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Abstract

Commercialization of R&D products by Government Research Institutions (GRI) in Malaysia is still modest,
particularly in agro-based R&D. Furthermore, information sharing of the commercialization experience by GRIs or
academia is also very scarce and provides little practical guidance. Hence, this article is prepared to describe the
Fisheries Research Institute, Department of Fisheries’ experience in commercializing our first aquaculture R&D
technology, i.e., a device to combat marine leech (an ectoparasite) infestations in marine fish culture, named ‘Break and
Protect 2° (BP2). The marine leech poses a significant challenge to optimal aquaculture production in Southeast Asian
countries. BP2 has been proven to decrease marine leech infestation levels and safeguard the marine environment
through minimizing chemical use, offering an eco-friendly solution crucial for sustainable aquaculture. In 2020, this
technology was licensed to a local aquaculture products company and available in the market in 2022. Critical factors
that assisted in the commercialization of BP2 were good partnership with licensee and users, significant selling points,
government support and ownership of intellectual property rights. The issues that hindered the commercialization and
way forward are also highlighted.
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1.0 INTRODUCTION

In simple terms, commercialization refers to activities required to introduce an innovation from the Research
and Development (R&D) infrastructure to the market (Kelm et al., 1995; Narayanan et al., 2000). It is a rigorous
and complex exercise that requires policy direction, funding, business plan and human resources capability
throughout the course. Although intricate, the outcome of technology commercialization enhances trade,
economic growth and welfare improvement at the national level (Jjagwe et al., 2024).

In Malaysia, efforts towards commercialization were initiated in the 6th Malaysia Plan (MP) (1991-1995),
and extended to the 7th (1996-2000), 8th (2001-2005) and 9th (2006-2010) MP (Chandran, 2010). In the 8th MP,
a total of MYR 836.9 million were allocated for R&D, followed by MYR 3.101 billion and MYR 741 million in
the 9th MP and 10th MP (2011-2015) (Ali et al., 2017) as well as pre-commercialization funds (e.g., Technofund,
Innofund, Technology Development (TED) Fund, The Bridging Fund). These funds helped to develop new or
improve existing products or technologies in specific areas to establish new businesses or create wealth creation.
Besides funding, emphasis on commercialization was also reflected in the introduction of policy and initiatives,
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namely the National Intellectual Property Policy (2007), the Intellectual Property Commercialization Policy for
Research and Development Projects Funded by the Government of Malaysia (2009), the establishment of science
and technology parks like the Malaysian Research Accelerator for Technology & Innovation (MRANTI) to help
incubate ideas, technology and business. All these efforts were designed to encourage local inventions, works and
designs that will create jobs and add to the country’s economic growth to accelerate the rate of commercialization.

Malaysia has demonstrated a steady rise in the number of IP filings. Between January 2013 and December
31, 2018, a total of 282,825 IP applications were recorded. During the same period, MyIPO approved a total of
215,036 IP registrations (Anon., 2019). Despite high numbers of IPRs, the commercialization rate of publicly
funded projects was minimal. According to a report by the Ministry of Science, Technology and Innovation
(MOSTI) in 2019, commercialization of R&D products was between 8-9% during the 11th MP, which was
slightly higher than the 10th MP (5-6%). Out of 7,899 IPS filed in 2017, the return of investment from the R&D
projects was only RM1.60 million (USD 0.36 million) (MASTIC, 2020). This could indicate weak local
innovative capabilities (Chandran et al., 2009; Chandran & Wong, 2011; Ismail et al., 2015). Apart from that, Ali
et al. (2017) stated that industry players were not keen on Malaysian R&D products because the products were
prototype versions that could not be sold in the market and they were not willing to invest to upgrading the
products from lab scale to the up-scaling level.

Commercialization is a major obstacle to researchers from government research institutions (GRIs). In
general, universities have more R&D commercialization paths (from spin-offs, joint ventures to technology
transfer via licensing) compared to GRIs due to their statutory constraints (Baharudin & Mohd Farid, 2020; Hailu,
2024; Martinez-Ardila et al., 2023). In addition to statutory restrictions, the lack of know-how and clear
mechanisms also hinder GRIs in accomplishing commercialization. However, these has not stalled the Fisheries
Research Institute (FRI), Department of Fisheries (DOF) in embarking on the commercialization journey. This
article presents FRI’s experience in commercializing a marine leech trap, called Break and Protect 2 (BP2). It is
hoped that researchers from other GRIs could acquire some insights into the commercialization process that could
be accomplished within their limits.

