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Food safety is a shared responsibility of all actors along the food supply chain. Changes in the primary produc-
tion system can affect food safety hazards along the supply chain. This highlights the need for a framework that
enables primary producers (i.e., farmers) to assess the potential food safety hazards and, if needed, to apply

HACCP . control measures. This paper presents a generic food safety assessment (GFSA) framework that has been devel-
ix:lt;ir;mppmg oped based on Hazard Analysis and Critical Control Point (HACCP). The proposed framework was applied to a

case study, i.e., the transition from sole cropping of oats to intercropping of oats with lupins. The application of
the GFSA framework enabled the evaluation of potential changes in food safety hazards from this transition
and the establishment of appropriate control measures. In addition, GFSA users can employ the results to sup-
port decision-making process. Our case study showed that implementing GFSA can be challenging for small-
holder or individual farmers and may need coordinated action. Finally, effective and transparent
communication is critical for managing food safety along the food supply chain, including when changes are

Primary production

implemented in primary production.

Current food production systems are challenged by climate change
and biodiversity loss; both hamper access of many populations to safe
and nutritious food (FAO, 2021; Muluneh, 2021). A transition towards
a more sustainable food production system is therefore urgently
needed to feed the world’s growing population (FAO, 2021). The Euro-
pean Union (EU) through its European Green Deal has laid down Farm
to Fork strategy, a set of policy initiatives to achieve a healthy and sus-
tainable food production system (European Commission, 2023). Both
the EU Farm to Fork strategy and the General Food Law (Regulation
(EC) No 178/2002) require the responsibility of every stakeholder
along the food supply chain to guarantee that food is safe for consump-
tion (European Commission, 2002). Therefore, it is necessary to assess
the impacts on food safety when introducing a change at any point of
the supply chain.

Certain food safety hazards may either be introduced, increased,
decreased, or eliminated due to new or altered conditions during produc-
tion. For example, the transition from conventional to organic farming
may lower the concentration of pesticide residues; on the other hand, it

may increase the risk of microbiological contamination from the use of
animal manure (Ferelli & Micallef, 2019; Garcia & Teixeira, 2017).
Although postharvest treatments and further food processing may
decrease or eliminate these hazards, it is also important that farmers
are aware of their obligation to ensure the safety of the raw materials they
produce. The abovementioned example emphasizes the importance of
assessing food safety hazards prior to implementing changes in the pri-
mary production system. This type of assessment is included in the com-
mon food safety management system (FSMS) in food processing, such as
Hazard Analysis and Critical Control Points (HACCP) as food processors
are required to review and update their HACCP plan following changes
in the production process that may affect food safety hazards (e.g., new
product, ingredient or equipment) (Codex Alimentarius, 2022). Mean-
while, FSMS at primary production, such as Good Agricultural Practices
(GAP) and Good Hygiene Practice (GHP), is rather static and does not
incorporate such an assessment (FAO, 2016).

The EU-funded Horizon 2020 project CROPDIVA helps to achieve
the EU Green Deal goals by promoting underutilized crops in various
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cropping systems to create new value chains (CROPDIVA, 2023).
Included in the proposal is to design a dynamic FSMS at farm level that
enables farmers to identify, evaluate, and control hazards resulting
from changes in their production system. The basis of this GFSA frame-
work is HACCP, a systematic approach used in the food industry to
evaluate and control food safety hazards. The essence of this approach,
namely analysis and control of hazards throughout all processing
steps, can be extended to the primary production to increase the assur-
ance of safe food production (Codex Alimentarius, 2022; Gil et al.,
2015). Considering limited resources at farm level (e.g., time, man-
power, knowledge), the ideal approach would be simple and straight-
forward, but structured and able to capture any potential hazards that
may emerge, be increased, decreased, or eliminated. As primary pro-
duction systems vary greatly, the framework should be generic, to be
easily used and applied by farmers in various production systems.

This study aimed (1) to design a generic food safety assessment
framework based on HACCP principles to evaluate food safety hazards
arising from any changes at the primary production band (2) to apply
the designed framework in a case study, i.e., from growing oat as a sole
crop to intercropping of oats with lupins.

