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Abstract 

 

This study aimed to analyze the results of research on the content of edible mushrooms as 

milkfish feed to be implied as a digital module, a learning source for biotechnology 

concepts for high school students. The study was carried out through stages: identifying 

the problems in biotechnology concepts learning activities in four state senior high schools 

in Banten Province, identifying research methods and products through experiments, 

choosing and adapting research findings as the learning source content, and applying and 

developing research findings as learning. An interview grid and questionnaire were used to 

collect the data, and a qualitative analysis was used to interpret the questionnaires' results. 

The research results were in the form of a digital-based module in biotechnology concepts 

for high school students. The module contains activities that create student interest and 

motivation and help students master the concepts. In addition, the module's content was a 

research finding on the milkfish feed development from the edible mushrooms in the form 

of process and product. It can be concluded that a digital module on biotechnology concepts 

has been developed and can be used as a learning source for high school student. 
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INTRODUCTION 

Research results primarily related 

to biology can be used as learning 

sources and materials to support student 

learning activities. The new research 

findings will enrich student information 

and give a new perspective on learning 

biology. Generally, student activities in 

biology subject include student 

engagement in class, in‐class group 

interactions, laboratory activities, and 

field studies tasked with learning about 

the natural world (Humphrey & Wiles, 

2021; Marley et al., 2022). In addition, 

students' motivation, and confidence, 

should be increased through the 

educational process, encouraging 

meaningful learning, problem-solving, 

and critical thinking (Armbruster et al., 

2009; Manuaba et al., 2022). Therefore, 

it is crucial that teachers, who serve as 

learning facilitators, link what students 

learn in the classroom to what they see 

daily. Widyasari et al. (2013) and 

Alhawiti (2023) proved that involving 

students directly in the learning process 

could improve learning skills and 

students' long-term memory for 

comprehending the material. Long-term 

memory possessed by students can help 

solve problems in everyday life by 

digging back into students' memories.

 The milkfish feed development from 

the research of edible mushrooms can be 

used as a biology learning source. The 

research was based on the idea that 

edible mushrooms contain nutrients that 

benefit humans and may help support 

the nutritional requirements of other 

organisms, for example, milkfish 

(Chanos chanos) as one of the potential 

fish produced in Banten Province. 

Milkfish is one of Banten's specialties 

processed into sate bandeng, often used 

as souvenirs for tourists. Sate bandeng 

has many flavors, such as savory, sweet, 

salty, and spicy. The way of making it is 

also diverse, some are steamed, and 

some are burned. Likewise, the spices 

used are coconut milk, and some are not. 

Seasonings and manufacturing 

processes determine the quality and 

durability of sate bandeng (Meutia et al., 

2018). 

A significant increase in consumer 

interest in milkfish due to its delicious 

and affordable meat taste will impact 

milkfish aquaculture, especially in 

milkfish feed. Fish feed quality is key in 

impacting the aquaculture water 

environment (Kong et al., 2020; 

Rombenso et al., 2022; Zlaugotne et al., 

2022). Feed requires good nutrition, 

such as carbohydrate, fat, and protein 

levels in milkfish (Beveridge et al., 

2013). So far, the feed requirement is 

supplied with commercial feed, which 

costs a lot. Therefore, there needs to be 

an alternative fish feed that meets the 
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nutritional composition for the growth of 

milkfish. 

The information based on the 

research findings can also be connected 

to the biotechnology concepts for 

students in senior high school. 

According to the 2013 curriculum, the 

essential competencies for the 

biotechnology concept are essential 

competence 3.10 for the cognitive 

domain: analyzing the principles of 

Biotechnology and its application as an 

effort to improve human welfare and 

essential competence 4.10 for the 

psychomotor domain: presenting an 

experimental report for conventional 

biotechnology principles application 

based on the scientific method. 

However, it was revealed through a need 

analysis carried out in four public senior 

high schools in the Banten province that 

the teaching materials and learning 

resources provided for the 

biotechnology concept needed to be 

revised to support their academic 

achievement. Students can grasp the 

learning process for this biotechnology 

idea. However, the teaching materials 

and learning sources must be more 

attractive to increase students' 

motivation to comprehend the 

information. According to National 

Research Council (US) Committee on 

Undergraduate Biology Education to 

Prepare Research Scientists for the 21st 

Century (2003), adaptable modules from 

research results can be used for 

knowledge enrichment. It can be a 

desirable complementary means of 

strengthening the biology subject. 

Good quality curricular materials 

and adequate resources significantly 

affect student performance on 

standardized evaluations (Allen & 

Tanner, 2004). Rodriguez et al. (2022) 

suggested integrating natural material 

resources into the educational system as 

a suitable choice for education. 

According to Farhana et al. (2021), 

learning materials are tools used in the 

learning process. In order to accomplish 

predetermined learning objectives, 

teaching materials typically contain 

materials, learning methods and 

evaluations that are organized 

systematically and interestingly 

(Magdalena et al., 2020). Learning 

materials are highly recommended 

because they can provide students with 

an active learning experience. So that the 

learning objectives that have been 

designed can be achieved efficiently and 

effectively  (Daryanto,  2016; Ghani et 

al., 2021). According to Violandini 

(2019), learning materials have various 

types, such as books, magazines, 

modules, student worksheets, handouts, 

and video or audio teaching materials. 

