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ABSTRACT

Defined as a scientifically structured progression of determining the probability and severity of a hazard, risk
assessment is a key instrument in mitigating deficits associated with areas of mathematical uncertainties. To
avoid having a distorted perspective of the reality that arises from nonscientific risk reporting, agricultural
research has to identify, analyze, and develop research-cognizant extenuation mechanisms to the unending
risks. In rational risk mitigation, quantitative assessment fundamentally underpins the other two components
of Risk Analysis; i.e. Risk Management and Communication. Although in rudimentary mode, risk analysis has
been principally applied to financial and to insignificant extents in technological risks to address catastrophic
chemical hazards. Specifically, most food and feed for livestock-derived food products contain high levels of
chemical hazards which alone constitute aflatoxicosis among other biochemical risks. The resolve of this review,
therefore, is to highlight the role of scientific risk analysis in the identification of prime intervention targets
for the most proficient resolutions to agricultural research problems based on the aflatoxicosis risk as a case
study. To deliver on this objective, 30 published papers attempting to address aflatoxicosis and the related
chemical hazard related risks were reviewed from 1990 to date. Based on the literature, it was inferred that
only the scientific quantitative risk assessment tools presented efficient mechanisms for problem identification
through fault tree analysis and hence targeted the most effective critical control points to guide research
interventions. In addition, it is also evident that agricultural scientists have to use findings of both predictive
modeling and quantitative risk management to determine whether a research product will be safely acceptable
for consumption based on Hazard Analysis Critical Control Points. Therefore, besides basing on nonscientific
subjective reports, agricultural research managers must have quantitative information validated by scientifically
collected data, to guide the targeting of the most suitable logic gates on the fault tree problem matrices to avoid
distortion of the reality.
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Introduction

Despite the significant increases in crop and forage feed yields

Specifically, 25% of the hepatocellular carcinogen-related deaths are
attributed to chronic aflatoxicosis which is attributed to poor post-
harvest handling of agricultural products and livestock feeds [3,4].

brought about by the Green Revolution, over a billion people still suf-
fer from malnutrition, and over two billion become ill every year as a
result of dietary-related risks [1,2]. This is ascribed to the risks that go
unrecognized and the subjectivity of risk reporting, which originate
with agricultural research and end with food consumption [2]. As a
consequence, millions more die from diseases that emerge from ir-
rational chemical use among other inadequate postharvest practices.

However, the few attempts made to communicate the associated risks
are an account of the largely subjective qualitative hazard reports
with restricted scientific justification [5]. Defined as the probability of
exposure of an individual to a hazard and the likely ingestion of a toxic
dose of a hazard, scientific risk assessment is the only instrument that
can provide input for the selected risk impact models [6].
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On the other hand, Risk characterization, a component of assess-
ment necessitates evaluation of the probability that a certain research
project will suffer antithetical effects as a result of the hazard [2]. Risk
characterization therefore should represent the final stage of aflatox-
in risk assessment, to estimate both the probability (infectious dis-
ease triangle dependent) and the severity due to aflatoxicosis. In the
scientific sphere, quantitative Risk Assessment is one of three compo-
nents of Risk Analysis before Risk Management and Risk Communi-
cation yet at present, risk analysis is subjectively applied to financial
and a very small extent to environmental risks. Therefore it must be
empirically well recognized that the four major elements of risk as-
sessment must be applied to constitute a logical and sequential path-
way of hazard identification, and characterization before addressing
the biochemical and related hazards among Agricultural research
products [5].

The Statistics of Risk Analysis

The objective of quantitative risk characterization from a statisti-
cal perspective is to determine the contribution of each logical step in
a specific food pathway to the risk level, as well as the confidence in-
tervals associated with the risk estimates. This can be done effectively
thanks to sensitivity analyses, which are used in simulation modeling
tools like Monte Carlo analysis. Because of the inherent variability in
biological systems, food processing technologies, food preparation
methods, and human behavior, as well as the uncertainty resulting
from incomplete information, caution must be taken when interpret-
ing the results of such analyses [2]. Project directors therefore can
objectively weigh various risk management options and assess the
impact of various mitigation strategies (agricultural research inter-
ventions) by using risk characterization and assessment tools [2]. As
was previously mentioned, risk characterizations should include an
assessment of the likely severity of a hazard in addition to determin-
ing the likelihood that it will negatively affect the technology end us-
ers. In fact, all likely impacts that might be connected to that specific
event as decomposed by the fault tree analysis must be considered
when evaluating all research treatment effects resulting from the uti-
lization of agricultural products beyond the recommended levels of
the aflatoxin. However, such associated impacts are closely related to
well-thought-out choices that can only be made during scientific risk
analysis and management.

