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ABSTRACT

	Introduction: The breadth of information and knowledge sources accessible to students during the learning process plays a crucial role in determining the quality of learning outcomes.
Objective: The aim of this study is to develop an e-module based on the findings of the study of the fermentation of kombucha leaves of Genitri (Elaeocarpus ganitrus) as a learning media for the Biotechnology course, as well as to test its validity and effectiveness in improving students' understanding and critical thinking skills.
Study design:  Development research with the ASIE model (Analyze, Strategize, Implement, Evaluate).
Place and Duration of Study:Biology Education Study Program, PGRI Madiun University, in the 2024/2025 academic year.
Methodology: The methodology of this study was ASIE model, which includes to analyze, strategize, implement, and evaluate stages. The analyze stage was conducted through interviews with lecturers to identify the need for teaching materials and analysis of the kombucha Genitri fermentation material. The strategize stage included content planning, visual design, research-based material development, and validation by media and material experts. HOTS questions were used in the pretest and posttest. The implement stage was conducted on Biology Education students using a one-group pre-test/post-test design. The evaluate stage included data analysis from validation results and N-gain tests on student learning outcomes.
Results: The validation results showed a feasibility percentage of 95% (media experts) and 86.67% (material experts), categorized as very feasible. The effectiveness test showed an average pretest score of 43.45 and a posttest score of 84.5, with an N-gain of 0.72, which is considered high. These findings indicate a significant increase in students' understanding of the fermentation concept and the potential of kombucha Genitri as a functional food product.
Conclusion: The e-module based on the findings of the fermentation of kombucha Genitri was developed as a valid, feasible, and effective learning resource for use in Biotechnology courses. The developed media enhanced students' conceptual understanding and critical thinking skills through contextual presentation of the material. Biotechnology learning using e-modules based on research on kombucha Genitri can enrich students' learning resources.
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1.0 INTRODUCTION
The breadth of information and knowledge sources accessible to students during the learning process plays a crucial role in determining the quality of learning outcomes. The gap between information technology developments and real-world conditions underscores the need for innovation in the form of integrated electronic teaching materials in digital learning. Teaching materials should be designed with innovative elements that can support the development of student’s competencies. Innovation itself is key to addressing changes and advances in information technology in the 4.0 era, particularly in education. An effective learning process no longer focuses on the lecturer as the center of activity, but rather positions students as active subjects, both physically and mentally (Valantinaite & Navickiene, 2024). 
E-modules are a form of e-educational material that is classified as interactive teaching material because it integrates text, images and videos, and allows users to control it directly (NorisE-module media has high flexibility and portability, and is easy to use, so it can visualize the material and processes of an event that is difficult to observe directly. E-module comes from the English letter "e" representing the electronic element, while "module" refers to structured learning materials (Ricu Sidiq & Najuah 2020). Another advantage is that e-modules can be easily accessed by students via devices such as smartphones or laptops. It's important to develop biotechnology modules to present abstract concepts in a contextual way that's relevant to local potential (Nurhaliza et al., 2024).
One form of innovation in e-module development is the creation of e-modules based on research findings. Project-based courses, such as Biotechnology, require e-modules as a medium for independent learning (Jumiami et al., 2024). The existence of research-based e-modules is crucial, given that effective learning resources contribute significantly to students' ease of conceptual understanding. E-modules have advantages over printed learning materials, particularly in their ability to present learning media such as video, audio, animation, and various interactive features that can be accessed and replayed as needed. These characteristics make e-modules innovative learning materials because they are able to present comprehensive, engaging content and optimally support cognitive development (Irmawati et al., 2023). The systematics of compiling e-modules based on research results include design, production and evaluation (Ende et al., 2022).  The e-module development process utilizes Microsoft Office Word to compile research-based materials, then visually designs them using the Canva platform.
Developments in learning technology are encouraging the integration of biotechnology research into teaching media such as e-modules, particularly with a contextual approach based on kombucha fermentation. Research by (Rahayu Lestari et al., 2023) this study demonstrates that the project-based learning food microbiology e-module on kombucha fermentation has proven to be highly valid and practical, and is capable of increasing student engagement and understanding through interactive, independent learning. This aligns with the training activities conducted by (Susilawati et al., 2024) which provides simple biotechnology practical training to biology teachers at MGMP through the production of kombucha as a form of strengthening practical competency and direct application in science learning in schools with limited resources. Furthermore, the study of bio-culture by (Paramita & Widjaja, 2025) highlights the potential of kombucha SCOBY not only as a food fermentation ingredient, but also as a biodegradable material for the development of sustainable products, such as synthetic leather or eco-friendly packaging.
Based on a brief interview with a lecturer teaching the Biotechnology course in the Biology Education Study Program at Universitas PGRI Madiun, there is currently no research-based e-module available that addresses the chemical characteristics of kombucha Genitri leaves. This material aligns with the learning outcomes in the Applied Biotechnology course, particularly in the analysis of the application of food biotechnology in everyday life. The use of e-modules is considered effective in improving students' conceptual understanding in the biotechnology course.(Noris et al., 2024). In addition to being an innovative learning medium, e-modules can also be designed to integrate research findings, thus providing a contextual and real-life case-based learning experience. The e-module based on the topic of Genitri kombucha fermentation was chosen because it combines several important aspects of biotechnology such as the potential of Genitri leaves, the production of Genitri kombucha, and kombucha fermentation, which have a deep correlation in the food industry functionally. The e-module material contains the production of Genitri kombucha as a local potential.
1.1 Research objective
Developing e-modules based on research findings is crucial for providing relevant and applicable learning resources. Research conducted by (Mubarrak et al., 2024)has developed a Flip HTML5-based e-module for the Biotechnology course, but the content is still limited to general material and has not yet addressed specific research findings. To date, no e-module has been found that specifically discusses research findings related to total acid, reducing sugar, and pH in kombucha from Genitri leaves (Elaeocarpus ganitrus), especially those that relate these parameters to fermentation time as a learning resource in biotechnology learning. Genitri leaves (Elaeocarpus ganitrus) as a local potential contain active compounds such as steroids, alkaloids, terpenoids, tannins, and flavonoids that have high antioxidant activity thanks to their flavonoid and phenol content (Sidha et al., 2024). Therefore, developing research-based e-modules is a strategic step to address the gap in contextual, empirically data-driven learning resources. The developed e-modules are expected to not only broaden students' understanding of the fermentation process but also foster critical thinking and analytical skills, as well as the ability to interpret data relevant to the development of functional food products.

