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Abstract 

Blended learning is a learning method that combines both Information and Communications Technology (ICT) with traditional 
teaching. Since the COVID-19 pandemic strikes globally, the application of blended learning has increased exponentially 
and significantly. E-learning is a critical part of blended learning and the animal biotechnology is one of the subjects that 
necessitates blended learning. In this review, we described several animal biotechnology blended learning research across 
the globe over the past five years (pre-COVID-19, COVID-19 and post COVID-19 recovery phase periods), highlighted their 
methodologies and outcomes before providing future insights to move this learning method forward and to greater heights.    

Keywords: Blended Learning; COVID-19; E-Learning; Animal Biotechnology

Abbreviations: ICT: Information and Communications 
Technology; MCO: Movement Control Order; LMS: Learning 
Management System.

Introduction

Blended learning is defined as a learning mode that 
integrates the Information and Communications Technology 
(ICT) with traditional face-to-face teaching. It is deemed as 
a more engaging and interactive approach as compared to 
traditional teaching. E-learning is the ICT part of the blended 
learning approach whereby students can choose to learn 
from anywhere and anytime [1]. One big benefit of e-learning 
is that it delivers knowledge with high consistency and 
most of the time students are allowed to access the lectures 
multiple times for better understanding [2]. 

Animal biotechnology is a wide field of study 
encompassing genomics, gene therapy, gene manipulation, 
animal handling, population studies, evolution, cell 
biology, disease management, genetic engineering, growth 
improvement of animals and many more [3-18]. The 
fundamental basis in understanding biotechnology is the 
elucidation of the central dogma of biology or the genetic 
code [19-34]. It is widely deemed that the genetic code is 
one of the most difficult subjects to master, there are several 
research focusing on using animal biotechnology blended 
learning to ease the learning process. In this review, we 
consolidated recently conducted animal biotechnology 
blended learning studies from the past five years (pre-
COVID-19, COVID-19 and post COVID-19 recovery phase 
periods) and further highlighted on their methodology and 
significant outcomes before providing future directions to 
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steer the blended learning on animal biotechnology to the 
right path so that passionate educators can benefit from 
these insights and advance the field to greater heights, in 
other words, to step forward and not backward. 

Biotechnology Knowledge and Laboratory 
Experiences of Science Teachers-Turkey (Pre-
COVID-19 Period)

In Turkey, it is widely deemed that the lack of 
biotechnology and laboratory resources available to teachers 
is one of the major causes of low interests among these 
teachers. Not to mention that there are other major factors 
such as limited funding, insufficient academic skills, limited 
time as well as scarce equipment and facilities impeding 
the advancement of biotechnology teaching. Orhan, et al. 
[35] gathered 17 science teachers working in state schools 
to participate in this e-learning study. The objective of this 
research is to assess the biotechnology and laboratory 
knowledge of science teachers after blended learning 
sessions. 

The demographic data of the selected science teachers are 
as follow: 52.94% female, 47.06% male; 82.35% graduates, 
17.65% postgraduates; 5 years and below professional 
experience to 21 years and above professional experience. 
Interestingly, 47% of them were capable of performing 
experimental procedures based on the experimental design 
given with their peers. 45% of them can execute results 
interpretation accurately during the evaluation stage [35]. 
The authors concluded their research with a few solid 
recommendations, namely to provide in-service training 
and seminars to science teachers from time to time with 
contemporary biotechnology knowledge. 

Laboratory Animal Science Training - Portugal 
(COVID-19 Period)

Specialized training for animal handling is legally 
obligated in many countries across the globe. Due to 
predicaments such as shortage of training personnel and 
space constraints, e-learning may be a great solution for 
students to learn the required knowledge at their own 
comfort of time, pace and space. 