Methodology

Designing Generic Food Safety Assessment (GFSA) framework for primary
production

The GFSA framework was developed based on HACCP, a systematic
approach commonly applied by the food industry to evaluate and con-
trol food safety hazards (i.e., biological, chemical, physical hazards,
and allergens) that could threaten the production of safe food
(Codex Alimentarius, 2022). In essence, the HACCP approach focuses
on the analysis and control of hazards throughout the entire food pro-
cessing steps. Therefore, similar principles can be applied in other
parts of the food supply chain, including during primary production
(e.g., crop, livestock production). Based on the HACCP principles,
the GFSA was designed to identify and assess potential food safety haz-
ards due to implementing changes in the primary production and to
establish control measures thereof.

Case study GFSA: From sole cropping of oats to intercropping of oats with
lupins

To evaluate the feasibility of the designed framework, it was
applied to one case study, i.e. from sole cropping of oats to intercrop-
ping of oats with lupins. Intercropping involves growing two or multi-
ple crops simultaneously in the same field (Francis & Porter, 2017).
Although intercropping has been traditionally practiced by small-
holder farmers in many regions of the world, its application on larger
scales is still underutilized (Bybee-Finley & Ryan, 2018). In recent
years, intercropping is gaining global interest as a sustainable agricul-
tural practice (Mazzafera et al., 2021). Crops selected for intercropping
typically have different abilities to access available resources for their
growth. Legumes are often used for their ability to fix nitrogen, which
will benefit the companion and the subsequent crop, as well as the
ability to grow in marginal soils (Ayilara et al., 2022; Pueyo et al.,
2021).

Within the CROPDIVA project, combinations of cereal and legume
crop species have been investigated, including triticale with fava bean
and oats with lupins. Legume crops such as lupin and fava bean are
valued for their ability to fix nitrogen and for high-quality protein con-
tent, making them prospective alternatives for animal-based proteins
(Lucas et al., 2015). Moreover, these legumes can replace soybean in
human and animal diets, thus lowering EU’s dependency on soybean
import and contributing to the transition towards sustainable agricul-
tural production in the EU as envisioned in the EU Green Deal policy
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(Ferreira et al., 2021). Studies on changing systems from sole cropping
to intercropping mainly focused on the impacts on productivity, qual-
ity (e.g., higher yield, efficient use of resources) and environmental
impacts (e.g., increase of in-field biodiversity, suppression of weeds,
pathogens and insects) (Bybee-Finley & Ryan, 2018). Since the impacts
of intercropping on food safety aspects are not yet well studied, this
transition was selected as the case study for GFSA application.

Results
Generic Food Safety Assessment (GFSA) framework for primary production

The GFSA developed consists of five steps as depicted in Fig. 1. The
step-to-step procedure is elaborated as follows.

Step 1: Identify changes from the current to the new system.
The first step in the application of the GFSA is to identify changes that
will be implemented to an established production system. Some exam-
ples of changes in primary production are new farming location, culti-
vation of new crops/cultivar, change in plant protection products
(PPPs) and fertilizers, and change in cropping system (Table 1). To
apply step 1, all activities from pre- to postharvest treatment that occur
at farmers’ facility are described by using a process flow diagram of
which an example is presented in Fig. 2. If considered relevant,
changes in the flow of people and equipment should be included as
well. Next, change(s) needs to be identified for each activity described
in the flow diagram.