2.0 Materials and methods
Research Design
This development research uses the ASIE model which consists of four main stages, namely Analysis, Strategic planning, Implementation, and Evaluation (Orhan, & Aydın, 2020). The analysis phase aims to identify students' initial needs, characteristics, and learning patterns so that the developed e-module aligns with user profiles. At this stage, interviews were conducted with lecturers teaching biotechnology courses to obtain information regarding the availability of teaching materials and materials requiring innovative learning media. Furthermore, material analysis on the topic of kombucha Genitri fermentation was conducted to ensure the content aligned with learning outcomes.
The analysis stage, starting with an analysis of students needs regarding the need for modules in the field of biotechnology. Strategic planning is carried out by analyzing Biotechnology learning achievements, identifying the potential for integrating local wisdom of genitri plants, culture, and contextual issues. Implementation stage developing an initial prototype. Conducting student trials and expert validation. Analysis stage is conducted at each stage. Summative evaluation: measuring the effectiveness of the e-module

2.1 Research Instrument
The strategize phase focused on the e-module development process, from content planning and visual design to developing materials based on research on kombucha genitri fermentation. Validation was then conducted by media and content experts to assess the product's feasibility before testing. This phase also included the development of test instruments in the form of higher-order thinking skills (HOTS) questions, which were used in pretests and posttests to measure student understanding. The instruments in this study were observation sheets and e-module validation sheets,  pre-test and post-test questions, Validation rubric for linguists and module experts, interview sheet.
The implementation phase was carried out after the e-module was declared feasible based on validation results. The trial was conducted on biology education students who had taken a biotechnology course. The research design used was a one-group pretest–posttest design, where students were given a pretest before learning, then studied the material through the e-module, and concluded with a posttest to determine improvements in learning outcomes.
2.2 Data analysis
The evaluation stage is the final assessment process for the e-module. The evaluation includes analysis of expert validation data (media and materials) and analysis of student trial results (pretest–posttest). The material experts in this study were biology lecturers who mastered biotechnology topics, particularly fermentation. Media experts were lecturers or practitioners with expertise in the field of learning technology. The media expert's assessment covered aspects of format, content organization, typography, layout, and visual appeal, while the material expert's assessment covered content suitability, conceptual accuracy, and the material's relevance to biotechnology learning objectives. The analysis of the e-module validation data was calculated using the following formula:
Validity Value = X100%