Costa, et al. [36] conducted two e-learning approaches, 
namely full online theoretical training and flipped classroom, 
involving 229 individuals (aged between 21 to 41 years old) 
attending 15 courses in Portugal. They implemented their 
e-learning environment based on the open-source Moodle 
Learning Management System (LMS) version 2.6.11. The 
objective of this research is to assess the effects and acceptance 
of students towards laboratory animal science blended 
learning training. The education levels of participants were 

as follow: 58.4% master’s degree, 24.7% bachelor’s degree 
and 16.9% PhD degree. More than half of them (60.7%) do 
not have past experience with e-learning resources. Most 
participants (96.5%) showed positive acceptance towards 
laboratory animal science training e-learning. Majority of 
them (94.3%) found the e-learning courses useful in time 
management [36]. Interestingly, they discovered that the 
e-learning approach acceptance is highly dependent on 
students’ background and past experience with laboratory 
animals. Besides, they deduced that e-learning acceptance 
is independent of age, past e-learning experience, education, 
gender and professional position [36]. The only limitation of 
their study is that they did not include participant group that 
attend classroom sessions only. 

Animal Science Blended Learning - Ghana 
(COVID-19 Period)

In Ghana, Edem, et al. [37] first conducted an ICT 
accessibility survey before a blended learning study. The 
objective of this research is to investigate the acceptance of 
students and teachers towards blended learning in animal 
science. As a result, two third of the animal science teachers 
do not have computers at home and 60% of them do not 
have internet connectivity at home. Their study involves 19 
animal science teachers and 80 students from three selected 
educational institutions. Interestingly, both animal science 
teachers and students have similar levels of ICT skills and 
both groups are not skilled in database software as well 
as data logging tools [37]. Post survey, all animal science 
students agreed that blended learning has helped them to 
be more engaged, gives them more autonomy, instill self-
advocacy, allows them to learn at their own pace, allows 
instant diagnostic feedback, encourages student ownership, 
keeps them focused longer, as well as prepares them for the 
future [37]. Interestingly, they deduced that their results 
are in agreement with the previously determined statistics 
in 2015, namely 22% improvement in attendance, 22% 
elevation in grade rates, 28% improvement in test scores, 
39% increase in student attrition rates as well as 69% 
increase in student participation rates. 

Animal Biotechnology Virtual Laboratory 
Simulations-Malaysia (Pre-COVID-19, COVID-19 
and Post COVID-19 Recovery Phase Periods)

In Malaysia, Movement Control Order (MCO) or total 
lockdown was implemented during the mid-March of 2020, 
causing all campuses in Malaysia to close operation until 
August 2020. Animal biotechnology undergraduate students 
at Taylor’s University Malaysia have been exposed to the 
usage of Labster cell culture virtual simulations that act as a 
major part of their blended learning modules back in 2019. 
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Yap, et al. [38] seized the opportunity to conduct a 
blended learning survey on animal biotechnology subject, 
focusing on target groups namely the August 2019, March 
2020 and August 2020 cohort of students. The objective of 
this research is to examine the effects of animal biotechnology 
virtual laboratory simulations on students. Total students 
involved is 46, with 16 from the first cohort, 18 from the 
second and 12 from the last cohort. Overall, the students’ 
perception towards the blended learning experience was 
positive [38]. The enjoyable experience was found to be 
lower in the March 2020 cohort as compared to their 2019 
cohort counterparts and this was postulated to be caused 
by the anxiety introduced during the sudden lockdown due 
to the exponential surge in number of COVID-19 infected 
cases in the country. Interestingly, the August 2020 cohort 
students enjoyed the animal biotechnology virtual cell 
culture laboratory blended learning more than the March 
2020 cohort students, probably due to the re-opening of 
campuses and loosen restrictions in August 2020 [38].

Future Directions: To Be or Not To Be?

The future directions of animal biotechnology blended 
learning will be steered towards a more immersive 
experience for both the students and teachers to enjoy 
and benefit more from it. Some students and teachers may 
not enjoy the experience at the moment due to several 
predicaments faced such as limited computer and internet 
access, limited equipment and facilities as well as scarce 
funding. However, as the COVID-19 infection wave not 
showing any diminishing trend, we would have to live with 
it and adapt accordingly. One interesting and innovative 
solution to make animal biotechnology blended learning 
more interactive is the implementation of flipped classroom 
in tandem with e-learning. In this way, students can be more 
involve and attentive towards the active teaching process and 
would have the opportunity to provide inputs that will be 
beneficial to both teachers and student themselves. With the 
recent emergence of Chat GPT, educators must now upgrade 
their teaching approach from time to time to keep on par 
with the technological advancement happening around us. 
Both educators and students must now understand that 
knowledge does not necessarily come from one way in this 
era, instead it can come from many ways, work in both ways 
and in various forms. 