Justification for Aflatoxin Case Study

The development of liver cancer is the health effect for which
chronic aflatoxin consumption is most strongly associated. Aflatoxin
is testified to be the cause of over 25% of the over 0.6 million new cas-
es of liver cancer that are reported each year worldwide [7]. Further-
more, according to multiple authors, over 85% of children in African
nations have detectable levels of urinary aflatoxins or serum AF-alb
[8-10]. In addition, several studies have also reported to have found
aflatoxin B1 and its metabolite aflatoxin M1 in excreted breast milk

samples which poses an extended risk to the infants [9]. Also more
challenging, several studies demonstrate correlations between afla-
toxicosis and stillbirths, liver cirrhosis, and immunosuppression [10].
On that background, this review sought to prompt research project
managers of the importance of researchers integrating risk assess-
ment instruments for increased efficacy and efficiency, as the goal of
risk assessment is to provide a mathematical estimate of the impacts
of a hazard alongside the probabilities of their occurrence. This im-
plies that, besides having qualitative reports, agricultural research
managers must have quantitative information derived from scientif-
ically collected data, to guide the targeting of the most suitable logic
gates on the fault tree matrices.

Aflatoxin Hazard and Food Security from the Uganda Agri-
cultural Research Perspective

In 1992, due to serious concerns about nationwide hunger due to
emerging pests and diseases that threatened the country’s strategic
crops, the National Agricultural Research Organization (NARO) was
formed and has had great success in carrying out agricultural re-
search for developing communities. As a consequence, NARO is rated
as one of the best Agricultural research institutes on the African con-
tinent. Whereas minimizing food production risks (pests and diseas-
es) was the principal goal for its establishment, food safety concerns
have emerged risking rejection of our products on the international
market. Consequently, detailed risk analysis of the genesis of the afla-
toxin as a biological hazard warrants evaluation for the organization
to establish the basic events using tested tools like the Fault tree and
expected monetary value. Largely, fungal toxins, inappropriate use of
chemicals and antibiotics, role in climate change, disease consequenc-
es, and health effects of altered agricultural ecosystems are a few cru-
cial health issues related to agriculture that call for evidence-based
interventions [2].

This paper emphasizes how scientific risk assessment in agricul-
tural research can lower health risks in low-income consumers and
boost opportunities for farmers’ market access as a consequence of
aflatoxin hazard mitigation. This case study thus was designated to
demonstrate how risk-based research and innovative risk-mitigating
technologies can support and augment upcoming research on afla-
toxins and beyond [5]. In food aflatoxicology, the risk is represented
by the occurrence of aflatoxins in food, their multiplication, and/or
production of aflatoxicosis clinical signs [11]. However, NARO already
started small-scale research related to food safety on both commer-
cial and staple crops that resist pests so that farmers can reduce de-
pendence on expensive, environmentally unfriendly, and potentially
hazardous inputs. Whereas aflatoxin research has dominated safety
concerns, there is a need for expansion of risk assessment and pri-
oritization activities alongside substantial programs on the safety of
perishables, zoonotic diseases, occupational hazards, and toxin-asso-
ciated threats [12].
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Risk-Based Approach to the Identification of Research
Problems (Fault Tree Analysis)

Agricultural research and production risks are a function of ge-
netics, environmental interaction, and the social setting of the farming
communities. This implies that these parameters naturally interact
to yield synergistic statistical risk impacts [11]. By now, quantitative
risk analysis is widely recognized as the principal process for evalu-
ating concerns related to agricultural research, production, and food
safety [2]. Whereas other research institutes elsewhere in the world

l Aflatoxicosis ‘

Chronic Aflatoxicosis ‘

have attempted to conduct several risk assessments and hence risk
management studies, no similar approaches have been reported in
evolving programs [5]. As a consequence, developing methods for ap-
plying risk assessment to the research data and resource-poor infor-
mal value chains in the developing risky farming communities is in its
infancy [2]. So, risk can only be controlled if the hazard severity and
likelihood can be quantified to assess the impact if no control mea-
sures are put in place. Therefore, risk assessment recruits must be
furnished with an acquaintance with both qualitative and quantita-
tive tools to ably mitigate the associated hazard impacts.
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Figure 1.