The results of the assessment percentage data obtained are interpreted according to the validity criteria in table 1. The assessment percentage data obtained are then interpreted according to table 2.
Table 1. Assessment Criteria for E-Module Compilation
	Score
	Indicator

	1
	Not good/not appropriate

	2
	Not good/not suitable

	3
	Good enough/suitable enough

	4
	Very Good/ Appropriate


Adopted and developed from(Faizah et al., 2023)

The following is a table of E-module validity categories:
Table 2. E-Module Validity Categories
	Achievement Level (%)
	Category

	81-100
	Very Valid

	61-80
	Valid

	41-60
	Quite Valid

	21-40
	Less Valid

	0-20
	Invalid


Adopted and developed from (Noprina & Handayani, 2021)

Data on the effectiveness of the e-module on mastery of critical thinking skills was obtained through pre-tests and pos-tests. Students' critical thinking skills were measured by comparing the results of the two tests, then analyzed using the N-Gain test adapted from (Ramadhan et al., 2025).

The following is a table of the E-module effectiveness criteria:
N-gain =
Table 3. E-module Effectiveness Criteria Based on N-Gain
	Value Range
	Criteria

	0.70<𝑔≤1.00
	Tall

	0.30<𝑔≤0.70
	Currently

	0.00<𝑔≤0.30
	Low


Adopted and developed from ( Ramadhan et al., 2025)

3.0 Results and Discussion
Based on the results of interviews with biotechnology course lecturers, there is no e-module for research results yet, students usually use handouts and practical procedures.
The analysis of the need for e-modules based on the results of interviews with lecturers in charge of the Biotechnology course shows that e-modules based on research are highly needed in the Biotechnology course, especially in the Biology Education Study Program at PGRI Madiun University. The e-module focuses on the fermentation of kombucha using local ingredients, namely genitri, which can be used as a reference, teaching material, and learning resource in the Food Biotechnology course. One of the learning outcomes in the Biotechnology course is analyzing the fermentation process as an application of industrial biotechnology. The e-module compiled is considered linear and needed in learning.
3.1 E-module features.
Development of research E-modules based on the results of the development of E-modules, a display of some of the E-module features is presented as follows:
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Figure 1. Cover Features
	[image: ]Figure 2. Introduction Features
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Figure 3. Table of Contents feature



The e-module was developed based on research focusing on the potential of kombucha genitri and kombucha fermentation techniques. Validation of the e-module was conducted by media experts, examining several aspects, resulting in the following data:
Table 4. Linguist validation results
	No.

	Rated aspect
	Assessment Score

	
	
	1
	2
	3
	4

	1.
	Language Presentation	

	
	a. Grammatical Correctness:
· Sentence structure according to rules
· Spelling and punctuation
	
	
	
	

	
	b. Integration of Language and Context
	

	
	
	

	
	c. Ease of understanding messages or information in learning activities
	
	
	
	

	
	d. Accurate use of symbols and punctuation
	
	
	
	

	2
	Learning Aspects

	
	a. Suitability of media with learning resources
	
	
	
	

	
	b. Clarity of learning flow in e-modules
	
	
	
	

	
	c. Clarity of theme and sub-theme levels in e-modules
	
	
	
	

	
	d. The ability of e-modules to attract students' attention and participation in learning
	
	
	
	

	
	e. Clarity and functionality of images with concepts
	
	
	
	

	3.
	Systematics

	
	a. E-module cover design
	
	
	
	

	
	b. Compliance of the e-module structure with the table of contents
	
	
	
	

	
	c. Clarity of letters displayed on the e-module
	
	
	
	

	
	d. Suitability of button selection and placement on e-module
	
	
	
	

	
	e. Accuracy in selecting the color of text, images and e-module background
	
	
	
	

	
	                        Total
	
	
	52
	



The validation of material experts is presented in the following table:
Table 5. Module expert validation results
	No.

