nurhaqiqi, Ammara Asya Anugerahwati, Safira Armita Azzahra, Voni Sugesti, Iva Nurul Varicha, Mannunal Ulya, Deva Ardiana, Lu'lu Nur Azizah, Rianita Nur Afni, Muhammad Zaky Mubarok, Ratna Afriyani, Andri Pramuntadi. With an experimental research method with a Completely Randomized Design (CRD) experimental design model and educational outreach. The results of this study are increased community motivation and skills in utilizing locally sourced food ingredients and reduced household waste. (Hariyono et al., 2023) .
The tenth journal entitled "Developing the Potential of Srigonco Village Through Processing Bananas into Durable Processed Products" was written by Aji Bagus Priyambodo, Anisatul Istighfaroh, Dimas Rizka

Fariha, and Maratul Muthi'ah. The research method used is the Strength, Weakness, Opportunity, Threat, and Participatory Rural Appraisal analysis method. The results of this research are the creation of new jobs in the village, thereby reducing unemployment. Making the community more united and able to cooperate with each other. Periodic counseling to determine the level of product quality from the banana processing program. (Priyambodo et al., 2021) .
4. RESEARCH METHODS

4.1 Documentation

Documentation is information or data collected from an event, using accurate evidence, such as photographs, drawings, or other notes related to the tools, materials, and research process, from start to finish (Wahyuningsih et al., 2021) . In this method, the authors used it to record and document the cookie results in order to determine a cookie recipe that would be acceptable to the public.
4.2 Literature review

Literature study is a method of collecting data obtained from scientific books, research reports, and written sources, both printed and electronic, such as from books, journals, and the internet related to research (Fitriana, 2020) .
4.3 Interview

Interview is a communication interaction in the question and answer process with the aim of obtaining information, interviews are conducted when the interviewer asks questions to find out the views, knowledge, attitudes, experiences, and other aspects that are in accordance with the interviewee (Devi et al., 2024) . In this study, the author conducted interviews with the owner of the Minions Winner factory, Echo Source, and 15 panelists consisting of trained panelists consisting of educators and chefs, semi-trained from culinary students and untrained from the community around the Minions Winner factory, Echo Source, to assess the experimental products.
4.4 Experiment

An experiment is a study conducted to answer a hypothesis related to the causal relationship of a variable (Saroinsong et al., 2021) . Test Observation Parameters Physique : Color, texture (level of crispiness). Organoleptic Test (Hedonic): Aroma, taste, color, texture (preference test by panelists).

4.5 Validity and Reliability

Validity is the function of a measuring instrument. A test is considered to have high validity if it produces accurate results that align with the initial measurement objectives. In other words, a valid instrument is one whose measurement results truly reflect the reality or facts of the object being studied. Reliability refers to the consistency of measurement results, which are stable and reliable even after repeated testing. Thus, valid and reliable instruments ensure that research results are not only accurate and meet the objectives but also have a high level of reliability (Ramadhan et al., 2024) .
4.6 Questionnaire

A questionnaire is a data collection method that involves providing respondents with written questions or statements to answer (Wahyuni, 2018) . The author used the questionnaire method to determine the level of customer acceptance of banana peel cookies . This involved 15 community members, consisting of 5 trained, 5 semi-trained, and 5 untrained individuals.
ACTIVITY PROCESS

The process of making banana peel cookies includes processing banana peel waste into flour to substitute some wheat flour, making banana peel cookies and organoleptic testing, data analysis, and compiling a final report.
RAW MATERIAL

The ingredients needed to make banana peel cookies are wheat flour, banana peel flour, brown sugar, icing sugar, baking soda, baking powder, butter, eggs, chocolate chips, and chasew.
RESULTS AND DISCUSSION

1. Banana Peel Flour Production Process chart 1. Banana Peel Production Flow

Banana Peel
Smoothing
Banana Peel
Drying
Banana Peel
Washing
Banana Peel
Selection

Source: Research Data 2026 
Information :
1. Selecting banana peels: choose clean banana peels and then cut them into pieces.

2. Washing banana peels: cut banana peels are then washed under running water and then drained.

3. Drying: the banana peels that have been washed are then dried by drying them in the sun for approximately 3 days.
4. Refining: dry banana skin is then mashed and sieved.