The learning module is one of the 

learning materials used, and compared 
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to others, the learning module supports 

the independent learning process. Tohidi 

et al. (2019) suggested that modules 

contain many advantages for teachers 

and students, such as flexibility, 

accessibility, transferability, easiness, 

learner accountability, learner 

motivation, cost-effectiveness, a safe 

learning environment, and time-saving, 

in line with today's educational 

paradigm, which views students as 

learning objects and teachers as learning 

facilitators. In addition, as the world of 

education evolves, modules that were 

once merely printed instructional aides 

are becoming more sophisticated and 

innovative by sometimes modifying the 

growth of science. Some of these 

improvements or inventions feature 

digital copies of their modules that may 

be utilized on computers or gadget. In 

similar line of research, the finding by 

Putra et al., (2022) highlighted on the 

use of technology-based techniques 

using adaptive learning will  give 

students more interesting learning 

experiences. 

 Digitalization's influence on daily 

life profoundly affects every aspect of 

society (Lindberg et al., 2021; Van 

Veldhoven & Vanthienen, 2022) 

including education, which demands 

that students and teachers follow this 

fundamental change process. Once the 

technology is incorporated into the 

curriculum, students and teachers will 

perceive its efficacy. The advantages of 

digital-based modules as teaching 

material and learning sources are that 

they are interactive, simplify navigation, 

load graphics, music, video, and 

animation, and come with formative 

exams or quizzes (Mulyasari & 

Sholikhah, 2021). Furthermore, these 

multimedia technologies may make 

abstract subjects more concrete and 

exciting by accommodating various 

learning styles and improving students' 

understanding and information retention 

(Abdulrahaman et al., 2020). In addition, 

using digital-based modules enables 

feedback and encourages student 

participation in the learning process. The 

study aims to implement the results 

finding of milkfish feed development 

from edible mushrooms as a teaching 

material as a digital-based module in 

biotechnology concepts so that it can be 

used for high school students to study 

biotechnology concepts. 

METHOD 

The study was conducted from 

November 2021-May 2022. The 

methods were carried out through 

several stages. The first stage was to 

identify the problems in biotechnology 

concepts learning activities in four state 

senior high schools representing district 

and city in Banten Province (SMAN 4 

Kota Serang, SMAN 6 Kota Serang, 
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SMAN 1 Pabuaran, and SMAN 1 Kibin) 

using interview grid, and questionnaire 

students and biology teachers filled out. 

The items consisted of the perception of 

teaching material and learning sources 

based on student and teacher points of 

view and studied experience. Test the 

instrument's validity in this study 

conducted with content and construct 

validity and qualitative analysis used for 

interpreting the results of questionnaires. 

The next following stages were 

carried out for implementing research 

finding as module content, according to 

Suhardi (2012), were completed in three 

steps: 

· Identifying research methods and 

products 

· Choosing and adapting research 

findings to serve as educational 

resources 

· Applying and developing research 

findings as educational resources 

Prior   to research findings of 

milkfish feed development from Edible 

Mushrooms, an experiment method has 

been completed in October-December 

2021. 

RESULTS AND DISCUSSION 
As a result of the analysis from the 

interview process and questionnaire, 

teaching biotechnology is challenging 

based on the teacher's perspective. 

Biotechnology is a concept in Biology 

with a high level of conceptual 

complexity. As stated by Parsley & 

Siedow (1999), biotechnology consists of 

a gradient of technology ranging from 

long-established and widely used 

traditional and conventional 

biotechnology to novel techniques of 

modern biotechnology, such as enabling 

genetic manipulation of organisms. 

Studying biotechnology will allow the 

student to develop skills and investigate 

related issues, for example, food 

production, health, environment, etc. 

Sometimes teachers also need help 

finding a suitable model to deliver the 

concept. In order to satisfy the various 

learning requirements of their students, 

promote knowledge, encourage active 

participation, create a good learning 

environment, match instructional goals, 

and demonstrate professional experience, 

teachers must select an appropriate 

teaching model (Kim et al., 2019). 

Teachers may enhance the teaching and 

learning process and assist students in 

reaching their academic objectives by 

carefully choosing the suitable model. 

In addition, their English language 

skills needed to be adequate since they 

needed help keeping up with the most 

recent material since literature from 

scientific publications and textbooks was 

printed in English. Textbooks remain the 

most significant source for revealing 

what students will learn during the 

educational process. For students to 

correctly acquire the ideas and relate 
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them to one another in this context, the 

scientific quality, language, visuals, 

diagrams, and models, as well as the 

context and technical and physical 

characteristics employed in textbooks, all 

play essential roles (Barış & Kırbaşlar,  

2015 ). 

Students also need help while 

learning biotechnology. The concept is 

abstract, and much material should be 

mastered quickly. Before the student 

experiment, conventional biotechnology 

was easily found in the surrounding 

environment. Due to their relative ease, 

the teacher usually instructed the student 

to experiment with food production, such 

as yogurt, tempeh, nata de coco, and 

doughnut. The simplified procedures on 

the products should provide a basic 

overview of the processes related to the 

role of microorganisms. On the contrary, 

when it is related to modern 

biotechnology, it is not easy to carry out 

as it needs high technology, which did 

not become available in school.  

The suitability of the subject 

content and the student's developmental 

stages must be considered when choosing 

a learning resource. After a requirements 

analysis, the learning source materials 

used to implement the digital module 

were selected (Figure 1). Unfortunately, 

the learning materials offered for ideas in 

biotechnology could be more enjoyable. 

