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Abstract: Sri Lanka is a biodiversity hotspot with a rich history of embodying traditional medical practices in
its cultural values. Despite this, the nation still stands behind in the global nutraceutical industry due to
inadequate research-based evidence for the safety and efficacy of these compounds. This paper discusses the
importance of supporting industry advancement while acknowledging existing barriers, promoting basic
research needs, developing new research strategies, and fostering regional cooperation in science in light of the
Sri Lankan BICOST IX technical report and an overview of the literature. Phytochemically monitored plant
cultivation systems, postharvest technologies, globally accepted research practices to ensure safety and
efficacy, human resource capacity development, and modernising laboratories with cutting-edge technologies
are strongly recommended for policy-level recognition. In general, formal science brokering can effectively
communicate these recommendations at the decision-making level, which is currently lacking in the system.
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Introduction

Nutraceuticals, a term coined by combining the words “nutrition” and “pharmaceuticals”, is
defined by Health Canada as “a product isolated or purified from foods that are generally sold
in medicinal forms not usually associated with foods” and that have the potential to have health
benefits and prevent diseases (Jain & Ramawat, 2013). As a result of fundamental lifestyle
modifications, there has been a distinct increase in the global incidence of noncommunicable diseases
(DeFelice & perspective, 2005). The increase in healthcare costs has shifted the focus to preventive
care, leading to growing preferences for functional foods and supplements (Saini, Malik, Kumar,
Bhatt, & Research, 2020). Healthy supplements such as nutraceuticals derived from plants, microbes
and other botanicals have started to emerge as a globally demanding industry with a market value
of USD 409 billion in 2023, and this value could reach USD 597 billion in 2027(Chopra et al., 2022;
Jayaweera, 2023).

Sri Lanka is a country in South Asia that has been recognised as a biodiversity hotspot due to
the vast diversification of its flora and fauna. Sri Lankan bioresources, which possess distinctive
medicinal properties, have been used in traditional medicine for more than 4000 years(Kotagama,
2008). The emerging trends in developing pharmaceuticals and nutraceuticals from these natural
resources have captured the interest of scientists, and over a decade of research have proven that Sri
Lankan herbal plants are promising natural resources with antidiabetic, antilipidemic, and
antioxidant properties that can be applied in novel preventive interventions as nutrient supplements
(Siriwardena, Wijesundara, & Karunarathna, 2015). In Sri Lanka, the Ministry of Health launched a
number of indigenous medicine initiative projects to increase public awareness of the benefits of
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nutraceuticals as a strategy to reduce the prevalence of complications of noncommunicable diseases
(Bulathgama, Lakshman, & Bulugahapitiya, 2022; Peduruhewa, Jayathunge, Liyanage, &
Manatunga, 2023; promotion, 2021).

Sri Lanka customs statistics state that the country’s export revenue for nutraceuticals is USD 36
million (NASTEC, 2023). However, despite the availability of native bioresources, Sri Lanka still
stands in a lower position on the ladder of the global nutraceutical market due to inadequate
research-based evidence for the safety and efficacy of these formulations, particularly in in vitro and
in vivo studies, which hinders the global pathway for Sri Lankan nutraceutical products (P. K.
Perera),(Karunaratne, 2021).

The authentic source of the raw materials, the compound's purity, the existence of additional
active compounds, quality, the absence of scientific evidence, deceptive advertising, heavy metal
contamination, and interactions between medications and supplements are all factors that greatly
influence the performance of the sector (Siddiqui & Moghadasian, 2020). Therefore, tackling them at
the science and policy interface will undoubtedly improve the sustainability of the industry since
these factors are not only within the scientific regulatory context but also within the societal context.
While addressing these issues, lessons learned from other countries, particularly from the Global
South, would have great potential to strengthen the system at the national level (Mendoza, 2020;
Muhammad, Awaisu, & Medicines, 2008).

In the Global South, countries, particularly South, Southeast Asia and Latin America, have
tremendous potential to contribute to the world nutraceutical industry (Chaurasia, Pati, Padhi,
Jensen, & Gavirneni, 2022).

