
Heliyon 8 (2022) e11302
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
Allergen management under a voluntary PAL regulatory framework – A
survey of Canadian food processors

Silvia Dominguez a,*, J�er�emie Th�eolier a, Beatrice Povolo b, Jennifer Gerdts b,
Samuel Benrejeb Godefroy a

a Food Risk Analysis and Regulatory Excellence Platform (PARERA), Institute of Nutrition and Functional Foods and Department of Food Science, Universit�e Laval, Quebec,
Quebec, G1V 0A6, Canada
b Food Allergy Canada, 505 Consumers Drive, Suite 507, Toronto, Ontario, M2J 4A2, Canada
A R T I C L E I N F O

Keywords:
Food allergen management
Canada
Survey
Food manufacturers
Precautionary allergen labelling
* Corresponding author.
E-mail address: silvia.dominguez.1@ulaval.ca (S

https://doi.org/10.1016/j.heliyon.2022.e11302
Received 27 June 2022; Received in revised form 4
2405-8440/© 2022 The Author(s). Published by Els
nc-nd/4.0/).
A B S T R A C T

Canadian regulations require food business operators (FBOs) to implement preventive controls to manage aller-
gens and ensure their accurate declaration. However, the use of precautionary allergen labelling (PAL) is
voluntary and competent authorities provide limited guidance on its use. The objective of this study was to
present an overview of Canadian FBOs' current allergen management practices, including the mechanisms used to
evaluate the need for PAL in finished products, and to investigate potential areas for improvement. Canadian
FBOs were invited to answer an online survey of 48 questions covering allergen management practices and
perceptions. Eighty-four full survey responses (margin of error of 9% at a 90% confidence level) were obtained.
Differences in responses to multiple choice questions per company size were determined using chi-square and
Fisher's exact tests. Kruskal-Wallis tests were used to analyse responses to rating or forced ranking questions.
Survey respondents' allergen management practices were based on a combination of recognized best practices,
third-party quality systems' standards, and regulatory requirements. Concerning practices related to the criteria
used to reach PAL decisions were noted, which could be addressed with increased awareness and use of risk-based
approaches and a clearer regulatory policy. Analytical testing applicability and interpretation, access to infor-
mation on unintentional allergen presence in raw materials, and clarity on the expectations related to the current
regulatory framework on food allergens and its enforcement, were identified as challenges faced by Canadian
FBOs. The results of this survey and its analysis could be used by regulators – to inform potential policy changes,
by FBOs – to map industry practices, and by allergic consumers – to better understand how manufacturers manage
allergens in their operations.
1. Introduction

Food allergy affects approximately 6% of Canadians and this number
has remained stable during the last decade (Clarke et al., 2020). How-
ever, an increasing incidence of anaphylaxis cases at Canadian hospitals
was reported at the beginning of the 2010s (Hochstadter et al., 2016),
with food as the main cause (Lee et al., 2017; O'Keefe et al., 2017).
Although new therapies are under investigation, there is currently no
definitive cure for food allergy. For the long-term management of this
condition, the primary treatment for patients is strict avoidance of their
allergens. As most allergic patients consume pre-packaged foods, accu-
rate allergen information on product labels is essential for the identifi-
cation of safe food options (Blom et al., 2021). Mandatory declaration of
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allergenic ingredients is embedded in the regulatory framework of most
industrialized countries, with specific requirements for priority allergens,
in accordance with Codex Alimentarius guidelines (Gendel, 2012; Codex
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regulation was amended in 2011 to add this provision (Government of
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Operators (FBOs) that adhere to third-party quality systems (e.g.,
GFSI-endorsed systems) must comply with specific allergen management
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From the consumers’ standpoint, it is expected that FBOs accurately
declare the presence of allergens in their products when they are used as
ingredients. The difficulty lies in the growing use of Precautionary
Allergen Labelling (PAL) since the mid-1990s (Government of Canada,
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Table 1. Survey characteristics: population, sample size and margin of error.