Step 2: Identify changes in potential food safety hazards. The
following step aims to identify and estimate the occurrence of any
potential food safety hazards resulting from the changes described in
step 1, including potential hazards from changes in the flow of people
and equipment. Food safety hazards are defined as any substance or
material that can potentially cause adverse effects to human health.
These hazards are commonly grouped into microbiological, physical,
and chemical hazards. Some examples of food safety hazards are food-
borne pathogens, fragments from glass, thorns or stones, plant toxins,
mycotoxins, pesticide residues, and allergens (Codex Alimentarius,
2020). A recently published FAO guideline can be used as a relevant
source to identify factors that may impact food safety at the farm level
(FAO, 2023). Moreover, users can use sources such as CODEX standard
or legislation texts to identify relevant hazards in certain products. For
example, CODEX standard for contaminants and toxins in food and
feed (Codex Alimentarius, 1995), Regulation (EC) 2073/2005 on
microbiological criteria for foodstuffs (European Commission, 2005a,
2005b), and Regulation (EC) 2023/915 on chemical contaminants
for foodstuffs (European Commission, 2023). Various factors may
affect the occurrence of the hazards and depend on a particular change
as shown in some examples in Table 1.

The likelihood of occurrence of each identified hazard in the new
system is compared to the current system. It is assumed that farmers
are aware of the potential hazards in their current production system.
For example, such an analysis is usually included in GAP. This is con-
sidered as the starting point to evaluate potential hazards in the chan-
ged situation, which can be expressed qualitatively as: new,
eliminated, decreased, or increased. A new hazard is a hazard that is
expected to occur in the new system, but not in the current system.
In contrast, an eliminated hazard is a hazard that occurs in the current
system but is not expected to occur in the new system. Likewise,
increased and decreased hazards are hazards that are expected to
occur at higher and lower levels in the new system, respectively.
New and increased hazards are considered significant hazards and pri-
oritized to receive control measures in step 3. A proper justification
should be provided for eliminated and decreased hazards that are
not considered significant and thus will not be prioritized.

Step 3: Establish control measures. A control measure is any
action to prevent, eliminate or reduce food safety hazards to an accept-
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Figure 1. Flowchart of the Generic Food Safety Assessment (GFSA) framework. Solid lines indicate flow between activities, dashed lines indicate information

flows.

Table 1

Examples of changes in primary production and possible consequences on food safety hazards (not an exhaustive list)

Changes

Possible hazard

Elaboration on sources/drivers of hazards

References

Farming location

Crop species/
cultivar

Plant protection
products
(PPP)

Fertilizers

Cropping system

Pathogens, stones,
pesticide residues, heavy
metals

Mycotoxins, plant toxins,
allergens

Pesticide residues

Pathogens

Allergen

Food safety hazards related to farming location can be associated with the historic use and
geographic location of the land. For instance, prior application of pesticides and animal manure
might lead to the presence of pesticide residues and pathogens in the soil, respectively. Soil type
might also influence the occurrence of physical hazards like stones that can be found in the crops.
The proximity to industrial areas such as wastewater facilities, mining, or waste disposal is
considered as a major source of microbial and heavy metal contamination.

Growing new crop species or cultivars entails an evaluation on food safety hazards. For example,
some crops like groundnuts and cereals are more susceptible to mycotoxin contamination.
Introducing a totally new crop may eliminate or introduce intrinsic hazards, such as plant toxins
(e.g., alkaloids in lupins, erucic acid in rapeseed) or allergens (e.g., gluten in wheat).

Change in PPP needs to be assessed as each crop has different permitted PPP and corresponding
maximum residue limits (MRLs). This evaluation is necessary to prevent the exceedance of
residue limits and the presence of illegal substances in crops.

Animal manure may carry pathogens that can transfer to soil and environment as well as to fruit
and vegetable crops. This change can pose a risk particularly for fruit and vegetables commonly
consumed raw.

Introducing intercropping with new crops that contain inherent allergens, may result in product
impurity due to cross-contact and thus increases the food safety concern.