What cannot be measured cannot be assessed and managed, risk
identification, ranking, and prioritizing leads to efficient direction of
research resources for problem-solving [13]. In terms of global dis-
ease burden, acute aflatoxicosis causes hundreds of deaths per year
and chronic aflatoxicosis causes around 90,000 deaths a year from
liver cancer so, rankings of the aflatoxicosis-associated risks classi-
fy this hazard as catastrophic. However, a better understanding and
quantification of the hazard impacts of aflatoxicosis is the only instru-
ment that can generate quantifiable critical control points as exempli-
fied in the figure below in the fault tree analysis. The Figure 1 above

illustrates how a fault tree can be scientifically applied to decompose
the aflatoxicosis risk from the broad problem to the basic events in-
dicated by the logic gates. In principle, research interventions must
target the nearest AND logic gate to the hazard for maximum resource
utilization efficiency. Targeting the OR logic gate implies having more
research interventions to tackle all the possible hazards roots which
implies more resources invested to solve the same problem. There-
fore, commonsensical management which focuses on controlling the
level of aflatoxin hazards cannot economically mitigate the impact of
aflatoxicosis-related risks without the logic gate technique.
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Determining the Basic Event for the Aflatoxin-Related
Hazard Using Fault Tree Analysis

The probabilities and severity of aflatoxins demonstrate the chal-
lenges in ascribing relationships. Specifically, this can best be appre-
ciated after carefully constructing the problem tree right from the
leaves to the roots (basic event). Epidemiologically, if two disease-as-
sociated factors are strongly and consistently associated it can be an-
ticipated that either one factor causes or a confounding factor causes
both factors. In such associations, the logic gate-based fault tree anal-
ysis comes to the rescue as it scientifically decomposes the risk into
its constituents to the basic event. However, since correlation does
not infer causation, scientific disciplines like epidemiology, patholo-
gy, and agronomy have to complement the fault tree analysis to un-
derstand whether the association is causal or due to baffling events.
Moreover, there is also a very wide species variation in susceptibility
to aflatoxins. Furthermore, since aflatoxicosis impacts differently on
weight gain across species, animal research risk analysts may need to
conduct independent studies which is challenging for human-related
subjects [14].

Interestingly, though most studies on aflatoxin and stunting have
been cross-sectional, some studies have shown temporal relation-
ships but with little to no scientific explanations [8]. Finally, based
on research data and statistics probability theories complement the
other disciplines to scientifically determine the associated risks. Con-
sequently, research risk managers need to look for biological plausi-
bility as suggested by laboratory and animal studies which imply the
complementarity between risk analysis and technology development.
So, with human subjects where multiple restrictions come into play
thorough risk analysis based on proven statistical tools must guide
the problem statement for rational identification of the critical con-
trol points.

The Need for Practicability of Risk Analysis in Agricultural
Research

Developing agricultural research systems have diverse, non-lin-
ear, shifting, and data-scarce structures. To achieve the government’s
strategic goal of Agro-industrialization which is typically hinged
around expansively mechanized and standardized factory production
schemes, risk minimization has to complement profit optimization
[2]. This is attributed to aflatoxin and other residual chemical haz-
ards that have largely led to the rejection of food products on foreign
markets as a consequence of the limited application of scientific risk
analysis tools to control the chemical hazards [4]. Therefore, where
subjective risk analysis particularly, in agricultural research and hu-
man resource-related dimensions has been heavily inclined toward
damage control, the undeveloped events always incubate into more
catastrophic risks [5]. It therefore should come as no surprise that ag-
ricultural research risk-based approaches have had no impact apart
from complicating activity implementation. Therefore, the case study

discussed in this paper lends credence to the idea that risk-based
strategies could be an effective means of resolving issues with agricul-
tural research efficiency, production as well as food safety in unsanc-
tioned markets. Scientific risk management strategies consequently
will require testing, modification, and adoption of research outputs in
accordance with risk management.