	Rated aspect
	Assessment Score

	
	
	1
	2
	3
	4

	1.
	Presentation

	
	a. Consistency of systematic presentation of material
	
	
	
	

	
	b. The complexity of the concepts presented
	
	
	
	

	
	c. There are instructions for use and a summary
	
	
	
	

	
	d. Presentation of conceptual and applicable e-modules for students
	
	
	
	

	
	e. The presentation of e-modules is in accordance with one of the learning outcomes of the biotechnology course.
	
	
	
	

	2
	Contents

	
	a. Explanation of the concept of microbial fermentation in biotechnology
	
	
	
	

	
	b. Compliance with the scope of biotechnology studies, especially food fermentation
	
	
	
	

	
	c. The presentation of research results is relevant to the needs of biotechnology courses.
	
	
	
	

	
	d. Compliance with the Development of Science and Technology
	
	
	
	

	
	e. Current Affairs, Features, Examples and References
	
	
	
	

	
	f. E-modules can be accessed repeatedly
	
	
	
	

	
	g. Suitability of the image to the material presented
	
	
	
	

	
	h. E-modules can be accessed anywhere
	
	
	
	

	
	i. The material presented can be practiced in the Biotechnology course.
	
	
	
	

	
	j. Materials in accordance with scientific developments
	
	
	
	

	
	Total
	52
	
	
	



3.2 Material validation
The e-module was assessed by subject matter and media experts using a validation instrument developed based on feasibility aspects. A summary of the validation results can be seen in the following table:
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	Validator
	Rated aspect
	Maximum score
	Score obtained
	Presentation
	Eligibility criteria

	Media expert
	Language, presentation aspects and systematics
	60
	57
	95%
	Very worthy

	Subject matter expert
	Presentation, suitability of content
	60
	52
	86.67%
	Very worthy



The results table shows that the E-module obtained a percentage of 95% from the feasibility test from media experts and 86.67% from material experts who had very valid indicators based on the criteria in table 2.
3.3 Validators’ suggestions
During the revision stage, the media expert and material expert validators received suggestions, including several sections that required changes. The following are the validators' suggestions regarding the e-module developed during the validation test:
Table 7. Revision Suggestions from Media Expert and Material Expert Validators
	Validator
	Suggestion
	Repair

	Media Expert Validator
	There are a few typos on page 4 and page 5.
	Already repaired

	Subject Matter Expert Validator
	It would be better to add a separate concept of fermentation, various types of fermentation and which type of fermentation kombucha is included in.
	A special chapter on the concept of fermentation has been added.



The e-module was then revised to address wording errors and add a special chapter on fermentation. The following is a look at the e-module before and after revision:
Table 8. e-Module before and after revision
	Before
	After
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The effectiveness of the e-module was determined based on the pretest and posttest results for students, consisting of 10 questions focused on the content of the developed e-module. The pretest and posttest scores were processed using an N-gain test to determine the effectiveness of the e-module. The results of the N-gain test are shown in Table 9.
The e-module was developed based on research on kombucha Genitri, specifically on the fermentation process. The development of the e-module was based on an analysis of the need for materials conducted through interviews with lecturers in charge of the Biotechnology course of the Biology Education study program, Universitas PGRI Madiun. The learning outcomes of white biotechnology, which emphasize fermentation and industrial biotechnology, demonstrate the existence of a research-based e-module that is structured, linear, and needed in the learning process as a reference, teaching material, or learning resource. The results of the e-module validation conducted by media experts and material experts showed results of 95% by media experts and 86.67% by material experts, respectively. The resulting data show that the e-module compiled and developed is valid and suitable for use based on the e-module validity categories in Table 2. The feasibility of the media in compiling the e-module is based on the presentation and systematic aspects. The media expert validator added suggestions for correcting word errors on pages 4 and 5, and these have been corrected. Meanwhile, the validation test by material experts focused on the presentation and suitability of the e-module content. The material expert validator provided several suggestions, including the addition of a chapter that focuses on explaining the various types of fermentation and the concept of fermentation in kombucha, which was then revised and added to chapter 2, namely the special chapter on fermentation.
Table 9. N-gain Test Results
	Pretest Average
	Posttest Mean
	
	N-gain
	Criteria

	43.45
	84.5
	
	0.72
	Tall


(Ramadhan et al., 2025)
The table shows that the N-gain value is 0.72, which is considered high based on the criteria in Table 3.