Alengebawy et al. (2021),
FAO (2023)

European Commission
(2023)

European Commission
(2005a, 2005b)

Black et al. (2021),
Sharma and Reynnells
(2016)

Kizer et al. (2022)

able level (Codex Alimentarius, 2008). Control measures are defined
and applied for prioritized hazards identified in step 2, i.e., new haz-
ards and hazards that are expected to increase. Establishing control
measures also implies the effect of measures on the survival or persis-
tence of a hazard that is to prevent or minimize it. Control measures
are formulated for each specific hazard and at specific activities. Mul-
tiple measures can be necessary to control one single hazard (multihur-
dle approach), for example, mycotoxins control. Control measures for
mycotoxin formation can vary depending on the crops and mycotoxins
of concern. Extreme weather conditions have been associated with
higher levels of aflatoxins in maize and in this case, control measures
can include proper irrigation and selection of drought-tolerant culti-

vars (Guo et al., 2008; Herrera et al., 2023). Preharvest measures to
control Fusarium head blight caused by F. graminearum and mycotoxin
formation (e.g., deoxynivalenol and zearalenone) in wheat include the
use of disease-tolerant varieties, avoiding wheat after maize in crop
rotation, tillage of previous crops residues, use of biological, or chem-
ical control (Drakopoulos et al., 2020; Torres et al., 2019). Predictive
modelling may assist decision-making for farmers in mycotoxins con-
trol, for example regarding fungicide application and harvest timing
(Liu et al., 2018). Favorable conditions for postharvest mycotoxin for-
mation such as high temperature and high relative humidity should be
avoided at all times (Sarmast et al., 2021). Here, control measures
include proper cleaning, removal of contaminated crops and maintain-
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Figure 2. Process flow diagram of step 1 in the GSFA illustrating changes from sole cropping of oats to intercropping of oats with lupins.

ing a stable storage environment to inhibit fungal growth. Further-
more, multiple hazards can also be controlled by one control measure,
for examples control measures in postharvest stage as shown in
Table 2.

Step 4: Implement the changes and apply control measures. At
this point, the GFSA user has a thorough understanding on the food
safety risks that may arise from implementing certain changes and
their potential control measures. When potential hazards emerge or
increase due to changes, farmers must apply control measures that
may require additional resources, such as time, labor, cost, or consum-
able inputs (e.g., fertilizer, irrigation, pesticides). Combined with other
considerations, GFSA can support the decision-making process for
farmers. Subsequently, when proceeding with any management
changes during primary production that may introduce new or
increase known food safety risks, it is vital to communicate this to
all actors in the food supply chain.

Step 5: Evaluate the GFSA. After implementing the proposed
changes and control measures to manage the hazards, it is important
to verify that the system works effectively. It is also crucial that the
entire procedure (steps 1-5) is properly documented to verify that

appropriate control measures are in place to control food safety haz-
ards continuously. Control measures should be regularly monitored.
Furthermore, a corrective action plan should be established in the
event of deviation (if applicable). This evaluation will serve as a start-
ing point to facilitate improvements for the periodic evaluation (annu-
ally or after one cultivation cycle) and when introducing a change in
the production system.

Case study GFSA: From sole cropping of oats to intercropping of oats with
lupins

This case study assessed food safety hazards from sole cropping of
oats to intercropping of oats with lupins. Steps 1-3 of the GFSA frame-
work were followed and described in this paper. Steps 4 and 5 contain
results from implementing changes in the production system and can
only be explored in a follow-up study; therefore, these steps are out
of scope of this study.

Step 1: Identify changes from sole cropping of oats to inter-
cropping of oats with lupins. As shown in Fig. 2, the followings
are the identified changes occurring at the pre- and postharvest stage:

Table 2
Control measures in pre- and postharvest stages of oats and lupins grown in an intercropping system
Control measure Hazard
QAs Mycotoxins (Field) Mycotoxins (Postharvest) Allergens
Preharvest
Crop/seed selection Select low-alkaloid lupin varieties X
Select oat varieties with lower susceptibility to Fusarium species X
Use compatible lupin and oat varieties (e.g., similar maturity time) X X
Use appropriate seed proportions to prevent inter plant competition X X
Use high quality, certified seeds X
Growing Prepare descriptive plans to prevent (a)biotic stress X X
factors and incorporate them into Good Agricultural Practice (GAP)
Prepare descriptive plans on mycotoxin mitigation X
and incorporate them into GAP
Postharvest
Drying Perform timely drying step X
Separation Perform separation and cleaning X X
Storage Ensure closed packaging and clear labelling X X X
Ensure sufficient physical separation and use clear signage X X X
Perform regular allergen testing X
All postharvest steps Clean and sanitize shared facilities X X X
Perform regular inspection on each postharvest step X X X
Maintain documentation and record keeping X X X
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the selection of the crops (oats and lupins), fertilizers, and plant pro-
tection products (PPPs), simultaneous harvest, drying step, separation
of kernels, and segregated storage. The process flow diagram is pre-
sented in Fig. 2.