Company size Total

“Large” “Medium” “Small”2

Number of employees �500 100–499 <100 All sizes

Population size1 55 573 5662 6279

Sample size 43 19 22 84

Margin of error (90% confidence level) 6% 21% 18% 9%

1 Statistics Canada (Government of Canada, 2021).
2 Statistics Canada's employment size categories “Micro” (1–4 employees) and

“Small” (5–99 employees) are grouped under one single category (<100 em-
ployees) in this study.
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2012b). In Canada, PAL is used on a voluntary basis by FBOs and is not
covered by a specific legislation. De facto, it is outside the jurisdiction of
regulatory authorities (Canadian Food Inspection Agency or provincial
agencies) as long as it is not in contradiction with Canadian legislation –

notably, the requirement under subsection 5(1) of the Food and Drugs
Act for information to be “truthful and not misleading” (Government of
Canada, 1985). Health Canada has outlined general recommendations
for the use of PAL on pre-packaged foods; specifically, PAL should only be
used when the presence of allergens in food is unavoidable despite all
reasonable measures, and it must not be considered a substitute for Good
Manufacturing Practices (Government of Canada, 2012b). Nevertheless,
the use of PAL under this type of framework is confusing for allergic
consumers, as it does not provide information in terms of risk of presence
of unintentional allergens (occurrence and/or quantity) (Holleman et al.,
2020). For example, as pointed out by prospective articles (Manny et al.,
2021a,b; Touma et al., 2021), in some products with PAL, there is no
detectable level of the unintentional allergen (e.g., milk in candies) while
others are frequently contaminated at levels that may pose a risk to
allergic consumers (e.g., milk in dark chocolate). As a result, some
allergic consumers may unnecessarily limit their food choices (i.e.,
strictly avoiding products with PAL for their allergens) while others take
risks that may have serious health consequences (i.e., consuming prod-
ucts with PAL for their allergens). Furthermore, the globalization of the
food supply chain introduces an heterogenicity factor; since other
countries apply different criteria for the use of PAL, products carrying the
same type of label (e.g., “May contain [specific allergen]”) may represent
varying levels of risk for allergic consumers (Fiocchi et al., 2021).

In general, the credibility of PAL is at stake and its usefulness as a tool
for food allergen management is eroded (DunnGalvin et al., 2015). The
management of food allergens and the prevention of food allergy in-
cidents is a shared responsibility among allergic consumers, FBOs and
competent authorities. However, the current lack of a regulatory
framework for the use of PAL in pre-packaged foods places FBOs at a
pivotal point, as they take on the responsibility if reported allergic re-
actions are linked to consumption of their products. Considering this, the
objectives of this article were to investigate the current allergen man-
agement practices of Canadian FBOs, including the mechanisms used to
evaluate the need for PAL in finished products, and to identify areas
where harmonization could improve the use of PAL.

2. Methodology

2.1. Survey design

An online questionnaire was designed by Food Allergy Canada (a food
allergic consumer association) with stakeholders' collaboration to
determine the Canadian food industry's food allergen management
practices. A first version of the survey was pre-tested with a small sample
(n ¼ 5) of FBOs for relevance and readability purposes. The final version
of the survey was composed of 48 questions (Appendix), divided in 6
main sections: (1) use of food allergens; (2) use of PAL; (3) allergen
management plan; (4) cleaning/sanitation; (5) allergen thresholds; and
(6) demographics. The survey was issued in both French and English, and
translations were checked to ensure accuracy. A consent was also ob-
tained individually at the beginning of each survey and was a require-
ment for continuation.

Food Allergy Canada disseminated the questionnaire to industrial
processors across Canada using a snowball strategy. An email, with a
brief message explaining the study and a link to the survey using Survey
Monkey, was sent to 5 food industry associations. They were asked to
distribute the questionnaire to their members, representing more than
1500 FBOs. Reminders were also used to reengage potential respondents.
The survey was open form June 10th, 2021 to August 31st, 2021. Ano-
nymized answers were collected by Food Allergy Canada and shared for
statistical analysis.
2

2.2. Data analysis

Statistical analysis was conducted on full survey responses only. Re-
sponses were analysed globally, and per company size (Table 1). Dif-
ferences in responses to multiple choice questions per company size were
determined using chi-square and Fisher's exact test (for contingency ta-
bles with values < 5). The non-parametric Kruskal-Wallis test, followed
by Dunn's test for post-hoc analysis, when applicable, were used to
analyse responses to rating (i.e., Likert scales) or forced ranking ques-
tions. All statistical analyses were conducted in RStudio (RStudio Team,
2019), R version 3.6.2, and figures were produced using the ggplot2
(Wickham, 2009) and likert (Bryer and Speerschneider, 2016) packages.