2. Marine leech problem in aquaculture

Aquaculture is an important agriculture subsector with great potential for food security, poverty mitigation,
prospective trading, and other benefits that match the United Nations Sustainable Development Goals (Food and
Agriculture Organization (FAQO) 2022). The significant progress in aquaculture has been largely attributed to the
intensification of fish production and aquaculture transformation. One of the aquaculture transformation themes is
biosecurity and disease control (FAO, 2022).

Fish are known to be affected by many kinds of parasites and in some cases may lead to mortality. Parasite
infestation and resulting secondary infections were acknowledged as the main contributors associated with losses
in farmed fish (Kotob et al., 2017). For instance, an ectoparasite (which affects the fish externally, includes the
skin, eyes, fins, and gills) such as the marine leech (Pterobdella arugamensis, previously named Zeynicobdella
arugamensis), is an essential threat to the aquaculture industry. Prevalence of P. arugamensis in various cultured
fish especially groupers was well documented around the Indo-West Pacific region, encompassing Brunei
Darussalam (Azmey et al., 2020; Wafi et al., 2023), China (Wang et al. (2018), India (Sanjeeva et al., 1977),
Indonesia (Murwantoko et al., 2017; Mahardika et al., 2018, Gunati et al., 2020), Iran (Polgar et al., 2009), Japan
(Nagasawa & Uyeno, 2009), Peninsular Malaysia (Kua et al., 2010; Ravi & Yahya 2017), Philippines (Cruz-
Lacierda et al., 2000), Singapore (De Silva & Fernado), South Africa (Hayes et al., 2006) and Sri Lanka De Silva,
1963).

Fish that are infested with marine leeches on their skin will usually rub their body against surrounding objects,
creating injuries and ulcerations on the skin. Although pathogenicity is low initially, in severe infestation cases, the
vast number of leeches that latch to the fish to suck blood may cause chronic anemia, skin lesions, wounds,
decreases decrease in appetite, tamper growth and finally mortality ((Cruz-Lacierda et al., 2000; Noga 2010,
Suyanti, 2021). The infestation could instigate secondary infections as marine leeches have been proven to be a
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vector for fish pathogens such as Vibrio alginolyticus (Kua, 2008; Kua et al., 2009). Besides that, leeches may also
transmit microbes and hemoparasites (Noga 2000). Marine leeches were also reported to have the ability to transmit
the hemogregarine and trypanosomes simultaneously between fish (Hayes et al. 2006). According to Kua & Leaw
(2024), the extent of injury to the host largely depends on the number of attached leeches.

The cost of treatments, prevention, and even reduced fish growth due to loss of fish appetite because of
treatments or the parasites can also be substantial and put a burden on farmers (Mustafa et al., 2001). In Malaysia,
leech infestations in Penang caused losses of RM 6 million in 2014 and RM 1.1 million in 2016. The magnitude of
losses caused by marine leeches has resulted in this parasite being placed on the Malaysian notifiable disease list
under the DOF, Malaysia. Until the year 2014, a total of 14 marine fish species including hybrid grouper
(Epinephelus fuscoguttatus x E. lanceolatus; E. fuscoguttatus X E. coioides; E. lanceolatus x E. coioides), tiger
grouper (E. fuscoguttatus); giant grouper (E. lanceolatus); green grouper (E. coioides); mangrove red snapper
(Lutjanus argentimaculatus); crimson snapper (L. erytopterus); golden snapper ( L. johnii); Asian seabass (Lates
calcarifer); cobia (Rachycentron canadum) and golden pompano (Trachinotus blochi) were identified to be at risk
of being infected by marine leeches, with a prevalence between 40%—100% (Kua, 2020). If preventive measures
are not implemented in a timely manner, then infestations can spread and result in mortality, leading to greater
economic loss to the farmer.