Another way to make animal biotechnology blended 
learning more immersive is the introduction to Virtual 
Reality (VR) technology to provide students with more “real” 
hands-on experiences in the laboratory. The “to be” factor far 
superseded the “not to be” factor in the sense that we want to 
impart as much knowledge (especially laboratory practices) 
as possible more effectively to the students. The only caution 
that requires our attention is that a physical pre-lab training 

is mandatory for students who have not entered a physical 
lab before (might have been blended learning trained) to 
ensure the safety of the lab and its users. With adequate 
monitoring, the animal biotechnology blended learning can 
go forward with the exponential advancement of the current 
technology happening vastly around us. 

References

1. Ashraf MA, Yang M, Zhang Y, Denden M, Liu J, et al. (2021) 
A systematic review of systematic reviews on blended 
learning: Trends, gaps and future directions. Psychology 
Research and Behavior Management 14: 1525-1541.

2. Tahir I, Van Mierlo V, Radauskas V, Yeung W, Tracey A, 
et al. (2022) Blended learning in a biology classroom: 
Pre-pandemic insights for post-pandemic instructional 
strategies. 12(7): 1286-1305.

3. Aminan AW, Lim LWK, Chung HH, Sulaiman B (2020) 
Morphometric Analysis and Genetic Relationship of 
Rasbora spp. in Sarawak, Malaysia, Tropical Life Sciences 
Research 31(2): 33-49.

4. Chung HH, Kamar CKA, Lim LWK, Liao Y, Lam TT, et al. 
(2020a) Sequencing and Characterisation of Complete 
Mitogenome DNA for Rasbora hobelmani (Cyprinidae) 
with Phylogenetic Consideration J Ichthyol 60: 90-98.

5.  Chung HH, Kamar CKA, Lim LWK, Roja JS, Liao Y, et al. 
(2020b) Sequencing and characterization of complete 
mitogenome DNA of Rasbora tornieri (Cypriniformes: 
Cyprinidae: Rasbora) and its evolutionary significance. 
Genet 99: 67.

6. Chung HH, Lim LWK, Liao Y, Lam TTY, Chong YL 
(2020c) Sequencing and Characterisation of Complete 
Mitochondrial DNA Genome for Trigonopoma 
pauciperforatum (Cypriniformes: Cyprinidae: 
Danioninae) with Phylogenetic Consideration. Trop Life 
Sci Res 31(1): 107-121.

7. Lai PN, Lim LWK, Chung HH (2021) Mutagenesis 
Analysis of ABCB8 Gene Promoter of Danio rerio. Trends 
in Undergraduate Research 4(1): 1-8.

8. Lau MML, Lim LWK, Chung HH, Gan HM (2021a) The 
first transcriptome sequencing and data analysis of the 
Javan mahseer (Tor tambra). Data Brief 39: 107481.

9. Lau MML, Lim LWK, Ishak SD, Abol-Munafi A, Chung HH 
(2021b) A Review on the Emerging Asian Aquaculture 
Fish, the Malaysian Mahseer (Tor tambroides): Current 
Status and the Way Forward Proc Zool Soc 74: 227-237.