3. Results

3.1. Margin of error

The total population was estimated to be 6279 FBOs (Government of
Canada, 2021) (Table 1). It was assumed that all FBOs in Canada manage
allergens. The sample size of 84 full survey responses provides a margin
of error of 9% at a 90% confidence level.
3.2. Respondents’ characteristics

Most respondents represented food companies that manufacture their
own lines of products (64%) and that trade in both the domestic and
international markets (68%). The most represented manufacturing sector
was “Meat products manufacturing” (29%) (Table 2). Respondents who
selected “Other [manufacturing sector]” (32%) were prompted to specify
their manufacturing sector; most listed more than one choice. “Spices”
processors were mostly (64%) represented among small companies.
3.3. Allergen management in the Canadian food industry

This section's results are first presented as a global summary. Signif-
icant differences between large companies with small and/or medium
companies are then noted, where applicable. Full responses, as well as
the results of all pairwise comparisons, are available upon request.

3.3.1. Priority allergens use
Priority allergens were used as ingredients by 87% of respondents.

Large companies (41/43) were more likely (p ¼ 0.04) to use allergens
than small companies (16/22). Most large companies (66%) used more
than 7 and up to 12 different allergens. Most small (63%) and medium
(56%) companies used more than 1 and up to 7 different allergens.
Overall, soy (86%) and milk (82%) were the allergens most frequently
used, and crustaceans/molluscs (18%) the least (Question 2). The same
pattern was observed for medium and large companies. Among small
companies, mustard (81%) and wheat and triticale (81%) were the most
prevalent allergens.



Table 2. Number of complete survey responses per manufacturing sector and
company size.

Manufacturing sector1 Company size

“Large” “Medium” “Small”

Other 16 6 5

Meat product manufacturing 16 4 4

Fruit and vegetable preserving and specialty food
manufacturing

10 0 6

Dairy product manufacturing 11 3 1

Bakeries and tortilla manufacturing 12 1 2

Beverage manufacturing 7 4 2

Spices 4 0 9

Animal slaughtering and processing 6 3 2

Grain and oilseed milling 4 2 4

Sugar and confectionery product manufacturing 6 1 2

Seafood product preparation and packaging 6 0 2

1 Food manufacturing sectors per North American Industry Classification
System Version 3.0. “Animal food manufacturing” was excluded; “Spices” was
added. The sum (161) is larger than the total number of full responses obtained
(84) because respondents could select more than one sector.
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Overall, 67% of respondents processed finished products with PAL.
Large companies (36/43) were more likely (p < .01) to use PAL than
small companies (9/22). Soy was the most prevalent PAL allergen (68%),
followed by milk (63%), and crustaceans/molluscs (13%), the least
prevalent (Question 5). This pattern was maintained for medium and
large companies. Small companies reported gluten from sources other
than wheat (78%) and mustard (67%) as the most prevalent PAL aller-
gens. Among all respondents who produced finished products with PAL,
73% used only one type of PAL statement, predominantly (84%) “May
contain [specific allergen]” (Question 4).
Figure 1. Allergen management elements1 rated by food proces
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3.3.2. Allergen management
A defined allergen management approach was in place in 92% of the

companies surveyed. Federal competent authority guidelines (97%) and
third-party quality systems (91%) were identified as the sources most
frequently consulted. Globally, the most prevalent approach was to
integrate allergen management into other quality programs without
having a designated allergen management team (56%), followed by
having a dedicated allergen management team formed by selected em-
ployees from different departments (35%) (Question 9). Among large
companies, “Designated employees are responsible for the specific as-
pects of allergenmanagement in their work or assigned areas, but there is
no designated allergen management team”was the second most common
(45%) approach.

Companies that had a defined allergen management approach (n ¼
77) were asked to identify the elements included, and to rate them with
respect to their ease of implementation (Question 10). Overall,
“Equipment and factory design” was rated as more difficult to imple-
ment than all other elements (p < .05), except “Cleaning” and “Supply
chain” (Figure 1).

Seven respondents (4 small and 3 large companies) indicated not
having an allergen management approach; they all represented com-
panies trading in the domestic or provincial/local markets only. No
patterns were identified among the reasons for not having an allergen
management approach (Question 14).

Supplier control was included in the allergen management approach
of most companies surveyed (96%) and involved different requirements
(Figure 2).

According to 74% of respondents who applied supplier controls, their
suppliers routinely provided complete allergen ingredient information,
including any potential cross-contact information (Figure 3).

Cleaning and/or sanitation procedures addressing allergens were
applied by 79% of respondents, predominantly (81%) confirmed using
equipment/surfaces specific allergen swabs (Question 23). Equipment/
sors with respect to their ease of implementation (n ¼ 77).



Figure 2. Supplier control requirements1 (n ¼ 78).

Figure 3. Allergen information routinely received from suppliers1,2 (n ¼ 60).
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surfaces adenosine triphosphate (ATP) and/or general protein swabs
(75%) and visibly clean standards (75%) were the second most common
methods for confirming allergen cleaning/sanitation.