Severity and Incidence of Agricultural Risks and Undevel-
oped Events

In agricultural research, the undeveloped events constitute the
unstated research problem which warrants logic gate-based fault tree
analysis before developing the research methodology. Agricultural
production on the other hand, current yields for rain-fed agriculture
and even less for irrigated agriculture only account for 20-33% of po-
tential yields for maize, millet, rice, and sorghum [2,13]. This is partly
attributed to a lack of high-quality, vigorous, disease-free, drought-re-
sistant, and high-yielding seeds/ planting materials. This implies that
the risks associated with the undeveloped events (hazards severity
and probability) need to be fully analyzed to identify the basic events
through the logic gate-based fault tree analysis if that problem is to
be effectively and efficiently addressed. Similarly, in addition to the
roughly 30% of commercial seeds sold in Uganda that do not sprout,
Transparency International reports that sales of inorganic fertilizer,
herbicide, and counterfeit maize cause Ugandan farmers to lose up to
USD 22.4 million per year [10].

For Ugandan farmers, this ultimately results in low yields and
large losses to complement other undeveloped events. As a result, the
overall impact of the input risk may exceed the previously mentioned
amounts which cannot be controlled if they cannot be identified and
measured. Therefore the resultant yield gap can only be addressed
by researching developing events thorough scientific analysis of the
problem in terms of severity and incidence using appropriate risk
analysis instruments. Besides genetics and physical environmental
interaction, between 10% and 15% of the national agrochemicals
valued at U$ 6 million are estimated to be counterfeit according to
ASARECA. The hazard occurs more frequently and has a higher likeli-
hood for farmers who purchase improved inputs, constituting a major
risk. Specifically, between 3% and 4.5% of farmers are impacted by
the risk annually overall as reported by the Bill and Melinda Gates
Foundation, (2015). Therefore certain risks that involve technology
adopters as compared to non-adopters can only be scientifically ana-
lyzed using mathematical theories of conditional probability.

Conclusion

In conclusion, when using aflatoxin hazard analysis risk predic-
tive modeling, the food industry and the research projects develop
dissimilar goals. The use of HACCP as a qualitative system for risk
management is the only economically viable tool for increased secu-
rity of research products by both fundamental and adaptive research
institutes. Aflaotocxicological quantitative risk assessment has to be
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utilized by agricultural research agencies to measure the risk associ-
ated with specific food and feed items. Risk quantification increases
when quantitative risk assessment studies are connected to nation-

al goals. Ultimately, it is evident that agricultural research institutes

have to use findings of both predictive modeling and quantitative risk
management to determine whether a product will be safe to eat when

implementing HACCP.

References

1.

Grace D, Nasinyama GW, Randolph TF Mwiine F, Kang'ethe EK, et al.
(2008) City dairying in Kampala: integrating benefits and harms.

Grace D, Makita K, Ethe EKK, Bonfoh B (2010) Safe Food, Fair Food: Par-
ticipatory Risk Analysis for improving the safety of informally produced
and marketed food in sub-Saharan Africa. Rev Africaine Sante Prod Anim
8(S): 3-11.

CAST. No TCAST Report (2003) Mycotoxins: risks in plant, animal, and
human systems. In: Richard, | L and Payne, G A (Eds.)., Council for Agri-
cultural Science and Technology Task Force report No. 139, Ames, lowa,
USA. itle.

Geofrey N, Kigozi AR, Turyagyenda L, Mugerwa S (2022) The Role of Ben-
tonite Clays in Aflatoxin-Decontamination, Assimilation and Metabolism
in Commercial Poultry 43(3): 34649-34658.

Giaccone V, Ferri M (2005) Microbiological quantitative risk assessment
and food safety: An update. Vet Res Commun 29(SUPPL. 2): 101-106.

Delia Grace, Esther Schelling, Bassirou Bonfoh (2007) Place of Food Safety

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.57.009023

Nviiri Geofrey. Biomed ] Sci & Tech Res

@ @ This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

10.

11.

12.

13.

14.

BIOMEDICAL

RESEARCHES °

oﬁ A ® .
) @03 R
[ T

ISSN: 2574-1241

in Evolving Pro-Poor Dairy Policy in East and West Africa. Revue d’élevage
et de médecine vétérinaire des pays tropicaux. Rev d’élevage médecine
vétérinaire des pays Trop 60: 2007.

Liu, Y, Wu F (2010) Global burden of aflatoxin-induced hepatocellular car-
cinoma: a risk assessment. Environmental Health Perspectives 118(6):
818-824.

Gong YY, Cardwell K, Hounsa A, Egal S, Turner PC, et al. (2002) Dietary
aflatoxin exposure and impaired growth in young children from Benin and
Togo: cross-sectional study. Br Med Journal 325(7354): 20-21.