Traditional treatment for leech infestation involves removing the leeches manually by hand, brush, or towel,
which is stressful to the fish and operator. Other treatments include using chemicals such as formalin, acriflavine,
or antibiotics; However, this is not environmentally friendly. A fresh water bath is also an option, but not practical
or guaranteed (Kua, 2019). Marine leech elimination using tropical plant-based extracts was also investigated
(Wan Norhana et al., 2021). Although four plant extracts (Melastoma malabathricum, Piper betle, Tetracera
indica, and Etlingera coccinea) were found to exhibit anti leech activity, practical application to overcome
infestation at the cage culture sites were not straightforward.

All these shortcomings have driven BP2 innovation, which is based on physical mitigation methods by
providing a substrate for adult marine leeches to lay their cocoons in fish cages. The device also attracts the fish to
hide inside them, thus mobilizing the leeches nearer to the trap. The device lures the leeches to detach from the
host and lay their cocoons on its surface. After a few days in cages, BP2 is removed, along with both adult leeches
and their cocoons, and cleaned properly and reused after that. Continuous removal and deployment of BP2 over a
fixed period aids in reducing marine leech prevalence. Trials conducted at fish culture sites demonstrated that the
use of the device resulted in the presence of adult marine leeches and an uncountable number of cocoons. The
prevalence of marine leeches in infected fish in cages equipped with the device was observed to be 50% lower
compared to those in cages without the device. A one-way ANOV A showed a significant difference (p < 0.05) in
the prevalence of leech infection between the two groups (Kua, 2020). Continuous use of BP2 in marine fish cages
successfully reduced the prevalence of marine leech infestation from 80%-100% to just 20%-28% (unpublished
data).

3. Innovation of Break and Protect 2 (BP2)

BP2 is a device for trapping marine leech and reducing the number of leech infestations from caged-cultured
marine fish. It is novel in the way that it could avoid leech infestation on fish by applying leeches' life cycle
information and fish's natural behaviour. The device not only removed adult leeches, but also cocoons (eggs) from
fish cages without using any chemicals. As marine leeches are ever present in the sea, it is important to continue
applying BP2 in the cages every five days to ensure that the leeches’ lifecycle is disrupted, and the fish are
protected. In addition, BP2 is easy to apply and reduces handling stress on fish. The primary goals of BP2 are to
minimize unsold fish caused by injuries, prevent re-infestation of the marine leech parasite, and decrease the
reliance on chemical treatments for leech control.
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4. R&D Activities, Technology Platform and Prototype Stages

The study on the completion of the marine leech life cycle was initiated during the 9™ MP. Development of
BP 2 was initiated in the 10" MP through MOSTI under Science Fund grants worth RM 156,000 to carry out a
project entitled “Marine leech, Z. arugamensis infestation in marine farm fish: Occurrence, Pathogenicity &
Control Measures” (Project No: 04-03-06-SF0029) from 2013 to 2015. This project was led by Dr Kua Beng Chu
and Ms Nur Ashikin Arbi from the Parasitology Laboratory, National Fish Health Research Center, FRI, DOF.
The device was evaluated at the field cages in Bukti Tambun, Penang and demonstrated to successfully trap
marine leech and reduce the prevalence from 70% to 20% (Kua, 2015).

The initial prototype was filed as a patent in 2012 with the title “Controlling Leech Infestation During Fish
Culture” (PI 2012000290) and referred as Break and Protect (BP), which translates the concept of innovation, i.e.,
to break the life cycles of the leech and protect the fish from cannibalism. After eight years, the patent was granted
in August 2018, with certificate no MY-167115-A. However, the status of the patent was lapsed because of
miscommunication with a previous FRI’s IP agent that had ceased operation. Later in the 11™" MP, the original BP
was improvised, named BP2 and filed as a patent in 2017 with the new title “Leech Remover” (PI No.
2017703059) (Liyana & Wan Norhana, 2024). This application was granted on 12 September 2024 with
certificate number MY-204788-A. To make this innovation easily recognized and associated with FRI, DOF, a
trademark for BP2 was filed in 2024 (Figure 1).

D"

A

Figure 1. Break and Protect 2 trademark
5. The selling attributes of BP2
Potential for International Market

As mentioned earlier, marine leech infestation does not only occur in Malaysia but also in neighbouring
South East Asian and other tropical countries. These are the main favourable aspects of BP2, which are for the
domestic and export market.