10. Lau MML, Kho CJY, Lim LWK, Sia SC, Chung HH, et al. (2022) 

https://medwinpublishers.com/IZAB/
https://pubmed.ncbi.nlm.nih.gov/34629910/
https://pubmed.ncbi.nlm.nih.gov/34629910/
https://pubmed.ncbi.nlm.nih.gov/34629910/
https://pubmed.ncbi.nlm.nih.gov/34629910/
https://pubmed.ncbi.nlm.nih.gov/35488491/
https://pubmed.ncbi.nlm.nih.gov/35488491/
https://pubmed.ncbi.nlm.nih.gov/35488491/
https://pubmed.ncbi.nlm.nih.gov/35488491/
https://pubmed.ncbi.nlm.nih.gov/32922668/
https://pubmed.ncbi.nlm.nih.gov/32922668/
https://pubmed.ncbi.nlm.nih.gov/32922668/
https://pubmed.ncbi.nlm.nih.gov/32922668/
https://link.springer.com/article/10.1134/S0032945220010014
https://link.springer.com/article/10.1134/S0032945220010014
https://link.springer.com/article/10.1134/S0032945220010014
https://link.springer.com/article/10.1134/S0032945220010014
https://pubmed.ncbi.nlm.nih.gov/32893838/
https://pubmed.ncbi.nlm.nih.gov/32893838/
https://pubmed.ncbi.nlm.nih.gov/32893838/
https://pubmed.ncbi.nlm.nih.gov/32893838/
https://pubmed.ncbi.nlm.nih.gov/32893838/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7485528/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7485528/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7485528/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7485528/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7485528/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7485528/
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2500
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2500
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2500
https://pubmed.ncbi.nlm.nih.gov/34712757/
https://pubmed.ncbi.nlm.nih.gov/34712757/
https://pubmed.ncbi.nlm.nih.gov/34712757/
https://link.springer.com/article/10.1007/s12595-021-00368-4
https://link.springer.com/article/10.1007/s12595-021-00368-4
https://link.springer.com/article/10.1007/s12595-021-00368-4
https://link.springer.com/article/10.1007/s12595-021-00368-4
http://malrep.uum.edu.my/rep/Record/my.unimas.ir.38199


International Journal of Zoology and Animal Biology4

Lim LWK. Blended Learning in Animal Biotechnology during Pre-COVID-19, COVID-19 and Post 
COVID-19 Recovery Phase Periods across the Globe: A Step Forward or Backward. Int J Zoo Animal 
Biol 2023, 6(2): 000451.

Copyright©  Lim LWK.

Microbiome Analysis of Gut Bacterial Communities 
of Healthy and Diseased Malaysian Mahseer (Tor 
tambroides). Malaysian Society for Microbiology 18(2): 
170-191.

11. Lim LWK, Tan HY, Aminan AW, Jumaan AQ, Moktar MZ, et 
al. (2018b) Phylogenetic and Expression of Atp-Binding 
Cassette Transporter Genes in Rasbora sarawakensis. 
Pertanika Journal of Tropical Agricultural Science 41(3): 
1341-1354.

12. Lim LWK, Roja JS, Kamar CKA, Chung HH, Liao TTY, et 
al. (2019d) Sequencing and characterization of complete 
mitogenome DNA for Rasbora myersi (Cypriniformes: 
Cyprinidae: Rasbora) and its evolutionary significance. 
Gene Reports 17: 100499.

13. Lim LWK, Roja JS, Kamar CKA, Chung HH, Liao TTY, 
et al. (2020c) Sequencing and characterisation of 
complete mitogenome DNA for Rasbora sarawakensis 
(Cypriniformes: Cyprinidae: Rasbora) with phylogenetic 
consideration. Computational Biology and Chemistry 
89: 107403.

14. Lim LWK, Chung HH, Ishak SD, Waiho K (2021c) 
Zebrafish (Danio rerio) ecotoxicological ABCB4, ABCC1 
and ABCG2a gene promoters depict spatiotemporal 
xenobiotic multidrug resistance properties against 
environmental pollutants. Gene Reports 23: 101110.

15. Lim LWK, Chung HH, Lau MML, Aziz F, Gan HM (2021d) 
Improving the phylogenetic resolution of Malaysian 
andJavan mahseer (Cyprinidae), Tor tambroides and Tor 
tambra: whole mitogenomes sequencing, phylogeny and 
potential mitogenome markers. Gene 791: 145708.

16. Lim LWK, Chung HH, Gan HM (2022c) Genome-wide 
identification, characterization and phylogenetic analysis 
of 52 striped catfish (Pangasianodon hypophthalmus) 
ATP-binding cassette (ABC) transporter genes. Tropical 
Life Sciences Research 33 (2): 257-293.

17. Yusni NZ, Lim LWK, Chung HH (2020) Mutagenesis 
Analysis of ABCG2 Gene Promoter of Zebrafish 
(Daniorerio). Trends in Undergraduate Research 3(2): 
53-59.