Step 2: Identify changes in potential food safety hazards. The
effect of changes as identified in step 1 (Fig. 2) on potential food safety
hazards were further evaluated in step 2 of the GFSA. Information was
retrieved from expert opinions and literature. The results are summa-
rized in Supplementary Materials Table S1. In this case study, four haz-
ards were identified that are affected by the changes in crop
production, i.e., quinolizidine alkaloids (QAs), mycotoxins, pesticide
residues, and allergens. Below is the evaluation of the four potential
hazards that may occur when changing from sole cropping of oats to
intercropping of oats with lupins.

Lupins can be considered as a useful addition to food/feed supply
particularly for their high protein content. On the other hand, lupins
produce quinolizidine alkaloids (QAs) — toxic secondary metabolites
acting as a defense mechanism against pest and disease (Gresta
et al.,, 2017). QAs can cause health implications in humans when
ingested in large quantities (EFSA Panel on Contaminants in the
Food Chain, 2019). At present, no harmonized maximum limit (ML)
on QAs in food is set in the EU, but Australia and New Zealand have
established an ML of 200 mg QAs/kg lupin-derived food products
(Australia New Zealand Food Authority, 2001). Some lupin species
with low alkaloid contents have been selected and domesticated for
food and feed production, for instance Lupinus albus, L. luteus, L. angus-
tifolius, and L. mutabilis, as well as different varieties within the species
(Gresta et al., 2017). The quantity and profile of QAs are influenced by
multiple factors, i.e., genotype, biotic (e.g., insects, pathogens, weeds)
and abiotic stress (e.g., salinity, flood, drought, extreme temperature)
(Rodés-Bachs & Van der Fels-Klerx, 2023). While QAs are considered a
specific hazard when growing lupins, growing oats and lupins together
poses a risk that QAs might transfer to oats during postharvest stages,
for instance, due to improper separation step, insufficient cleaning of
shared equipment, and lack of physical segregation during storage.
Therefore, QAs are considered new hazards for both lupins and oats
grown in an intercropping system.

Studies suggest that intercropping of legumes and cereals reduces
the overall fungal infection severity in the field, thus reducing the need
for fungicides (Ksiezak et al., 2023; Zhang et al., 2019). However, if
fungi infect crops and subsequently produce mycotoxins, health impli-
cation for consumers may occur. Oats are prone to contamination with
T-2 and HT-2 toxins produced by Fusarium species, while lupins are the
main host for Diaporthe toxica-producing phomopsins (Pitt, 2014;
Tarazona et al.,, 2021). Data on the effects of intercropping of oats
and lupins on mycotoxin contamination are still lacking. However,
intercropping may lessen fungal pressure on host-specific pathogens
such as Fusarium poae, F. langsethiae in oats and Colletotrichum lupini
and Diaporthe toxica in lupins as there are many nonhost plants in
the same field. Consequently, field-derived mycotoxin levels in oats
and lupins could be expected to decrease. Intercropping requires the
crops to be harvested at the same time which poses the risk that one
of the crops may not have reached optimum maturity and is harvested
with elevated moisture level. If not dried immediately after harvest,
this can lead to postharvest mycotoxin formation, such as aflatoxins
and ochratoxin A in oats (Neme & Mohammed, 2017) and phomopsin
A and ochratoxin A in lupins (Kunz et al., 2022). Additionally, impro-
per separation and lack of physical segregation during storage could
contaminate lupin products with mycotoxins from oats, and vice versa.