Regional cooperation is the best approach for promoting science, technology, and innovation
(STI) activities at the national level in the Global South by laying the foundation for research centres,
bilateral projects, mobility programmes, and capacity-building activities for scientists(Echeverria
King, Gonzalez, Andrade-Sastoque, & Analytics, 2021).

The Biennial Conference on Science and Technology (BICOST) is one of the core mandated
activities of the National Science and Technology Commission of Sri Lanka (NASTEC), the apex body
for advising the Government of Sri Lanka (GoSL) on policies and plans for the development of science
and technology across these disciplines, including its applications to stimulate economic growth
(GoSL, 1994). Accordingly, the 9th BICOST was held in March 2023, and four technical reports (TRs)
were produced as an output of the conference to make available a set of policy recommendations to
the GoSL (Shahmy, 2023; Silva et al., 2024). The TR titled “Nutraceuticals and lead medicinal compounds
derived from Sri Lankan bioresources” draws attention to the importance of understanding the status
of the current nutraceutical industry in Sri Lanka and proposes directives on the advancement of the
industry from the perspective of research and development (R&D) at policy interfaces. The TR
discusses the importance of the sector while acknowledging the existing barriers, promoting basic
research needs, and introducing new research strategies to lead the sector towards sustainable
socioeconomic development in the country (NASTEC, 2023).

The objective of this prospective work is to discuss in detail the extrapolated findings and
highlight the significance of the recommendations proposed in the TR in light of the global literature,
including south-to-south cooperation in science.

Methodology:

To compile BICOST-IX’s TR, information was gathered through literature reviews, government
institutional database exploration, sources from leading academics and researchers, and industry by
a group of experts assigned by NASTEC. The information gathered was analysed and extrapolated
in the TR under the sections “global and local market positioning of the industry,” “cultivation and
postharvest technology,” “the research needs for identification of compounds,” “safety and efficacy tests (pre-
and clinical studies), standardisation,” industrial research needs, recent advancements in the industry, and
commercialisation.”

To conceptualise the TR findings while ensuring the flow of information and accentuation by
the overview of the retrieved narrative literature, we synthesised them under the two sections
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“Cultivation and Post-Harvest Technology of Herbal Raw Materials” and “An Overview of Research
Needs and Clinical Trials in the Nutraceutical Industry” derived from some published work
(Parveen, Parveen, Parveen, Ahmad, & sciences, 2015; Puri et al., 2022) (Figure 1).
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Figure 1. Methodology Diagram, Information Gather, Accuracy, Conclusion Draw, Knowledge
Creation (Image Credit: Ms. Sajini Dickmadugoda).

Discussion:

I. Cultivation and Postharvest Technology of Herbal Raw Materials

The availability of high-quality plant raw materials is vital for producing standardised
nutraceutical products. Hence, the quality of raw materials should be maintained from the primary
stages of cultivation and postharvest technological procedures(Chandra, Stanford, Fletcher, Walker,
& Drugs, 2019). According to the Good Agricultural and Collection Practices (GACP) guidelines for
medicinal plants published by the World Health Organisation (WHO), plants should be subjected to
research to identify the most favourable cultivation method(G. WHO, 2003). Research on the best
cultivation method for TRs through trial cultivation could address this issue(NASTEC, 2023).
Nevertheless, to obtain high-quality medicinal plants, the whole cultivation process should be
monitored, and harvesting should be performed during the optimal season (Selmar, Kleinwachter, &
Products, 2013; W. H. O.-. WHO, 2003). Furthermore, standardisation issues that result from
commercialisation and variations caused by environmental changes indicate the need to define
phytochemical profiles of plant raw materials(Kumari & Kotecha, 2016). There have been many
studies carried out in the region on the establishment of phytochemical profiles, and more
comparative studies are needed to obtain a better understanding of suitable extraction techniques,
with implications for a clearer and more meaningful comparison of the techniques and solvents used
for the extraction of various phytochemicals(Kumar et al.,, 2023). Policy-level interventions and
directives could accelerate collaborative dialogue efforts with regional partners in this regard
(Sandhu & Indo-Pacific, 2020).