A Simple Device

BP2 is a very simple device to manufacture using local, readily available and inexpensive raw materials. It is
easy to handle, does not require large storage space, has no specific storage environment and is easy to transport.
Designed with single operator and allows individuals of all experience levels to operate it effortlessly. The device
offers a quick setup process and saving time, thereby ensuring accessibility for everyone. The device could be
produced in an ordinary plant without having to obtain good manufacturing practices (GMP) requirements. Unlike
fish vaccines, probiotics or electrical appliances, the application of this device to the fish cages does not require
certification or clearance from a relevant authority in Malaysia, such as the Department of Veterinary Science
(DVS) or Department of Environment Malaysia (DOE), or Standard and Industrial Research Institute of Malaysia
(SIRIM).
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Green Technology

Application of BP2 replaced the use of harmful antimicrobial in aquaculture. Thus, BP2 could be
categorized as a green technology product which promotes economic sustainability and protects the environment.
This could be a good marketing strategy for BP2, especially in the international market, where there is stronger
awareness of environmental issues and sustainability value. Its effectiveness and commitment to sustainability
were recognized when BP2 received an award from the Commonwealth in 2021.

User-Friendly and Cost-Effective

BP2 is user-friendly. It only requires one worker to operate BP2 compared to conventional methods that
require a lot of labour to remove the leeches manually. This does not only cause stress on the fish but also on the
operator. The less expensive and more effective technology products will generate more commercial value.

Other Selling Attributes

BP2 development and trials were reported in prestige and high-impact journals. Apart from that, the BP2
inventor is also recognized nationally, regionally and internationally for her work in fish health management,
particularly with parasites. Being 100% IP owned by the DOF makes the BP2 commercialization process less
hassle as it does not involve other IP owners from different institutions.

Apart from that, BP2 has earned several awards at the national and international level (Anon., 2022). In
2018, BP2 received a gold medal at the National Innovation & Invention Competition Exhibition 2018
(iCompEx’18) and was 2" Runner-up in the Agriculture, Environment and Renewable Energy Category. In
addition, BP2 also won a silver medal in the 4™ International Innovation, Design & Articulation 2018 (i-IDeA
2018). The highest recognition was accomplished through the Commonwealth Secretary-General’s Innovation for
Sustainable Development Award (Commonwealth Innovation Awards 2021-Government Category) in 2021 with
£3000 of prize money (Anon., 2021).

6. Scaling Up and Commercialization Stages of BP2

In 2019, FRI was approached by a local aquaculture trading company dealing in reproductive and health
products for fish and shrimp to commercialize BP2. After several discussions, both parties agreed to proceed with
a commercialization path via technology transfer. This path was the preferred option for other GRIs in Malaysia as
described by Baharudin & Mohd Farid (2020). This path enables GRIs to focus on executing the relevant R&D
and perfecting the technology and later choose a capable industrial player to execute commercialization and, in
exchange, receive licensing fees and royalties. Since this is the first experience for FRI, key obstacles faced at
this stage included unclear policy and procedures, insufficient technology and entreprencurial skills among the
personnel involved.

Despite the shortcomings, the FRI commercialization journey was advanced. After getting approval and
endorsement by the top management, the licensing agreement was drafted and signed on 27" May 2020. The
agreement was valid for 5 years. The licensee was subjected to a one-off processing and licensing fee and minimal
yearly royalty payment. The fees were deposited in the Government Revenue Fund. Although FRI owns a trust
account, it is only for depositing funds to carry out R&D from private entities and individuals and not from
commercialization activities. However, in 2021, the scope of the FRI trust fund has been amended to include
payment from commercialization.

It took a while for the company to find an appropriate production facility and perfectly fabricate BP2

suitable to its function. The company received a National Technology and Innovation Sandbox (NTIS) grant worth
around MYR 215,000 from the MTDC for 2022-2023.
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Only in November 2022 was BP2 officially launched and ready to be traded. A focused, tailored technology
transfer was implemented through social networking, participation in various events, on-site demonstration and
user training. BP2 was evaluated in several fish culture areas throughout Peninsular Malaysia, including Sabah,
Kelantan, Penang, Terengganu, Sarawak, Perak, Selangor, Johor and Brunei Darussalam (Tan et al., 2022; Kua et
al., 2024). Feedback from users in Brunei, for example, showed a significant reduction in leech prevalence under
captivity, while Sabah farmers promisingly removed 16,190 adult leeches and over 601,000 cocoons within 15
days of BP2 application (Kua et al., 2024). These outcomes strengthen the initial findings that BP2 effectively
reduces marine leech infestations and provides an eco- and user-friendly approach to sustainable aquaculture.
Photos of the field trials and evaluation were mostly updated on the FRI Facebook as promotion and records.