Studies showed that growing legumes in an intercropping system
lowered the prevalence of weeds and harmful insect species and dis-
ease (Kebede, 2017; Kumawat et al., 2022) and reduced fungal dis-
eases (Ksiezak et al., 2023; Zhang et al., 2019). Altogether, it can be
expected that intercropping lupins and oats will reduce pest and dis-
ease, leading to a lower amount of pesticide application and subse-
quently lower pesticide residue levels in crops. If intercropping is
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considered, legal requirements for the use of pesticides in crops should
be assessed as each crop has permitted pesticides and their maximum
residue limits (MRLs) (European Commission, 2005a, 2005b). In the
case of pesticides that are only authorized for oats but not for lupins,
and vice versa, these pesticides should not be used in an intercropping
system to avoid the risk of illegal substances being present in the crops.

Growing lupins in an intercropping system has many benefits as
elaborated above. However, lupins contain lupin allergens, which
can be transferred to the accompanying crop during harvest and
postharvest treatment. The ingestion of food containing allergen can
trigger mild to severe allergic reactions in people with food allergy;
therefore, allergens must be labelled sufficiently to prevent adverse
health impacts (Codex Alimentarius, 2020). All actors in the food pro-
duction chain using the accompanying crop grown together with
lupins need to be informed of this practice so they can correctly label
their product. Lupin allergen is, therefore, considered a new hazard for
oats and lupins grown in an intercropping system. Oats are currently
included as cereals containing gluten given the oats supply chain that
are commonly produced and processed in the same facilities as other
cereals containing gluten (European Commission, 2011). However,
oats in itself do not contain gluten, but avenin and as such are gaining
an interest as an alternative product for gluten-free diet (FAO and
WHO, 2022). In the intercropping of oats and lupins, gluten is, thus,
not considered a hazard that can be present in lupins.

Step 3: Establish control measures. Control measures were for-
mulated to mitigate prioritized hazards, i.e., QAs, lupin allergens,
and mycotoxins (field and postharvest). QAs and lupin allergens were
new hazards for oats and lupins. Field mycotoxins are expected to
decrease in crops grown in an intercropping system. However, as
empirical data are limited and mycotoxins are highly toxic and diffi-
cult to remove once present in crops, it is therefore crucial to minimize
their levels at the primary production stage. Examples of control mea-
sures in pre- and postharvest stages for the given case are summarized
in Table 2.

At the preharvest stage, several measures are aimed at minimizing
the formation of QAs and mycotoxins. An important measure is to start
with selecting oat cultivars that are resistant or less susceptible to
Fusarium species (if available) and lupin cultivars that produce low
amounts of QAs. Moreover, it is also crucial to select compatible culti-
vars to grow in an intercropping system, for instance similar climate
requirements and maturity time and less competition. Selecting crop
cultivars that have similar maturity time can be beneficial in prevent-
ing postharvest mycotoxins. Furthermore, using appropriate seed pro-
portions can prevent inter-plant competition, which might trigger QAs
and mycotoxin production.

Next, it is also recommended to use good quality seeds that have
low or are free of fungal infection. Fusarium species are common in
small-grain cereals like wheat and oats; if the fungi survive in the soil
and/or splash onto the plant during wet conditions, they can affect
plant health and produce mycotoxins (Janssen et al., 2019). Likewise,
phomopsin-producing fungi can survive in seeds (EFSA Panel on
Contaminants in the Food Chain, 2012). Finally, both QA formation
in lupin and mycotoxin formation are influenced by various biotic
and abiotic stress factors in the field. Descriptive plans to mitigate
these stress factors can be prepared and incorporated to GAP.