The quality of the ingredients used in commercial herbal medications has been evaluated,
mainly to guarantee their safety. Maintaining phytochemical consistency critically depends on the
authenticity and homogeneity of the herbs, as well as on stringent physical processing and extraction
manufacturing protocols. Good Manufacturing Practice (GMP) before and during the manufacturing
process, Good Plant Authentication and Identification Practice (GPAIP), GACP, and Good
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Laboratory Practice (GLP) in the analysis must all be implemented and followed(Govindaraghavan,
Sucher, & Behavior, 2015; Kunle et al., 2012).

Sri Lanka is able to allocate a budget estimate of Rs. 2 million (USD 6200) in 2023 for a new
village-level herbal agri-programme expecting to encourage youth in the commercial cultivation of
herbal plants. In addition, under a city herbal forest programme, those would expect to create 500
herbal forests to boost the industry. The authorities are expected to reduce the import expenses spent
on raw material imports by Rs. 1000 million (USD 3 million) through this initiative (MoF, 2023). Until
and unless the projects adhere to internationally accepted standard practices, the project’s desired
deliverables are in question. Hence, the TR urges the industry to adhere to such practices, while
calling on the relevant agencies to strengthen the practices to ensure that the phytochemically
monitored herbal plant cultivation system is systematically adopted by the industry.

Ensuring that the quality of the raw materials is free from cross-contamination has a significant
impact on the safety of the products(Gulati, Ottaway, Jennings, Coppens, & Gulati, 2019; Haji,
Kerbache, & Al-Ansari, 2022; Mtewa et al.,, 2020). The TR emphasises that raw material collection,
cleaning, drying, and storage should be equally monitored to avoid cross-contamination (NASTEC,
2023). The National Institute of Post Harvest Management (NIPHM) in Sri Lanka has conducted
development projects on using appropriate methods of packaging to reduce the postharvest loss
caused during transport(NIPHM, 2020). These applications could be tailored to meet industry needs.
A number of advanced laboratory facilities, including the NIPHM, could be utilised for
phytochemical testing of post harvesting raw materials. However, the country needs some
collaborative effort to link such national facilities centrally with the regional partners to incubate,
accelerate, and spillover the impact to enable a conducive innovation culture in the sector(Cameron,
2022; Galvez, 2022).

II. An overview of Research Needs and Clinical Trials in the Nutraceutical Industry

The use of novel technologies for the isolation of bioactive phytochemicals from Sri Lankan
herbal plants to determine their nutraceutical value and to create specific phytochemical profiles to
maintain a standard library of nutraceutical products for standardisation still lags behind due to
limited instrumentation, technology, and legal provisions. However, in this regard, the National
Research and Development Framework of Sri Lanka (NRDF) 20162020 and the WHO Traditional
Medicine Strategy 2014-2023 collectively urge the updating of the National Ayurveda
Pharmacopoeia to reflect the authentication of herbs, minerals, and other ingredients and finished
products that have yet to materialise(NASTEC, 2016; WHO, 2013). In an analysis performed through
Scopus in 2015, research related to medicinal plants was found to be the dominant research area in
Sri Lanka(Dissanayake, 2015). Almost a decade later, Sri Lanka was still a minor-scale nutraceutical
manufacturer. However, recently, the National Research Council of Sri Lanka (NRC) has selectively
declared five research grants for the development of the nutraceutical industry, and the National
Science Foundation of Sri Lanka (NSF) has introduced a special grant scheme in which novel
technologies from indigenous medicines have been identified as a priority area(NSF, 2022). The NRC
takes a further step in the process of prioritising nutraceuticals and lead medicinal compounds as one
of the areas for research for public—private partnership (PPP) grants based on the TR
recommendation to call the grant scheme in 2023(NRC, 2023-2024). These positive developments in
the sector can ensure the quality of nutraceuticals from the laboratory to production, at least to some
extent. However, there is a need to update the Auyrveda pharmacopoeia to provide an authentic
phytochemical profile and set standards for end-product quality checks, which are high priorities for
work robustness(Rungsung, Dutta, & Hazra, 2013). It is also necessary to address the funding to
sustain them on a long-term basis, not only by depending on the state but also by extending them to
attract international competitive grants, which is a globally known strategy (Asase, 2023; Evans,
Miklosik, & Du, 2023; Rungsung et al., 2013; Rybnicek & Konigsgruber, 2019). The state-funded
institution here is encouraged to adopt this model but needs legislative support from the government
on lobbying to reach global audiences (Lathrop & Ruma, 2010).
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Sri Lanka still lacks sector-dedicated preclinical laboratory-accredited facilities that adhere to
GLP, xerography models, and other modern technologies required for novel product discoveries and
efficacy testing at the preclinical level. The situation could worsen because there has been a gap in
the fund allocations for their development in the national budgets until recently (MoF, 2023). This
finding urges policymakers to recognise the significance of research at every key step in the chain of
value creation in the nutraceutical industry and to incentivise research in the sector; however,
effective policy brokering is needed to sustain such research (Jost, Birringer, & Herzig, 2022). Despite
this, in 2024, the national budget allocated a total of SLR 8 billion (US$ 260 million) for research and
development (R&D), which is the highest ever allocated in Sri Lanka’s history, technological
advancement, and innovation activities across the sectors to foster economic growth and support
overall progress and social wellbeing (Saliya, 2023). This would enable the allocation of such
preclinical laboratory facilities, at least at state higher education institutions. However, it again recalls
the need for a greater commitment from interested parties to negotiate —effective policy brokerage
with decision makers—where there is no formal established system in Sri Lanka yet, even though the
NASTEC is mandated to establish it (Shahmy, Munagamage, Perera, & Fernando, 2022; Shahmy,
Perera, Munagamage, & Fernando, 2021). In other words, in general, the need to establish a system
of science advice—the holistic science evidence synthesis and brokering national system in Sri
Lanka—is urgent. Together, the academic industry, policymakers, and decision bodies play a
negotiating role in improving the nation in terms of STI(Gluckman, Bardsley, Kaiser, &
Communications, 2021).