The company not only provides strong technical support for the products but, together with the inventor,
actively shares and disseminates technical know-how and assists the customers. The strong partnership and good
communication between FRI, DOF and the company has helped to create awareness of BP2 among the farmers
and helped in the commercialization process as suggested by Mustapha et al. (2021).

7. Issues and Challenges

General commercialization challenges were similar to those reported by Baharudin & Mohd Farid (2019)
and Baharudin & Mohd Farid (2020). Specific challenges include low demand for BP2 among fish farmers.
Farmers in Malaysia often struggle with limited capital. Although currently priced at around MYR 250/unit (USD
56.00, conversion ratio 1 MYR = 0.224502 USD 1 USD = 4.45429 MYR), it is still considered an additional
burden to the existing high operating costs. Commercialization of agricultural R&D products is very important,
especially to address food security. The less expensive and more effective technology products will generate more
commercial value.

In terms of protection, the BP2 design is simple and easy to copy. Furthermore, it is only registered in
Malaysia, thus the IP rights are only valid in Malaysia. Therefore, it may be defenceless for DOF to trade BP2
internationally. However, in order for users to attain the optimum benefits from a BP2 application, certain
procedures need to be followed, and require tailored technical advice from FRI. This requirement could perhaps
secure BP2 trading.

8. Way Forward

It is well understood that successful R&D commercialization is an uphill battle. Nevertheless, since this is
our first milestone in commercialization, our next mission is to get BP2 to the right place (distribution channels)
with the right promotion (creating awareness and branding). Having a clear understanding of the application of
BP2 is not enough to make it successful in the market. Continuation with large-scale on-farm evaluation and
credible data sets are needed to demonstrate the benefits and advantages of BP2 deployment. Farmers listen to
other farmers. So, conclusive data from large-scale field trials in certain areas by respective farmers are
influential in advancing new products from awareness to trial use and on toward adoption. In short, the pathway to
successful commercialization includes a go-to-market and technology transfer program with a clear, concise and
credible testimonial supported by scientific facts.

There is a saying that says “update or die". Similarly, with BP2, the inventor should continue the R&D to
provide other supporting information such as the shelf life of BP2 and the recommendation on the number of BP2
sets to be used for certain cage perimeter in order to get optimal results in reducing leech infestation. In addition,
the manufacturer’s instruction leaflet with all pertinent details including the application of BP2 on site, how to
dispose of the attached adult leeches and cocoons, how to clean and store BP2 could be handy and useful. Last but
not least, aggressive promotion of BP2 on all kinds of platforms and networking should be encouraged.
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9. CONCLUSION, LIMITATIONS AND FUTURE DIRECTION

The commercialization path through licensing approach was the best option for BP2 as it reduces the risk of
falling into the valley of death in the innovation diffusion curve. By having a collaboration with a local
aquaculture products company with relevant experience and business infrastructure already in place, assisted
BP2's introduction to relevant industrial players. Although the process was rigorous and rocky, it also serves as a
learning process for both licensor and licensee.

Despite the limitations, technology commercialization is still achievable at the GRIs. It is hoped that the
experience and sharing of information could empower our researchers to pursue their commercialization goals.
One thing that we learned for sure, is being obsessed with quick wins does not complement the conversation about
innovation. Although the monetary gain from BP2 commercialization is not very lucrative at present, the
intangible impact in the form of substantial economic benefits to the farmers, the environment and aquaculture
industries in securing food for the countries was worth doing.

This case study demonstrates the successful commercialization of an innovative aquaculture technology to
address marine leech infestations. Our journey illustrates that with the right strategy, institutional backing, and
industry collaboration, agro-based R&D can achieve real-world impact. We hope this experience encourages other
GRI to pursue commercialization for societal and economic benefit
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