In addition, the vocabulary employed is 

challenging to follow, and there are far 

too many explanations without 

illustrations. Figure 1 shows that the 

learning module received the highest 

percentages, 80% and 50%, respectively, 

based on the findings of the questionnaire 

on the needs of biotechnology learning 

sources supplied to teachers and students 

as respondents. In order to improve 

student learning outcomes, Wahyuni et 

al., (2016) found that learning modules 

on the concept of biotechnology with 

experimental activities have a positive 

effect on the development of skills in 

students. Learning through modules also 

makes concepts and material easier to 

understand

.  

Figure 1. Results of the questionnaire on the required learning resource 

 Information and all data based on 

research activities must be clear about the 

possible availability of the item and the 

problems presented to be incorporated as 
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a learning resource. The research focuses 

on milkfish and edible mushrooms straw 

mushroom/Volvariella volvacea, king 

oyster mushroom/Pleurotus erygii, and 

enoki mushroom/Flammulina velutipes). 

The study revealed issues with how the 

content of the edible mushroom feed 

affects milkfish growth.  

Research findings may be 

categorized into two aspects a procedure 

and a product. Facts and ideas discovered 

are called research products (Sabarudin, 

2018). The information was obtained 

from the study's findings and related to 

how mushrooms' nutritional content can 

impact fish development. In contrast, the 

product in the form of a concept results 

from a generalization of fact products.  

The edible mushroom used in the 

research is essential in Indonesia and 

worldwide. Volvariella volvacea, 

Pleurotus erygii and Flammulina 

velutipes are the edible mushroom, is a 

highly nutritious food source that is 

widely cultivated on a commercial scale 

in many parts of Asia using agricultural 

wastes as growth substrates (Bao et al., 

2013; Chen et al., 2019; Christodoulou et 

al., 2023; Banerjee et al., 2020). The 

nutritious value of mushrooms can 

promote the growth of fish.  

Mushrooms are frequently 

referred to as neutraceuticals because of 

their medical and nutritional benefits. On 

a dry weight basis, mushrooms are 

regarded as an excellent source of 

digestible proteins (10–40%), carbs (3–

21%), and dietary fiber (3–35%). 

However, they are deficient in amino 

acids like cysteine and methionine that 

contain sulfur. In addition, mushrooms 

contain vital elements, including iron, 

copper, zinc, and manganese, which are 

crucial to biological processes 

(Gogavekar et al., 2014). Therefore, 

according to Rangel-Vargas et al. (2021), 

mushrooms are the perfect candidates to 

be included in the feed to improve their 

nutritional profiles due to their valuable 

nutritional contents of protein, dietary 

fiber, and bioactive substances. 

In this study, mycelial biomass 

rather than mushroom fruiting bodies 

were employed as the raw material to 

avoid conflicting with the demands of 

mushrooms for human consumption. It is 

for the effective use of resources also. 

Since the mycelium may be produced and 

collected without compromising the 

fruiting bodies that are meant for human 

food, this encourages resource efficiency 

(Chang et al., 2019). The use of biomass 

from fungal mycelia, such as Aspergillus 

spp. (Rousta et al., 2021). Pleurotus sp. 

(Sartori et al., 2015) and Rhizopus sp 

(Starzyńska-Janiszewska et al., 2020) for 

feed or food reasons has been employed 

in preparing food for a long time. 

Therefore, it has designated as Generally 

Recognized As Safe (GRAS) 
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microorganisms (Karimi et al., 2021). 

The study results were the composition of 

nutrients based on proximate analysis, 

growth length, and survival rate are 

presented in Table 1. The control used in 

this study was commercial feed available 

on the market.  

The highest value of fish length 

was with the feed treatment of straw 

mushroom, followed by enoki and king 

oyster mushroom, which were not 

significantly different from the control. 

Fat and fiber's nutrition content is higher 

than the control's, while the protein and 

carbohydrates are contrary. Based on the 

research, edible mushrooms can be 

utilized as a milkfish feed component to 

support growth. Moreover, the study's 

results can inform the public, especially 

fish farmers, in choosing feed technology 

as an alternative that can meet the 

nutritional needs of milkfish.  

It is essential to become 

knowledgeable about feed technology  as 

fish farmers can provide the right 

nutrition, ensure feed quality and safety, 

optimize feed production costs, adopt 

sustainable practices, promote fish 

health, and increase productivity and 

profitability in their aquaculture 

operations (Ragasa et al., 2022). 

The resulting finding also can be 

used as new information for the student 

for biotechnology learning. 

Table 1. Nutritional content of edible mushrooms feeds and effect on the growth of milkfish 

 

C: control, commercial feed, JER: King oyster mushroom, JEN: Enoki mushroom, JM: Straw 

mushroom. Values followed by the same letter are not significantly different at P<0.05 according to 

Tukey’s least significant difference test. 

 

The study's findings, which 

include items and procedures, are then 

evaluated for compliance with the 

curriculum's requirements for student 

mastery. The condition is visible from 

essential competence 3 and essential 

competence 4's fundamental abilities in 

the cognitive and psychomotor domains. 

Competency Achievement Indicators 

(GPA) were created based on those 

competencies to facilitate high-order 

thinking skill tiers starting at the lowest 

level, C1 through C4. The GPA, e.g., 

explains the definition of biotechnology 

(C1), defines its fundamental principles 

and processes (C2), differentiates its 

types (C2), examines the impact of 

biotechnology on genetic engineering 

(C4), and carries out experiments using 

conventional biotechnology principles 

Treatment 

Nutritional Content (%) 
Milkfish larva 

Length (cm) 

Fish 

Survival 

Rate (%) 
Carbohydrate Protein Fat Fiber 

C 54.80 30 3 4 6.208±0.101b 32.52b 

JER 43.27 13.95 16.03 15.43 6.400±0.338b 78,23a 

JEN 44.36 3.60 8.96 19.20 6.133±0.063b 63,53a 

JM 38.33 21.70 13.92 14.18 6.483±0.201a 90.63a 
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for biotechnology product (P5). 