As the TR indicates, the Formulary Committee (FC) of the Department of Ayurveda (DoA) in
Sri Lanka serves as a legislative body in the sector for implementing rules and regulations for the
standardisation of herbal products. The products are assessed according to guidelines published by
the WHO, Sri Lanka Standards Institution (SLSI), and DoA under the FC directive. Accordingly, raw
material authentication, identification of marker compounds, physico-chemical parameters,
determination of shelf life, microbial purity, determination of foreign matter, extractive values, heavy
metals, total ash value, and pesticide residues are the main quality parameters applied in
nutraceutical product standardisation in Sri Lanka(NASTEC, 2023). The parameter tests are
conducted locally by Sri Lanka Accreditation Board (SLAB)-certified quality testing laboratories;
currently, such certified facilities for nutraceuticals are confined to only one public sector institution,
the Industrial Technology Institute (ITI), and two private sector entities. Despite this, in general, the
sector here lacks cost-effective, adequate facilities with advanced spectroscopic and chromatographic
analysis technologies for active ingredient quantification. The high costs of tests in laboratories
equipped with such technologies have placed emerging small-scale industries in financial
boundaries, retarding industrial development. Therefore, the GoSL should strengthen the services
available from existing facilities equipped with such advanced technologies across disciplines and
establish an incentivised price range for quality testing that is within reach for the industry,
particularly for startups(NASTEC, 2023). Another dominant factor related to the development of the
nutraceutical industry is the availability of internationally approved in vitro and in vivo research
evidence related to the products. This mainly applies to efficacy, safety, and effectiveness—
toxicology studies and clinical trials. For example, when introducing new products to international
markets in the USA, Japan, China, and the EU, the products should adhere to the efficacy and
toxicological regulations implemented by their local authorities and provide clinical trial and
toxicological testing evidence of the product to enable market penetration (Komala et al., 2023; Patel,
Dufour, & Domigan, 2008). Establishing a link between academia, industry, research institutes, and
government agencies within the national ecosystem that can be systematically extended to
international players could be a long-term strategy for developing infrastructure in this regard
(UNCTAD, 2015).