The results of the N-gain effectiveness test on the protest and pretest results conducted on students showed an increase in scores. The high N-gain value indicates that the e-module improved students' understanding of the fermentation topic and the potential of kombucha genitri. The development of the e-module was able to improve students' critical thinking skills because it contained various advantages, one of which was encouraging more seriousness and focus in completing the learning material (Nurlaili et al., 2021). The N-gain test results showed an average of 0.72, indicating that the results were in the high category. This data aligns with research on e-modules based on guided discovery learning in learning colligative material, which obtained an N-gain of 0.71 (high) (Luthfiani & Yerimadesi, 2022). Studies show that the use of e-modules in online learning significantly increases students' motivation, self-confidence, and learning outcomes (Delita et al., 2022). Based on the research results (interview results, observations, e-module validation), pre-test, post-test, data obtained showed that the e-module had an effect on increasing understanding of the concept of kombucha fermentation. Students' conceptual understanding of fermentation using modules, handouts, and practical work. Practical work in class can improve understanding of fermentation concepts (Yilmaz, 2021).


4.0 Conclusion AND RECOMMENDATION
The development of an e-module based on the results of research on the fermentation of kombucha leaves of genitri has successfully produced valid, feasible, and effective teaching materials for use in Biotechnology learning. The validation results show a very high feasibility percentage, namely 95% by media experts and 86.67% by material experts. The effectiveness test using the N-gain method obtained a score of 0.72 (high category), which indicates a significant increase in students' understanding of the concept of fermentation and critical thinking skills. This e-module is able to present material contextually and can be an alternative innovative learning resource relevant to the learning outcomes of the Biotechnology course. The development of this e-module can be recommended for biotechnology learning for students.
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1.1 Latar Belakang

Bioteknologi merupakan cabang ilmu Biologi yang mempelajari pemanfaatan
organisme hidup dan produk turunannya dalam berbagai bidang, termasuk industri pangan.
Pada lingkup pendidikan tinggi, Bioteknologi menjadi salah satu mata kuliah yang
menuntut mahasiswa memahami konsep, proses, serta penerapan ilmiah secara kontekstual
dan aplikatif. Salah satu materi yang menjadi fokus pembelajaran adalah fermentasi, yakni
proses biokimia yang melibatkan mikroorganisme untuk mengubah substrat organik
menjadi produk dengan nilai tambah. Penyediaan sumber belajar yang relevan dengan
kehidupan sehari-hari sangat penting untuk mendukung pemahaman mahasiswa terhadap
konsep bioteknologi secara lebih mendalam.

Kombucha merupakan salah satu produk fermentasi yang banyak dikembangkan
karena memiliki nilai fungsional yang tinggi. Kombucha dibuat dari larutan teh manis yang
difermentasi oleh konsorsium mikroorganisme simbiotik, yaitu bakteri dan khamir, yang
dikenal sebagai SCOBY (Symbiotic Culture of Bacteria and Yeast). Fermentasi ini
menghasilkan senyawa bioaktif seperti asam asetat, asam glukonat, vitamin B, dan enzim
yang bermanfaat bagi kesehatan. Penambahan bahan alami lokal, seperti daun genitri
(Elaeocarpus ganitrus), menjadi salah satu inovasi dalam pengembangan kombucha yang
potensial untuk dikaji lebih lanjut dalam konteks pendidikan bioteknologi.

Daun genitri diketahui mengandung senyawa aktif seperti flavonoid, alkaloid, tanin,
steroid, dan fenol yang bersifat antioksidan dan antibakteri. Senyawa-senyawa tersebut
berkontribusi terhadap peningkatan kualitas kombucha dari segi kestabilan pH, total asam,
dan potensi probiotik. Kombinasi antara daun genitri dan proses fermentasi teh
menghasilkan produk minuman yang tidak hanya memiliki nilai gizi, tetapi juga
mencerminkan penerapan kearifan lokal dalam ilmu bioteknologi.

Pembelajaran bioteknologi diperlukan sumber belajar yang mampu menghadirkan
pengalaman belajar berbasis riset. Penyusunan e-modul berbasis penelitian fermentasi
kombucha genitri tidak hanya memperkaya materi ajar dalam mata kuliah Bioteknologi,
tetapi juga menjadi upaya untuk mengintegrasikan hasil penelitian mahasiswa ke dalam
proses pembelajaran. Melalui e-modul ini, pembelajaran bioteknologi diharapkan menjadi

lebih kontekstual, aplikatif, dan relevan.
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