According to Scristia (2019), in 

determining indicators, teachers must 

consider achieving a minimum 

competency and developing it according 

to student needs, particularly to develop 

high-order thinking skills. This 

information and findings as products and 

processes derived from the research align 

with what students need to learn about 

biotechnology concepts at school. 

To meet the demands of the 

twenty-first century, it is regarded 

reasonable to package educational 

materials into digital modules. It is 

generally known that, information and 

communication technologies (ICT) have 

altered every aspect of life, from how to 

work and communicate to how to educate 

the student (Cabero-Almenara et al., 

2022). Andrian (2019) argues that 

education is becoming more crucial in the 

twenty-first century to ensure that 

students have the knowledge and 

innovations necessary to generate 

competent human resources. This has led 

to the adaptation of present learning to 

meet the demands of 21st century 

education. 

Developing a digital-based 

module in biotechnology concepts based 

on research findings on milkfish feed 

development from edible mushrooms as 

learning media was preceded by 

designing the module according to the 

2013 curriculum. The digital module 

generally contains Biotechnology as a 

basic concept, conventional and modern 

biotechnology, and the role of 

biotechnology in life. The information is 

presented clearly and accompanied by 

engaging multimedia to improve 

students' motivation and comprehension. 

In twenty-first-century classrooms, 

multimedia environments are crucial for 

effective learning and teaching (Alobaid, 

2021). Interactive quizzes, music, and 

video are example of the module's 

interactive and adaptable programs and 

examples of resources using a self-study 

method.   

The module also contains several 

activities to create student interest and 

motivation to argue and determine the 

level of student mastery of the 

biotechnology material presented. For 

example, after watching movies related 

to biotechnology in life, there are 

activities in the module that incorporate a 

questioning element by providing 

students with higher-order thinking 

questions instead of a typical query that 

heavily relies on memorization. As a 

result, learning across subject areas can 

be improved. The exercise can allow 

students to generate in-depth 

explanations based on analysis (Sun et 

al., 2012). It can enhance their learning 

by providing an example of effective 

inquiry and encouraging them to do so. 
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Furthermore, the digital module provides 

instruction to assist students in learning 

independently. The digital form of the 

module is defined with a web-based 

system and compatible with internet 

servers, allowing the user to easy 

connection with programs like 

multimedia sharing.  

According to Puckett and Black 

(2000), authentic assessment considers 

teaching, learning, and assessment as 

continuous, intertwined processes that 

coincide and significantly impact one 

another. Moreover, Anderson et al., 

(2022) analyzed that authentic 

assessments can be used as one approach 

to develop student’s competence. 

Authentic assessments demand learners 

to use their knowledge and abilities to 

solve challenging issues, finish tasks, or 

generate meaningful work, in contrast to 

typical tests that place a heavy emphasis 

on memorization or regurgitation of 

material (McArthur, 2023). The 

authentic assessment for this module 

evaluates students' practical competence 

and behavior in addition to their 

academic knowledge. The assessment of 

all student activities is how this 

component is applied to the established 

program.  

Through the utilization of digital 

module, biotechnology concept which 

considered difficult by most students, 

learning process will be easier. Student 

will capable to integrate the concepts and 

understand complex biotechnology 

materials as the example provided is easy 

to understand.  

CONCLUSION 

 The findings of the research on 

the production of edible mushrooms as 

milkfish feed have been assessed as both 

a process and product. The material was 

then deployed as a digital-based lesson in 

biotechnology topics. The module 

includes activities that pique students' 

attention, motivate, and assist them in 

mastering the subjects. High school 

students can utilize the developed digital 

module as a learning source 

ACKNOWLEDGEMENT 

Part of the research activity was 

financially supported by Ministry of 

Education, Culture, Research, and 

Technology under the National 

Competitive Program for Research in 

Higher Education  

REFERENCES 

Abdulrahaman, M. D., Faruk, N., 

Oloyede, A.A., Surajudeen-Bakinde, 

N.T., Olawoyin, L.A., Mejabi, O.V., 

Imam-Fulani, Y.O., Fahm A.O., &. 

Azeez A.L 2020 ‘Multimedia tools in 

the teaching and learning processes: 

A systematic review’, Heliyon, vol. 

6, no. 1, e05312. 

https://doi.org/10.1016/j.heliyon.202

0.e05312 

 

Alhawiti, N. M 2023 ‘The Influence of 

Active Learning on the Development 

of Learner Capabilities in the College 

of Applied Medical Sciences: 

Mixed-Methods Study’ Advances’, 

Medical Education And Practice, 

https://doi.org/10.1016/j.heliyon.2020.e05312
https://doi.org/10.1016/j.heliyon.2020.e05312


  

Jurnal Penelitian dan Pembelajaran IPA                                                                       Fazriah, et al 

Vol. 9, No. 1, 2023, p. 58-72                    

68 

 

vol. 14, pp: 87–99. 

https://doi.org/10.2147/AMEP.S392

875 

 