18. Yeaw ZX, Lim LWK, Chung HH (2020) Mutagenesis 
Analysis of ABCB4 Gene Promoter of Danio rerio. Trends 
in Undergraduate Research 3(2): 44-52.

19. Chew IYY, Chung HH, Lim LWK, Lau MML, Gan HM, 
et al. (2022) Complete chloroplast genome of Shorea 
macrophylla (engkabang): Structural features, 
comparative and phylogenetic analysis pp: 1-26.

20. Jee MS, Lim LWK, Dirum MA, Hashim SIC, Masri MS, et 
al. (2017) Isolation and Characterization of Avirulence 
Genes in Magnaporthe oryzae, Borneo Journal of 
Resource Science and Technology 7(1): 31-42.

21. Lim LWK (2022a) Eco-Economically Indispensable 
Borneo-Endemic Flora and Fauna: Proboscis Monkey 
(Nasalis larvatus), Malaysian Mahseer (Tor tambroides), 
Engkabang (Shorea macrophylla), Sarawak Rasbora 
(Rasbora sarawakensis) and Sago Palm (Metroxylon 
sagu). International Journal of Zoology and Animal 
Biology 5(3): 000381.

22. Lim LWK (2022b) Comparative genomic analysis reveals 
the origin and global distribution of melon necrotic virus 
isolates. Gene Reports 29: 101685.

23. Lim, LWK (2023) Recently emerged genome wide 
computational enhancer target prediction tools: A brief 
survey. International Journal of Zoology and Animal 
Biology 6(1): 000440.

24. Lim LWK, Chung HH, Chong YL, Lee NK (2018a) A survey 
of recently emerged computational enhancer predictor 
tools. Computational Biology and Chemistry 74(1): 132-
141.

25. Lim LWK, Chung HH, Chong YL, Lee NK (2019a) 
Enhancers in proboscis monkey: A primer. Pertanika 
Journal of Tropical Agricultural Science 42(1): 261-276.

26. Lim LWK, Chung HH, Chong YL, Lee NK (2019b) Isolation 
and characterization of putative liver-specific enhancers 
in proboscis monkey (Nasalis larvatus). Pertanika 
Journal of Tropical Agricultural Science 42(2): 627-647.

27. Lim LWK, Chung HH, Hussain H, Bujang K (2019c.) Sago 
palm (Metroxylon sagu Rottb.): now and beyond. Pertan. 
J Trop Agric Sci 42(2): 435-451. 

28. Lim LWK, Chung HH, Hussain H (2020a) Complete 
chloroplast genome sequencing of sago palm (Metroxylon 
sagu Rottb.): molecular structures, comparative analysis 
and evolutionary significance. Gene Rep 19: 100662.

29. Lim LWK, Chung HH, Hussain H (2020b) Organellar 
genome copy number variations and integrity across 
different organs, growth stages, phenotypes and main 
localities of sago palm (Metroxylon sagu Rottboll) in 
Sarawak, Malaysia. Gene Reports 21: 100808.

30. Lim LWK, Lim MML, Chung HH, Hussain H, Gan HM 
(2021a) First high-quality genome assembly data of sago 
palm (Metroxylon sagu Rottboll). Data Brief 40: 107800.