Polychronaki N, Wild CP, Mykkdnen H, Amra H, Abdel-Wahhab, et al.
(2008) Urinary biomarkers of aflatoxin exposure in young children from
Egypt and Guinea. Food Chem Toxicol 46(2): 519-526.

Turner PC, Collinson AC, Cheung YB, Gong Y, Hall AJ, et al. (2007) Aflatoxin
exposure in utero causes growth faltering in Gambian infants. Int ] Epide-
miol 36(5): 1119-1125.

Vose D (1998) The application of quantitative risk assessment to microbi-
al food safety. ] Food Prot 61(5): 640-648.

A4NH (2014) Annual Report 2013. Washington DC: IFPRI. Abdulrazzaq,
Y. M., Osman, N., & Ibrahim A (2002). Fatal exposure to aflatoxins in the
United Arab Emirates. Annals of Tropical Paediatrics: International Child
Health 22: 2014.

(1999) FAO Food and Nutrition Paper 65, Rome FAO/WHO 1999. Risk
Assessment of Microbiological Hazard in Foods. Report of the Joint FAO/
WHO Expert Consultation, Geneva, Switzerland, 15-. Published online.

Khlangwiset P, Shephard G, S Wu F (2011) Aflatoxins and growth impair-
ment: a review. Critical Reviews in Toxicology 41(9): 740-755.

Assets of Publishing with us

Global archiving of articles
Immediate, unrestricted online access

® Rigorous Peer Review Process
L
TI$ .

e Authors Retain Copyrights
Unique DOI for all articles

https://biomedres.us/

Copyright@ : Nviiri Geofrey | Biomed ] Sci & Tech Res |

BJSTR.MS.ID.009023.

49433


https://dx.doi.org/10.26717/BJSTR.2024.57.009023
https://www.researchgate.net/publication/202250124_City_dairying_in_Kampala_Integrating_benefits_and_harms
https://www.researchgate.net/publication/202250124_City_dairying_in_Kampala_Integrating_benefits_and_harms
https://www.researchgate.net/publication/234073830_Safe_Food_Fair_Food_Participatory_Risk_Analysis_forimproving_the_safety_of_informally_produced_andmarketed_food_in_sub_Saharan_Africa
https://www.researchgate.net/publication/234073830_Safe_Food_Fair_Food_Participatory_Risk_Analysis_forimproving_the_safety_of_informally_produced_andmarketed_food_in_sub_Saharan_Africa
https://www.researchgate.net/publication/234073830_Safe_Food_Fair_Food_Participatory_Risk_Analysis_forimproving_the_safety_of_informally_produced_andmarketed_food_in_sub_Saharan_Africa
https://www.researchgate.net/publication/234073830_Safe_Food_Fair_Food_Participatory_Risk_Analysis_forimproving_the_safety_of_informally_produced_andmarketed_food_in_sub_Saharan_Africa
https://ideas.repec.org/a/abf/journl/v43y2022i3p34649-34658.html
https://ideas.repec.org/a/abf/journl/v43y2022i3p34649-34658.html
https://ideas.repec.org/a/abf/journl/v43y2022i3p34649-34658.html
https://www.researchgate.net/publication/7521571_Microbiological_Quantitative_Risk_Assessment_and_Food_Safety_An_Update
https://www.researchgate.net/publication/7521571_Microbiological_Quantitative_Risk_Assessment_and_Food_Safety_An_Update
https://pubmed.ncbi.nlm.nih.gov/20172840/
https://pubmed.ncbi.nlm.nih.gov/20172840/
https://pubmed.ncbi.nlm.nih.gov/20172840/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC116667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC116667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC116667/
https://pubmed.ncbi.nlm.nih.gov/17920747/
https://pubmed.ncbi.nlm.nih.gov/17920747/
https://pubmed.ncbi.nlm.nih.gov/17920747/
https://pubmed.ncbi.nlm.nih.gov/17576701/
https://pubmed.ncbi.nlm.nih.gov/17576701/
https://pubmed.ncbi.nlm.nih.gov/17576701/
https://pubmed.ncbi.nlm.nih.gov/9709243/
https://pubmed.ncbi.nlm.nih.gov/9709243/
https://pubmed.ncbi.nlm.nih.gov/21711088/
https://pubmed.ncbi.nlm.nih.gov/21711088/
https://dx.doi.org/10.26717/BJSTR.2024.57.009023