Allen, D., Donham, R., & Tanner, K 

2004 ‘Approaches to biology 

teaching and learning: lesson study-

building communities of learning 

among educators’, Cell Biology 

Education, vol. 3, no. 1, pp:1–7. 

https://doi.org/10.1187/cbe.03-12-

0028 

 

Alobaid, A 2021 ‘ICT multimedia 

learning affordances: role and impact 

on ESL learners' writing accuracy 

development’, Heliyon, vol. 7, no. 7,  

e07517. 

https://doi.org/10.1016/j.heliyon.202

1.e07517 

 

Anderson, K., Gupta, S., Nava Buenfil, 

F., & Verrinder, G 2022 ‘Using 

experiential learning and authentic 

assessments to support students to 

become competent health promotion 

practitioners’, Health promotion 

journal of Australia : official journal 

of Australian Association of Health 

Promotion Professionals, vol. 33, 

Suppl. 1, pp: 27–34. 

https://doi.org/10.1002/hpja.654  

Andrian, D. 2019 ‘Developing an 

instrument to evaluate the influential 

factors of the success of local 

curriculum’, Research and 

Evaluation in Education, vol. 5, no. 

1, pp:75-84. https:// 
10.21831/reid.v5i1.23980 

 

Armbruster, P., Patel, M., Johnson, E., & 

Weiss, M 2009 ‘Active learning and 

student-centered pedagogy improve 

student attitudes and performance in 

introductory biology’, CBE Life 

Sciences Education, vol. 8, no. 3, pp: 

203–213. 

https://doi.org/10.1187/cbe.09-03-

0025 

 

Banerjee, D. K., Das, A. K., Banerjee, R., 

Pateiro, M., Nanda, P. K., Gadekar, 

Y. P., Biswas, S., McClements, D. J., 

& Lorenzo, J. M 2020 ‘Application 

of Enoki Mushroom (Flammulina 

Velutipes) Stem Wastes as 

Functional Ingredients in Goat Meat 

Nuggets’ Foods (Basel, 

Switzerland), vol. 9, no 4, pp:432. 

https://doi.org/10.3390/foods904043

2 

 

Bao, D., Gong, M., Zheng, H., Chen, M., 

Zhang, L., Wang, H., Jiang, J., Wu, 

L., Zhu, Y., Zhu, G., Zhou, Y., Li, C., 

Wang, S., Zhao, Y., Zhao, G., & Tan, 

Q 2013 ‘Sequencing and 

comparative analysis of the straw 

mushroom (Volvariella volvacea) 

genome’, Plos One, vol. 8, no. 3, 

e58294. 

https://doi.org/10.1371/journal.pone.

0058294 

 

Barış, C. C., & Kırbaşlar, F. G 2015  ‘A 

study of certain biology and 

biotechnology concepts in secondary 

school and high school course books 

in terms of scientific competency’, 

Procedia. Social and Behavioral 

Sciences vol. 174, pp:  420-26 

 

Beveridge, M. C., Thilsted, S. H., 

Phillips, M. J., Metian, M., Troell, 

M., & Hall, S. J 2013 ‘Meeting the 

food and nutrition needs of the poor: 

the role of fish and the opportunities 

and challenges emerging from the 

rise of aquaculture’, Journal of Fish 

Biology, vol. 83, no. 4, pp:1067–84. 

https://doi.org/10.1111/jfb.12187 

 

Cabero-Almenara, J., Gutiérrez-Castillo, 

J. J., Guillén-Gámez, F. D., & Gaete-

Bravo, A. F 2022  ‘Digital 

Competence of Higher Education 

Students as a Predictor of Academic 

Success’, Technology, Knowledge 

and Learning,  Advance online 

publication, pp: 1–20. 

https://doi.org/10.1007/s10758-022-

09624-8 

 

Chang, J., Chan, P. L., Xie, Y., Ma, K. L., 

Cheung, M. K., & Kwan, H. S 2019 

‘Modified recipe to inhibit fruiting 

https://doi.org/10.2147/AMEP.S392875
https://doi.org/10.2147/AMEP.S392875
https://doi.org/10.1187/cbe.03-12-0028
https://doi.org/10.1187/cbe.03-12-0028
https://doi.org/10.1016/j.heliyon.2021.e07517
https://doi.org/10.1016/j.heliyon.2021.e07517
https://doi.org/10.1002/hpja.654
https://doi.org/10.1187/cbe.09-03-0025
https://doi.org/10.1187/cbe.09-03-0025
https://doi.org/10.3390/foods9040432
https://doi.org/10.3390/foods9040432
https://doi.org/10.1371/journal.pone.0058294
https://doi.org/10.1371/journal.pone.0058294
https://doi.org/10.1111/jfb.12187
https://doi.org/10.1007/s10758-022-09624-8
https://doi.org/10.1007/s10758-022-09624-8


  

Jurnal Penelitian dan Pembelajaran IPA                                                                       Fazriah, et al 

Vol. 9, No. 1, 2023, p. 58-72                    

69 

 

body formation for living fungal 

biomaterial manufacture’, Plos One, 

vol. 14, no. 5, e0209812. 

https://doi.org/10.1371/journal.pone.

0209812 

 

Chen, X., Zhang, Z., Liu, X., Cui, B., 

Miao, W., Cheng, W., & Zhao, F 

2019 ‘Characteristics Analysis 

Reveals the Progress of Volvariella 

volvacea Mycelium Subculture 

Degeneration’, Frontiers In 

Microbiology, vol. 10, pp:2045. 

https://doi.org/10.3389/fmicb.2019.