31. Lim LWK, Chung HH, Hussain H, Gan HM (2021b) 
Genome survey of sago palm (Metroxylon sagu Rottboll). 

https://medwinpublishers.com/IZAB/
http://malrep.uum.edu.my/rep/Record/my.unimas.ir.38199
http://malrep.uum.edu.my/rep/Record/my.unimas.ir.38199
http://malrep.uum.edu.my/rep/Record/my.unimas.ir.38199
http://malrep.uum.edu.my/rep/Record/my.unimas.ir.38199
https://agris.fao.org/agris-search/search.do?recordID=MY2021007405
https://agris.fao.org/agris-search/search.do?recordID=MY2021007405
https://agris.fao.org/agris-search/search.do?recordID=MY2021007405
https://agris.fao.org/agris-search/search.do?recordID=MY2021007405
https://agris.fao.org/agris-search/search.do?recordID=MY2021007405
https://www.sciencedirect.com/science/article/pii/S2452014419301414
https://www.sciencedirect.com/science/article/pii/S2452014419301414
https://www.sciencedirect.com/science/article/pii/S2452014419301414
https://www.sciencedirect.com/science/article/pii/S2452014419301414
https://www.sciencedirect.com/science/article/pii/S2452014419301414
https://www.sciencedirect.com/science/article/abs/pii/S1476927119303093
https://www.sciencedirect.com/science/article/abs/pii/S1476927119303093
https://www.sciencedirect.com/science/article/abs/pii/S1476927119303093
https://www.sciencedirect.com/science/article/abs/pii/S1476927119303093
https://www.sciencedirect.com/science/article/abs/pii/S1476927119303093
https://www.sciencedirect.com/science/article/abs/pii/S1476927119303093
https://www.sciencedirect.com/science/article/pii/S2452014421000959
https://www.sciencedirect.com/science/article/pii/S2452014421000959
https://www.sciencedirect.com/science/article/pii/S2452014421000959
https://www.sciencedirect.com/science/article/pii/S2452014421000959
https://www.sciencedirect.com/science/article/pii/S2452014421000959
https://pubmed.ncbi.nlm.nih.gov/33984441/
https://pubmed.ncbi.nlm.nih.gov/33984441/
https://pubmed.ncbi.nlm.nih.gov/33984441/
https://pubmed.ncbi.nlm.nih.gov/33984441/
https://pubmed.ncbi.nlm.nih.gov/33984441/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9354906/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9354906/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9354906/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9354906/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9354906/
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2501
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2501
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2501
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2501
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2499/1065
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2499/1065
https://publisher.unimas.my/ojs/index.php/TUR/article/view/2499/1065
https://assets.researchsquare.com/files/rs-2224050/v1/a5c40f37-348e-4c0c-9843-5a6275bb8ca9.pdf?c=1670243383
https://assets.researchsquare.com/files/rs-2224050/v1/a5c40f37-348e-4c0c-9843-5a6275bb8ca9.pdf?c=1670243383
https://assets.researchsquare.com/files/rs-2224050/v1/a5c40f37-348e-4c0c-9843-5a6275bb8ca9.pdf?c=1670243383
https://assets.researchsquare.com/files/rs-2224050/v1/a5c40f37-348e-4c0c-9843-5a6275bb8ca9.pdf?c=1670243383
https://publisher.unimas.my/ojs/index.php/BJRST/article/view/389
https://publisher.unimas.my/ojs/index.php/BJRST/article/view/389
https://publisher.unimas.my/ojs/index.php/BJRST/article/view/389
https://publisher.unimas.my/ojs/index.php/BJRST/article/view/389
https://medwinpublishers.com/IZAB/eco-economically-indispensable-borneo-endemic-flora-and-fauna-proboscis-monkey-nasalis-larvatus-malaysian-mahseer-tor-tambroides-engkabang-shorea-macrophylla-sarawak-rasbora-rasbora-sarawakensis-and-sago-palm-metroxylon-sagu.pdf
https://medwinpublishers.com/IZAB/eco-economically-indispensable-borneo-endemic-flora-and-fauna-proboscis-monkey-nasalis-larvatus-malaysian-mahseer-tor-tambroides-engkabang-shorea-macrophylla-sarawak-rasbora-rasbora-sarawakensis-and-sago-palm-metroxylon-sagu.pdf