Postharvest measures mainly aim to prevent postharvest mycotox-
ins and the transfer of hazards between crops. The most critical point
for mycotoxins accumulation is the drying step, which is already a
widely accepted postharvest mycotoxin control measure. Next, the
separation step is crucial to achieve product purity and to avoid unin-
tended lupin allergens in oats. Care must be taken when separating the
two crops to prevent that lupin seeds get broken and thus passing
through to the oat kernels. A similar case was expected to be the cause
of an incident in the Netherlands involving the presence of undeclared
lupin allergens in rye bread whereby cultivation practice, harvesting,
sorting, and cleaning steps were among the possible causes of the unin-
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tended lupin allergen (Verheijen et al., 2021). Even though allergen
testing can be used to accurately determine the presence of uninten-
tional allergens, this measure involves additional costs. Moreover, in
this case, a precautionary allergen labelling (PAL) (e.g., “may contain
traces of lupin”) could be considered when it is difficult to ensure the
presence of unintentional allergens; however, PAL should not be used
to compensate a poor allergen management (Codex Alimentarius,
2020).

During storage, the following measures can be implemented to pre-
vent cross-contact between crops: closed packaging must be ensured,
clear labelling (e.g., with different colors), sufficient physical separa-
tion, and allergen warning signals in the storage area (Codex
Alimentarius, 2020). In all postharvest steps, measures are required
to prevent cross-contact: proper cleaning and sanitation of shared facil-
ities and equipment, regular monitoring (e.g., visual inspection in the
separation step, cleaning inspection, etc.). Finally, the implementation
of these control measures must be well documented and regularly eval-
uated to assess their effectiveness.

Discussion
Design of the GFSA framework

The GFSA is based on HACCP principles and adapted to render it
user-friendly and thus feasible to implement by the target users, i.e.,
the farmers. The complexity of HACCP often hinders its implementa-
tion and can easily be considered as a technical barrier, most notably
hazard analysis (de Oliveira et al., 2016; Dzwolak, 2019; Wallace
et al., 2014). In HACCP, hazard analysis is a key step in which the risk
level of each potential hazard is assessed by evaluating both the like-
lihood of occurrence and severity to human health. However, as farm-
ers are not expected to have all resources to perform a thorough
hazard analysis in great depth like in a standard HACCP plan, step 2
of GFSA was simplified into estimating the likelihood of occurrence
of a hazard in the new system compared to the current system. Mean-
while, the classification of the severity to human health was excluded
from the step 2 GFSA. The underlying assumption is that food safety
hazards may cause adverse effects on human health, especially regu-
lated hazards such as mycotoxins, pesticide residues, and bacterial
foodborne pathogens. Therefore, when a new potential hazard is iden-
tified or when the likelihood of occurrence of an existing hazard is
expected to increase, a control measure must be in place. On the one
hand, this may be seen as a limitation to this approach. On the other
hand, it makes the approach more generic and can facilitate the prac-
tical application by farmers.

To our knowledge, quantitative data on the likelihood of occur-
rence of certain hazards due to changes during primary production
are still lacking. Thus, the likelihood of occurrence of a hazard can
be expressed qualitatively as new, eliminated, decreased, or increased.
Information can be mainly obtained from literature and expert opin-
ions. Altogether, this simplified approach is considered appropriate
to pinpoint potential food safety hazards arising from changes in the
production system using available resources.

Lessons learned from the case study and possible challenges for future
applications

Results from our case study demonstrate the importance of apply-
ing a structured framework like GFSA as a dynamic and repeated pro-
cess whenever changes in the production system are implemented.
Intercropping of oats and lupins followed by postharvest treatment
in the same facility might lead to three potential hazards (QAs, myco-
toxins, and lupin allergens). Simultaneously, intercropping with
legumes benefits soil health and fertility, consequently, reduce fertil-
izer and pesticide use and may lower chemical residues in crop. Know-
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ing the significance of these hazards can help farmers to allocate their
resources to control the respective hazards. The straightforward struc-
ture of the GFSA framework is useful to identify potential hazards
which might otherwise be overlooked if no assessment is performed,
for example, unintentional lupin allergens in oats due to cross-contact.