02045 

 

Christodoulou, P., Vlassopoulou, M., 

Zervou, M., Xanthakos, E., Moulos, 

P., Koutrotsios, G., Zervakis, G. I., 

Kerezoudi, E. N., Mitsou, E. K., 

Saxami, G., Kyriacou, A., Pletsa, V., 

& Georgiadis, P 2023 ‘In Vitro 

Fermentation of Pleurotus eryngii 

Mushrooms by Human Fecal 

Microbiota: Metataxonomic 

Analysis and Metabolomic Profiling 

of Fermentation Products’, Journal 

Of Fungi (Basel, Switzerland), vol. 9, 

no. 1, pp: 128. 

https://doi.org/10.3390/jof9010128 

 

Daryanto  2016 ‘Media Pembelajaran 

Dan Sumber Belajar’. P. G. Media 

Yogyakarta 

 

Farhana, F., Suryadi, A., & Wicaksono, 

D 2021 ‘Pengembangan Bahan Ajar 

Berbasis Digital Pada Mata Pelajaran 

Bahasa Inggris Di SMK Atlantis Plus 

Depok’. Instruksional, vol. 3, no. 1, 

pp: 1. 

https://doi.org/10.24853/instruksion

al.3.1.1-17 

 

Ghani, A. S. A., Rahim, A. F. A., Yusoff, 

M. S. B., & Hadie, S. N. H. 2021 

‘Effective Learning Behavior in 

Problem-Based Learning: a Scoping 

Review’, Medical science educator, 

vol. 31, no. 3, pp:1199-211. 

https://doi.org/10.1007/s40670-021-

01292-0  

 

Gogavekar, S. S., Rokade, S. A., 

Ranveer, R. C., Ghosh, J. S., Kalyani, 

D. C., & Sahoo, A. K 2014 

‘Important nutritional constituents, 

flavour components, antioxidant and 

antibacterial properties of Pleurotus 

sajor-caju’, Journal of Food Science 

And Technology, vol. 51, no 8, 

pp:1483–91. 

https://doi.org/10.1007/s13197-012-

0656-5 

 

Humphrey, E. A., & Wiles, J. R. 2021 

‘Lessons learned through listening to 

biology students during a transition 

to online learning in the wake of the 

COVID-19 pandemic’, Ecology and 

Evolution, vol. 11, no. 8, pp: 3450–

3458. 

https://doi.org/10.1002/ece3.7303 

 

Karimi, S. Mahboobi SN. Mahboubi, A. 

Ferreira, J.A. Lundh, T. Kiessling, A. 

& Taherzadeh, M.J 2021 ‘Evaluation 

of Nutritional Composition of Pure 

Filamentous Fungal Biomass as a 

Novel Ingredient for Fish Feed’, 

Fermentation, vol. 7, no. 152. 

https://doi.org/10.3390/fermentation

7030152 

 

Kim, S., Raza, M., & Seidman, E 2019 

‘Improving 21st-century teaching 

skills: The key to effective 21st-

century learners’, Research in 

Comparative and International 

Education, vol. 14. No. 1, pp:99–

117. 

https://doi.org/10.1177/1745499919

829214 

 

Kong, W., Huang, S., Yang, Z., Shi, F., 

Feng, Y., & Khatoon, Z 2020 ‘Fish 

Feed Quality Is a Key Factor in 

Impacting Aquaculture Water 

Environment: Evidence from 

Incubator Experiments’, Scientific 

reports, vol. 10, no. 1, pp:187. 

https://doi.org/10.1038/s41598-019-

57063-w 

 

Lindberg, M., Ranner, M., Månsson-

Lexell, E., Jacobsson, L., & Larsson-

https://doi.org/10.1371/journal.pone.0209812
https://doi.org/10.1371/journal.pone.0209812
https://doi.org/10.3389/fmicb.2019.02045
https://doi.org/10.3389/fmicb.2019.02045
https://doi.org/10.3390/jof9010128
https://doi.org/10.24853/instruksional.3.1.1-17
https://doi.org/10.24853/instruksional.3.1.1-17
https://doi.org/10.1007/s40670-021-01292-0
https://doi.org/10.1007/s40670-021-01292-0
https://doi.org/10.1007/s13197-012-0656-5
https://doi.org/10.1007/s13197-012-0656-5
https://doi.org/10.1002/ece3.7303
https://doi.org/10.3390/fermentation7030152
https://doi.org/10.3390/fermentation7030152
https://doi.org/10.1177/1745499919829214
https://doi.org/10.1177/1745499919829214
https://doi.org/10.1038/s41598-019-57063-w
https://doi.org/10.1038/s41598-019-57063-w


  

Jurnal Penelitian dan Pembelajaran IPA                                                                       Fazriah, et al 

Vol. 9, No. 1, 2023, p. 58-72                    

70 

 

Lund, M 2021 ‘Work and everyday 

life in a digitalized time: Experiences 

of people with subjective cognitive 

difficulties related to neurological 

disorders’, Plos One, vol. 16, no. 11, 

e0260013. 

https://doi.org/10.1371/journal.pone.

0260013 

 

Magdalena, I., Sundari, T., Nurkamilah, 

S., Amalia A., D., & Muhammadiyah 

T, U 2020 ‘Analisis Bahan Ajar’, 

Jurnal Pendidikan Dan Ilmu Sosial, 

vol. 2, no. 2, pp: 311–326. 

https://10.36088/nusantara.v2i2.828 

 

Manuaba, I. B. A. P., -No, Y., & Wu, C. 