https://medwinpublishers.com/IZAB/eco-economically-indispensable-borneo-endemic-flora-and-fauna-proboscis-monkey-nasalis-larvatus-malaysian-mahseer-tor-tambroides-engkabang-shorea-macrophylla-sarawak-rasbora-rasbora-sarawakensis-and-sago-palm-metroxylon-sagu.pdf
https://medwinpublishers.com/IZAB/eco-economically-indispensable-borneo-endemic-flora-and-fauna-proboscis-monkey-nasalis-larvatus-malaysian-mahseer-tor-tambroides-engkabang-shorea-macrophylla-sarawak-rasbora-rasbora-sarawakensis-and-sago-palm-metroxylon-sagu.pdf
https://medwinpublishers.com/IZAB/eco-economically-indispensable-borneo-endemic-flora-and-fauna-proboscis-monkey-nasalis-larvatus-malaysian-mahseer-tor-tambroides-engkabang-shorea-macrophylla-sarawak-rasbora-rasbora-sarawakensis-and-sago-palm-metroxylon-sagu.pdf
https://medwinpublishers.com/IZAB/eco-economically-indispensable-borneo-endemic-flora-and-fauna-proboscis-monkey-nasalis-larvatus-malaysian-mahseer-tor-tambroides-engkabang-shorea-macrophylla-sarawak-rasbora-rasbora-sarawakensis-and-sago-palm-metroxylon-sagu.pdf
https://medwinpublishers.com/IZAB/eco-economically-indispensable-borneo-endemic-flora-and-fauna-proboscis-monkey-nasalis-larvatus-malaysian-mahseer-tor-tambroides-engkabang-shorea-macrophylla-sarawak-rasbora-rasbora-sarawakensis-and-sago-palm-metroxylon-sagu.pdf
https://www.sciencedirect.com/science/article/pii/S2452014422001935
https://www.sciencedirect.com/science/article/pii/S2452014422001935
https://www.sciencedirect.com/science/article/pii/S2452014422001935
https://medwinpublishers.com/IZAB/recently-emerged-genome-wide-computational-enhancer-target-prediction-tools-a-brief-survey.pdf
https://medwinpublishers.com/IZAB/recently-emerged-genome-wide-computational-enhancer-target-prediction-tools-a-brief-survey.pdf
https://medwinpublishers.com/IZAB/recently-emerged-genome-wide-computational-enhancer-target-prediction-tools-a-brief-survey.pdf
https://medwinpublishers.com/IZAB/recently-emerged-genome-wide-computational-enhancer-target-prediction-tools-a-brief-survey.pdf
https://pubmed.ncbi.nlm.nih.gov/29602043/
https://pubmed.ncbi.nlm.nih.gov/29602043/
https://pubmed.ncbi.nlm.nih.gov/29602043/
https://pubmed.ncbi.nlm.nih.gov/29602043/
http://www.pertanika.upm.edu.my/pjtas/browse/regular-issue?article=JTAS-1457-2018
http://www.pertanika.upm.edu.my/pjtas/browse/regular-issue?article=JTAS-1457-2018
http://www.pertanika.upm.edu.my/pjtas/browse/regular-issue?article=JTAS-1457-2018
https://agris.fao.org/agris-search/search.do?recordID=MY2022000496
https://agris.fao.org/agris-search/search.do?recordID=MY2022000496
https://agris.fao.org/agris-search/search.do?recordID=MY2022000496
https://agris.fao.org/agris-search/search.do?recordID=MY2022000496
https://www.cabdirect.org/cabdirect/abstract/20193325730
https://www.cabdirect.org/cabdirect/abstract/20193325730
https://www.cabdirect.org/cabdirect/abstract/20193325730
https://www.sciencedirect.com/science/article/pii/S2452014420300765
https://www.sciencedirect.com/science/article/pii/S2452014420300765
https://www.sciencedirect.com/science/article/pii/S2452014420300765
https://www.sciencedirect.com/science/article/pii/S2452014420300765
https://www.sciencedirect.com/science/article/pii/S2452014420302223
https://www.sciencedirect.com/science/article/pii/S2452014420302223
https://www.sciencedirect.com/science/article/pii/S2452014420302223
https://www.sciencedirect.com/science/article/pii/S2452014420302223
https://www.sciencedirect.com/science/article/pii/S2452014420302223
https://pubmed.ncbi.nlm.nih.gov/35059482/
https://pubmed.ncbi.nlm.nih.gov/35059482/
https://pubmed.ncbi.nlm.nih.gov/35059482/
https://www.sciencedirect.com/science/article/abs/pii/S2352407321000718
https://www.sciencedirect.com/science/article/abs/pii/S2352407321000718