The occurrence of hazards along pre- and postharvest stages can be
dynamic across the production stage. For example, QAs and lupin
allergens are inherent hazards in lupins; however, postharvest stages
can introduce these hazards to oats. At primary stage, it is also impor-
tant to prevent or minimize the occurrence of certain contaminants
that are difficult to remove, such as mycotoxins. In this case, prehar-
vest measures play a crucial role in reducing the risk of infection by
mycotoxin-producing fungal species. All measures must aim to prevent
or minimize hazards occurrence. Unlike in the food industry, where
desired conditions can be controlled, factors affecting field conditions
(e.g., drought, heavy rainfall, and extreme temperature conditions),
and thus the occurrence of certain hazards, cannot be controlled by
farmers. Some control measures during primary production, therefore,
depend on the field situation and farmers should determine possible
scenarios affecting hazard occurrence before applying appropriate
control measures. This is especially relevant for hazards such as plant
toxins and mycotoxins.

Transparency along the food chain is pivotal in safeguarding food
safety, as was demonstrated by a food safety incident involving an
undeclared allergen in the Netherlands that was linked to the cultiva-
tion and processing practice (Verheijen et al., 2021). This point also
substantiates the need for effective and transparent communication
between farmers and the next supply chain actors. This is also encour-
aged through the ISO 22000 food safety management (FSSC 22000,
2019). FSMS developed for food processors, such as HACCP and Brand
Reputation through Compliance Global Standard (BRCGS), require an
update to the risk assessment for raw materials, for instance when
there is a change in a raw material, its processing, supplier or when
a new risk emerges (BRCGS, 2022). The outcome of the GFSA applica-
tion can provide valuable input for this assessment for food processors
to update their food safety plan and to adjust control measures. For
instance, raw material suppliers should provide information on the
possible unintentional presence of allergens to improve transparency
along the food supply chain (Linders et al., 2023). Food processors
should also be proactive in asking for this type of information, for
example, by performing a raw materials supplier’s risk assessment
(BRCGS, 2022). By establishing effective communication, both farmers
and food processors are prepared to manage hazards, consequently
increasing food safety and quality, preventing complaints, improving
trustworthiness, and finally maintaining business sustainability
(Astill et al., 2019; Liu, 2018).

As elaborated in previous sections, applying the GFSA framework
requires knowledge on food safety hazards from both current and
future systems to fully analyze whether a hazard will be introduced
(new), increased, decreased, or eliminated. It is assumed that farmers
are aware of hazards in their current production system, and they are
already included in their GAP. However, it can be expected that haz-
ards in future systems are not known by farmers. In the presented case
study, information on potential hazards were elicited from literature
studies and expert opinions. Both sources are not easily accessible
for farmers. Making these data available is, therefore, considered a
prerequisite for a practical implementation of this GFSA framework.
Collaboration among stakeholders, such as researchers, farmers, farm-
ers’ associations/cooperatives, and food processors, is strongly encour-
aged. Furthermore, GSFA requires resources (e.g., time, people,
knowledge) from the user, making it more challenging for small-
scale farmers. As an alternative, farmers’ associations/cooperatives
could apply GFSA for their sector commodities (e.g., cereals, pulses,
fruits, and vegetables) and disseminate the knowledge to their mem-
bers. In this way, these organizations can also raise awareness to their
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members that food safety aspects should be considered when changing
their production system.

Conclusion

A generic food safety assessment (GFSA) framework has been
developed to help farmers evaluate and control food safety hazards
resulting from changes in their production system. The overall goal
is to raise awareness that decisions made by farmers could have a sig-
nificant impact on food safety on the whole food supply chain, either
positive or negative. Applying the GFSA is a dynamic process that is
carried out before any changes are implemented in the primary pro-
duction system. In this sense, farmers can use the GFSA as part of their
decision-making process. Effective and transparent communication is
crucial for managing food safety hazards along the food supply chain,
including when changes are made at the farm level.

Our case study showed that there is a lack of quantitative data on food
safety hazards associated with certain changes in the primary production,
like in crops grown in an intercropping system. Collaboration among all
stakeholders along the food chain is, therefore, strongly advised to pro-
vide these data as a prerequisite for the future application of GFSA. Fur-
ther studies are recommended to assess the robustness of the framework,
for instance by applying GFSA to other case studies and through imple-
mentation by farmers. Having a real implementation by farmers is useful
to obtain a comprehensive evaluation of the framework.
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