C. 2022 ‘The effectiveness of 

problem based learning in improving 

critical thinking, problem-solving 

and self-directed learning in first-

year medical students: A meta-

analysis’, Plos One, vol. 17, no. 11, 

e0277339. 

https://doi.org/10.1371/journal.pone.

0277339 

Marley, S. A., Siani, A., & Sims, S. 2022 

‘Real-life research projects improve 

student engagement and provide 

reliable data for academics’, Ecology 

And Evolution, vol. 12, no. 12, 

e9593. 

https://doi.org/10.1002/ece3.9593 

 

McArthur, J 2023 ‘Rethinking authentic 

assessment: work, well-being, and 

society’, High Education, vol. 85, 

pp: 85–101 

https://doi.org/10.1007/s10734-022-

00822-y 

 

Meutia, I T, Bukhari. A 2018 ‘Decision 

and Level of Consumer Satisfaction 

in Choosing Various Sate bandeng in 

Banten Province’, Proceedings of the 

National Seminar on the 2018 

Indonesian Higher Education 

Communication Forum (FKPTPI) 

Seminar and Workshop with the 

theme "Agriculture in the Innovation 

and Technology Acceleration to 

Realize Resource-Based Food 

Sovereignty and Local Wisdom", on 

2 to 3 October 2018 

 

Mulyasari, P. J., & Sholikhah, N 2021 

‘Pengembangan E-Modul Berbasis 

STEM untuk Meningkatan 

Kemandirian Belajar dalam 

Pembelajaran Jarak Jauh pada Mata 

Pelajaran Ekonomi’, Jurnal Ilmu 

Pendidikan, vol. 3, no 4. pp:2220–

2236. 

 

National Research Council (US) 

Committee on Undergraduate 

Biology Education to Prepare 

Research Scientists for the 21st 

Century. Bio2010: Transforming 

Undergraduate Education for Future 

Research Biologists. Washington 

(DC): National Academies Press 

(US); 2003. Committee on 

Undergraduate Biology Education to 

Prepare Research Scientists for the 

21st Century.  

 

Parsley, G.J. & Siedow, J. N. 1999 

‘Application of biotechnology to 

crops: Benefit and risks’, Council 

For Agricultural Science And 

Technology ,vol 12, pp:1-8 

 

Puckett, M. B., & Black, J. K 2000 

‘Authentic assessment of the young 

child: Celebrating development and 

learning’, Des Moines, IA: Prentice-

Hall.  

 

Putra, A., Gram, D., Stefanou, C., & 

Santoro, D. 2022 ‘The Use of 

Adaptive Learning Technology to 

Enhance Learning in Clinical 

Veterinary Dermatology’, Journal 

Of Veterinary Medical Education, 

vol. 49, no. 1, pp: 118–125. 

https://doi.org/10.3138/jvme-2020-

0069 

 

Ragasa, C., Osei-Mensah, Y. O., 

Amewu, S. 2022 ‘Impact of fish feed 

formulation training on feed use and 

farmers' income: Evidence from 

Ghana’,  Aquaculture, vol. 558, no. 

15, 738378. 

https://doi.org/10.1371/journal.pone.0260013
https://doi.org/10.1371/journal.pone.0260013
https://10.0.140.248/nusantara.v2i2.828
https://doi.org/10.1002/ece3.9593
https://doi.org/10.1007/s10734-022-00822-y
https://doi.org/10.1007/s10734-022-00822-y
https://doi.org/10.3138/jvme-2020-0069
https://doi.org/10.3138/jvme-2020-0069


  

Jurnal Penelitian dan Pembelajaran IPA                                                                       Fazriah, et al 

Vol. 9, No. 1, 2023, p. 58-72                    

71 

 

https://doi.org/10.1016/j.aquaculture

.2022.738378 

 

Rangel-Vargas, E., Rodriguez, J. A., 

Domínguez, R., Lorenzo, J. M., 

Sosa, M. E., Andrés, S. C., Rosmini, 

M., Pérez-Alvarez, J. A., Teixeira, 

A., & Santos, E. M 2021 ‘Edible 

Mushrooms as a Natural Source of 

Food Ingredient/Additive Replacer’, 

Foods (Basel, Switzerland), vol. 10, 

no. 11, 2687. 

https://doi.org/10.3390/foods101126

87 

 

Rodriguez R, J., Álvarez-Seoane, D., 

Arufe-Giráldez, V., Navarro-Patón, 

R., & Sanmiguel-Rodríguez, A. 2022 

‘Textbooks and Learning Materials 

in Physical Education in the 

International Context: Literature 

Review’, International Journal of 

Environmental Research And Public 

Health, vol. 19, no. 12, 7206. 

https://doi.org/10.3390/ijerph19127

206 

Rombenso, A., Araujo, B., & Li, E. 2022 

‘Recent Advances in Fish Nutrition: 

Insights on the Nutritional 

Implications of Modern 

Formulations. Animals, vol. 12, no. 

13, 1705. 

https://doi.org/10.3390/ani12131705 

 

Rousta, N., Hellwig, C., Wainaina, S., 

Lukitawesa, L., Agnihotri, S., 

Rousta, K., & Taherzadeh, M. J 2021 

‘Filamentous Fungus Aspergillus 

oryzae for Food: From Submerged 

Cultivation to Fungal Burgers and 

Their Sensory Evaluation-A Pilot 

Study’, Foods (Basel, Switzerland), 

vol. 10, no.11, 2774. 

https://doi.org/10.3390/foods101127

74 

 

Sabarudin, S 2018 Materi Pembelajaran 

Dalam  Kurikulum  2013. Jurnal  An-

Nur: Kajian Ilmu-Ilmu Pendidikan, 

vol. 4, no. 1, pp: 1–18 

 

Sartori, S. B., Ferreira, L. F., Messias, T. 