Clinical trial regulations for nutraceutical products have yet to be declared in Sri Lanka.
However, adhering to the clinical trial guidelines of the National Medicines Regulatory Agency
(NMRA) and WHO guidelines on clinical trials for herbal medicines, obtaining approval from the
clinical trial evaluation committee (CTEC), and registering with the Sri Lanka Clinical Trial Registry
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(SLCTR) or any other WHO-certified trial registry are prerequisites for conducting nutraceutical
clinical trials in Sri Lanka. Adopting this procedure ensures research transparency while promoting
international study (P. Perera, Jhalani, Kim, & Grant, 2021).

PPP joint ventures are among the best ways to sustain funding for research on establishing safety
profiles in the chain of product development. Leading local research universities such as the
University of Colombo (UOC) and the University of Sri Jayewardenepura (USJP) have adopted such
a strategy for a number of projects (W. A. S. S. Weerakoon, Perera, Samarasinghe, Gunasekera, &
Suresh, 2020). This mode should be extended to harness its maximum capacity with global
partnerships(de Vrueh & Crommelin, 2017; Tilburt & Kaptchuk, 2008).

Addressing regulatory gaps in the efficacy and safety profiles of nutraceutical products through
a series of proactive research projects by dedicated institutions is a fundamental need for sector
advancements, but such research is very limited in Sri Lanka. According to a review by the WHO on
health research related to traditional medicine, the government has taken some initiatives to establish
public research facilities such as the ITI and Bandaranaike Memorial Ayurveda Research Institute
(BMARI)(WHO, 2021). Although BMARI was established as a cutting-edge research facility for
studies related to herbal medicine, the full potential of this institution is highly questionable. Despite
the availability of instrumentation and regulation standards, skilled human resources are
scarce(WIckramarathne, Sudasinghe, Wanigasekara, Perera, & Ranasinghe, 2020). The ITI initiated a
postgraduate research programme to develop human capital in herbal research (ITI, 2015), and the
NSF has supported projects in research by offering training scholarships. However, the
postpandemic economic crisis impacted the continuation of these programmes (NSF, 2023).

ITT is growing as a quality testing and research laboratory facility that, to some extent, resolves
the problems encountered by the local nutraceutical industry. The ITI has successfully developed a
number of nutraceutical products, which sheds some light on the darkness of the R&D sector of
nutraceuticals in Sri Lanka (Ranasinghe et al., 2017). However, it remains unclear whether the
services provided by ITIs are priced in a way that makes them accessible to all segments of the
nutraceutical industry.

Taken together, these factors strongly suggest that a system be established to sustain funding
through other sources as opposed to depending solely on state funds. As a result, research funding
institutions in Sri Lanka may establish joint mechanisms to obtain funds from potential overseas
partners (D. Weerakoon & Perera, 2014). The ability of countries in the sector to produce high-quality
nutraceutical products for the global competitive market is highly perceived (Kamal & Dir, 2015;
MIDA, 2020).

Conclusion and Implications:

The global demand for nutraceuticals made from natural bioresources has increased because of
consumer concerns about social and environmental sustainability. However, inadequate research
adhering to the gold standard in nutraceutical manufacturing processes has impeded the overall
growth of the industry in Sri Lanka. Phytochemically monitored agricultural systems, postharvest
technologies, internationally recognised in vitro and in vivo research practices, human resource
capacity development, and modernising laboratories with cutting-edge technologies are all strongly
recommended by the TR for policy-level recognition. In addition, our perspective on the literature
overview concludes that capital funding for start-ups, extending cooperation beyond borders, a well-
established institutional framework, legal provisions, and a national policy brokering mechanism in
general can all enhance the overall performance of the sector.

The findings of this perceptive work are within the scope of producing evidence for research-
based industry development, but future work needs to focus more on how this gathered evidence
could be utilised at the country’s decision-makers' level since it is not straightforward (Kano,
Hayashi, & Policy, 2021).

Limitations: This paper adopted a narrative review technique that has inherent limitations in terms of
objectivity, completeness of the literature search, and interpretation of findings. In addition, the subject of this
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work is evolving rapidly in the global arena, and this paper may not fully draw a conclusion at this stage.
However, this paper aims to write a perspective on the TR while scrutinising its findings at the science-policy
interface that would facilitate some scholarly dialogue in the pursuit of knowledge generation (Green, Johnson,
& Adams, 2006).
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