International Journal of Zoology and Animal Biology5

Lim LWK. Blended Learning in Animal Biotechnology during Pre-COVID-19, COVID-19 and Post 
COVID-19 Recovery Phase Periods across the Globe: A Step Forward or Backward. Int J Zoo Animal 
Biol 2023, 6(2): 000451.

Copyright©  Lim LWK.

Plant Gene 28: 100341.

32. Lim LWK, Hung IM, Chung HH (2022a) Cucumber mosaic 
virus: global genome comparison and beyond. Malays J 
Microbiol 18(1): 79-92.

33. Lim LWK, Liew JX, Chung HH (2022b) Piper yellow 
mottle virus: A deep dive into the genome. Gene Reports 
29: 101680.

34. Lim LWK, Chung HH (2020) Salt tolerance research in 
sago palm (Metroxylon sagu Rottb.): past, present and 
future perspectives. Pertan. J Trop Agric Sci 43(2): 91-
105.

35. Orhan TY, and Sahin N (2018) The impact of innovative 
teaching approaches on biotechnology knowledge and 
laboratory experiences of science teachers. Education 

Sciences 8(4): 213.

36. Costa A, Costa A, Olsson IAS (2020b) Students’ acceptance 
of e-learning approaches in laboratory animal science 
training. Lab Anim pp: 23677219879170.

37. Edem DP, Dewodo C, Atiglah PB (2020) ICT skills, and 
benefit of teaching and learning animal science with 
blended learning at colleges of education in Ghana. 
Journal of Education and Learning (EduLearn) 14(2): 
289-300. 

38. Yap WH, Teoh ML, Tang YQ, Goh BH (2021) Exploring the 
use of virtual laboratory simulations before, during and 
post COVID-19 recovery phase: An animal biotechnology 
case study. Biochem Mol Biol Educ 49(5): 685-691.

https://medwinpublishers.com/IZAB/
https://www.sciencedirect.com/science/article/abs/pii/S2352407321000718
http://www.malrep.uum.edu.my/rep/Record/my.unimas.ir.37827
http://www.malrep.uum.edu.my/rep/Record/my.unimas.ir.37827
http://www.malrep.uum.edu.my/rep/Record/my.unimas.ir.37827
https://www.sciencedirect.com/science/article/pii/S2452014422001881
https://www.sciencedirect.com/science/article/pii/S2452014422001881
https://www.sciencedirect.com/science/article/pii/S2452014422001881
https://www.pertanika.upm.edu.my/resources/files/Pertanika
https://www.pertanika.upm.edu.my/resources/files/Pertanika
https://www.pertanika.upm.edu.my/resources/files/Pertanika
https://www.pertanika.upm.edu.my/resources/files/Pertanika
https://www.mdpi.com/2227-7102/8/4/213
https://www.mdpi.com/2227-7102/8/4/213
https://www.mdpi.com/2227-7102/8/4/213
https://www.mdpi.com/2227-7102/8/4/213
https://pubmed.ncbi.nlm.nih.gov/31631766/
https://pubmed.ncbi.nlm.nih.gov/31631766/
https://pubmed.ncbi.nlm.nih.gov/31631766/
https://eric.ed.gov/?id=EJ1266667
https://eric.ed.gov/?id=EJ1266667
https://eric.ed.gov/?id=EJ1266667
https://eric.ed.gov/?id=EJ1266667
https://eric.ed.gov/?id=EJ1266667
https://pubmed.ncbi.nlm.nih.gov/34291546/
https://pubmed.ncbi.nlm.nih.gov/34291546/
https://pubmed.ncbi.nlm.nih.gov/34291546/
https://pubmed.ncbi.nlm.nih.gov/34291546/
https://creativecommons.org/licenses/by/4.0/

	_GoBack
	Abstract 
	Introduction
	Biotechnology Knowledge and Laboratory Experiences of Science Teachers-Turkey (Pre-COVID-19 Period)
	Laboratory Animal Science Training - Portugal (COVID-19 Period)
	Animal Science Blended Learning - Ghana (COVID-19 Period)
	Animal Biotechnology Virtual Laboratory Simulations-Malaysia (Pre-COVID-19, COVID-19 and Post COVID-19 Recovery Phase Periods)
	Future Directions: To Be or Not To Be?

	References