2. Stages of Making Banana Peel Cookies

Table 1. Stages of Making Banana Peel Cookies
	No
	Material Name
	Recipe I
	Recipe II
	Recipe III

	1.
	Butter
	400 gr
	400 gr
	400 gr

	2.
	Brown sugar
	175 gr
	175 gr
	175 gr

	3.
	Icing sugar
	175 gr
	175 gr
	175 gr

	4.
	Whole egg
	3
grains
	3
grains
	3
grains

	5.
	Triangle flour
	506 gr
	337.5
gr
	169 gr

	6.
	Banana peel flour
	169 gr
	337.5
gr
	506 gr

	7.
	Baking soda
	5
grams
	5
grams
	5
grams

	8.
	Baking powder
	10
grams
	10
grams
	10
grams

	9.
	Chasew
	250 gr
	250 gr
	250 gr

	10.
	Chocolate chips
	250 gr
	250 gr
	250 gr


Source: Research Data 2026



Information :

The table above shows 3 recipes for banana peel cookie formulations with a formulation of 75% banana peel, 0% banana cultivar, 25% banana peel.
chart 2-. Flow of making banana skin cookies
Packaging
Roasting
Printing
Addition of Dry
Ingredients
mixing of fat
ingredients

Source: Research Data 2026 Information :
1. Mixing Fat Ingredients : Mix butter, brown sugar, powdered sugar, eggs, until well blended or becomes a soft cream.
2. Adding Dry Ingredients : Add the flour, banana peel flour, baking powder, baking soda into the dough gradually, then add the cashew and chocolate chips.
3. Molding : shape the dough using your hands then arrange it on a baking sheet that has been greased with butter.
4. Baking : banana skin cookies that have been arranged on a baking sheet are then baked at 180⸰
for 15-20 minutes.

5. PRODUCT ASSESSMENT RESULTS
Figure 1. Graph of banana skin cookie assessment results
BANANA PEEL COOKIES ASSESSMENT
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Source: Research Data 2026 Information :
1. FLAVOR

The taste of product A with the addition of 25% banana peel flour tends to be sweet, the taste produced by product B with the addition of 50% banana peel flour is a combination of sweet and slightly bitter, product C with the addition of 75% banana peel flour produces a distinctive taste that is sweet, savory and there is bitterness from the banana peel. Of the three banana peel cookies, the panelists prefer product C because product C has a unique and varied taste. There is no significant difference in the taste assessment between Products A, Product B, and Product C. The panelists assessed the taste of the three products as relatively the same or in a statistically equivalent category.
2. COLOR

The color of banana skin cookies product A has a light brown color that tends to be bright, product B is a darker light brown than product A, Product C produces a darker dark brown color. The majority of panelists chose the color of Product C because they were attracted to the darker, brighter color that does not look pale so it is attractive. There is no significant difference in the average score between the three products. Although Product C has the highest average (2.87) compared to Product A (2.80) and Product B (2.73), the difference is considered statistically insignificant. This indicates that the panelists' perceptions of the three products are at an equal quality level.

3. TEXTURE

Product A has a crunchy banana skin cookies texture, Product B has a crunchy and slightly fibrous texture, product C has a dense crunchy and slightly fibrous texture. The majority of panelists chose product C because it has a good texture that is crunchy, dense, fibrous. The results of the data analysis above are that Product C shows a slightly higher average rating (2.87) compared to Products A and B (both 2.67), the results of the ANOVA test show that the difference is not significant . This means that the panelists responded that the three products have relatively the same quality in the category tested.
4. APPEARANCE

All three banana peel cookies had an attractive and unique appearance, with bright, natural colors and a crispy texture. However, product A had a typical cookie appearance, as did product B. Product C had a more appealing, dark chocolate-like texture and a fibrous texture, leading the majority of panelists to choose product C.
6. CONCLUSION
Based on the results of research on the development of local food-based businesses, it can be concluded that banana peel waste from the chip business has great potential as a raw material for making cookies . Processing banana peels into flour is very effective as a substitute for wheat flour because it contains nutrients, fiber, and minerals and has a significant impact on reducing unmanaged organic waste. The cookie dough formulation combined with banana peel flour with supporting ingredients such as butter
, sugar ( brown sugar and icing sugar ), eggs, wheat flour, baking soda , baking powder , and added with cashew and chocolate chips is able to produce attractive cookie product characteristics . Then the oven process at a temperature of 180°C for 15 to 20 minutes successfully creates a product with a distinctive taste and a slightly bitter sensation from the banana peel. From an economic and business perspective, cookie product innovation has a positive impact on improving the economy of the community in the Ngargoyoso tourist area through the provision of innovative regional souvenirs. The use of waste raw materials with low economic value but high selling power has been proven to be able to reduce production costs and optimize business profit margins.
Limitations
The study used only 15 panelists, limiting the generalizability of the sensory results. Nutritional composition, dietary fibre, antioxidant content, microbial safety, tannin level, shelf life, and production cost were not tested. Statistical results were not fully reported, and no ANOVA table or p-values were provided. Wider consumer testing and business-feasibility analysis are needed.
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