G., Souza, G., Pompeu, G. B., & 

Monteiro, R. T 2015 ‘Pleurotus 

biomass production on vinasse and 

its potential use for aquaculture 

feed’, Mycology, vol. 6, no. 1, pp: 

28–34. 

https://doi.org/10.1080/21501203.20

14.988769 

 

Scristia, S 2019 ‘Analisis Kesesuaian 

Indikator terhadap Kompetensi 

Dasar pada Pelajaran Matematika 

oleh Guru Sekolah Menengah 

Palembang’. Jurnal Gantang, vol. 4, 

no 2, pp: 103–109. 

https://doi.org/10.31629/jg.v4i2.142

9 

 

Starzyńska-Janiszewska, A., Duliński, 

R., & Stodolak, B 2020 

‘Fermentation with Edible Rhizopus 

Strains to Enhance the Bioactive 

Potential of Hull-Less Pumpkin Oil 

Cake’, Molecules (Basel, 

Switzerland), vol. 25, no. 24, 5782. 

https://doi.org/10.3390/molecules25

245782 

 

Suhardi 2012 ‘Pengembangan Sumber 

Belajar Biologi’ Jurdik. Biologi 

FMIPA UNY. Yogyakarta 

 

Sun, H., Chen, A., Zhu, X., & Ennis, C. 

D 2012 ‘Learning Science-Based 

Fitness Knowledge in Constructivist 

Physical Education’, The Elementary 

School Journal, vol. 113, no. 2, pp: 

215–229. 

https://doi.org/10.1086/667405. 

 

Tohidi S, Karimi M. H., Shayan A, & 

Ahmadinia H 2019 ‘The effect of 

self-learning module on nursing 

students' clinical competency: A 

pilot study’, Iranian Jornal of 

Nursing Midwifery Research, vol. 

24, pp:91-5. 
https://doi.org/10.4103/ijnmr.IJNM

R_46_17 

 

Van Veldhoven, Z., & Vanthienen, J 

2022 ‘Digital transformation as an 

interaction-driven perspective 

between business, society, and 

https://doi.org/10.1016/j.aquaculture.2022.738378
https://doi.org/10.1016/j.aquaculture.2022.738378
https://doi.org/10.3390/foods10112687
https://doi.org/10.3390/foods10112687
https://doi.org/10.3390/ijerph19127206
https://doi.org/10.3390/ijerph19127206
https://doi.org/10.3390/ani12131705
https://doi.org/10.3390/foods10112774
https://doi.org/10.3390/foods10112774
https://doi.org/10.1080/21501203.2014.988769
https://doi.org/10.1080/21501203.2014.988769
https://doi.org/10.31629/jg.v4i2.1429
https://doi.org/10.31629/jg.v4i2.1429
https://doi.org/10.3390/molecules25245782
https://doi.org/10.3390/molecules25245782
https://doi.org/10.1086/667405
https://doi.org/10.4103/ijnmr.IJNMR_46_17
https://doi.org/10.4103/ijnmr.IJNMR_46_17


  

Jurnal Penelitian dan Pembelajaran IPA                                                                       Fazriah, et al 

Vol. 9, No. 1, 2023, p. 58-72                    

72 

 

technology’. Electronic markets, vol. 

32, no. 2, pp: 629–644. 

https://doi.org/10.1007/s12525-021-

00464-5 

 

Violandini, R. D. M 2019 

‘Pengembangan E-Modul Berbasis 

Metode Inkuiri Pada Pembelajaran 

Tematik di Sekolah Dasar’, Jurnal 

Basicedu, vol. 3, no 2, pp: 524–532. 

 

Wahyuni, D. L., Sajidan, & Suciati. 2016 

‘Pengembangan Modul Biologi 

Berbasis Inquiry Real World 

Application Pada Materi 

Bioteknologi di SMA Negeri 1 

Magelang’,. Jurnal Inkuiri, vol. 5, 

no. 3, pp: 66–76. 
https://doi.org/10.20961/inkuiri.v5i3

.9446 

 

Widyasari, L. A., Pratama, S., & 

Prayitno, B. A 2013 ‘Pembelajaran 

Biologi Menggunakan Model 

Accelerated Learning Melalui 

Concept Mapping dan Mind 

Mapping Ditinjau Dari Kreativitas 

Dan Kemampuan Verbal Siswa’ 

Jurnal Pendidikan IPA, vol. 2, no 03. 

https://doi.org/10.20961/inkuiri.v2i0

3.9792 

 

Zlaugotne, B., Pubule, J., & Blumberga, 

D 2022 ‘Advantages and 

disadvantages of using more 

sustainable ingredients in fish feed’, 

Heliyon, vol. 8, no. 9, e10527. 

https://doi.org/10.1016/j.heliyon.202

2.e10527 

https://doi.org/10.1007/s12525-021-00464-5
https://doi.org/10.1007/s12525-021-00464-5
https://doi.org/10.20961/inkuiri.v5i3.9446
https://doi.org/10.20961/inkuiri.v5i3.9446
https://doi.org/10.20961/inkuiri.v2i03.9792
https://doi.org/10.20961/inkuiri.v2i03.9792