Overall, 86% of the companies surveyed conducted allergen testing
(either in-house or through external laboratories), predominantly for
cleaning validation (79%) and verification (67%) (Figure 4).
4

According to 87% of respondents, the analytical methods used for
allergen testing were validated for use in their specific products and
processes. A protocol for deciding the appropriate number of samples to
analyze for allergen testing was followed by 81% of these respondents.
Internal sampling protocols (90%) were more common than standard
food sampling protocols (25%).



Figure 4. Allergen testing purpose1 (n ¼ 70).
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Among companies who indicated producing finished products with
PAL (n¼ 56), 88% indicated they based the decision to use PAL on a risk
assessment process. The different criteria applied to establish the need for
PAL are presented in Figure 5.
Figure 5. Decision criteria1 related to the us
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3.3.3. Allergen thresholds
Allergen thresholds were used as part of the allergen management

approach of 48% of all the companies surveyed (n ¼ 39). Globally,
thresholds for gluten from sources other than wheat (77%) and for
e of PAL in finished products (n ¼ 56).
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sulphites (64%) were the most common (Question 31; Figure 6). Among
the tools used to quantify allergen levels (Question 35), commercially
available allergen tests (e.g., ELISA kits) were the most popular (92%).
The Voluntary Incidental Trace Allergen Labelling (VITAL) program was
used by 15% of companies who reported using allergen thresholds
(Question 35).
Figure 6. Thresholds used as part of the compan

Figure 7. Context of use of allergen thre
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Finished product testing was the most frequently (67%) reported
context of use of allergen thresholds, when considering all survey re-
spondents (Figure 7). However, large companies were significantly less
likely to apply allergen thresholds to finished products testing than small
(p < .01) and medium (p ¼ .01) companies. For large companies, the
most common uses of allergen thresholds were cleaning validation/
y's allergen management approach (n ¼ 39).

sholds per company size (n ¼ 39)1,2.



S. Dominguez et al. Heliyon 8 (2022) e11302
verification, ingredient testing, and risk assessment in response to in-
cidents (46% each).

In total, 12 respondents (9 large, 1 medium, and 2 small companies)
indicated using allergen thresholds to establish the need for PAL. They
were asked to rank seven elements considering the challenges their
company may face when using these thresholds (Question 34). The
element most frequently ranked as “least challenging” was “financial”
(46%), and the one most frequently ranked as “most challenging” was
“legal liability” (27%). Comparisons per company size were not
attempted due to the limited sample size.

Respondents who indicated not using thresholds to establish the need
for PAL (n¼ 69) were asked to rank the same elements but consider their
level of concern (Figure 8). “Legal liability” was the element most
frequently ranked as “most concerning” (30%) and “financial” as “least
concerning” (29%). Overall, “regulatory”was ranked as more concerning
(i.e., more frequently ranked at concern levels 1, 2, 3) than “financial” (p
< .001). “Financial” was ranked as significantly less concerning (i.e.,
more frequently ranked at concern levels 5, 6, 7) by large companies than
by small companies (p < .01).

All surveyed companies were asked whether they thought allergen
thresholds are or could be a useful tool when deciding whether to apply
PAL (Question 36). Seventy-seven percent of respondents answered “yes”
(significant differences are shown in Figure 9).

Almost half of respondents (48%) indicated their current allergen
management practices would be modified if government agencies
adopted allergen thresholds for PAL (Question 38; “no” ¼ 20%; “I don't
know” ¼ 32%). The potential effect of recommendation of voluntary
allergen thresholds for PAL by industry guidance was unclear; 36% of
respondents did not know if their current allergen management prac-
tices would be altered under this scenario (Question 39; “yes” ¼ 33%;
“no” ¼ 31%).

3.3.4. Regulatory framework
Most survey respondents (92%) were familiar with the Canadian

Food Inspection Agency's (CFIA) guidelines “Preventive controls for food
Figure 8. Elements1 ranked by food processors considering their level o
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allergens, gluten and added sulphites” (Government of Canada, 2022b)
and found them helpful (88%).

When asked if minimum standards for allergen management should
be required for all food manufacturers (Question 15), 94% of survey
respondents agreed. Large companies were significantly more likely to
agree than small companies (p ¼ 0.03).

Out of 15 options listed (Question 40), respondents were asked to
select 4 that they thought it would be beneficial for industry if govern-
ment agencies were to provide or enhance. More than half of respondents
(58%) selected “Clarity on government agencies' expectations related to
the current regulatory framework on food allergens and its enforcement”
(Figure 10). Small companies’ top choices also included general and
sector-specific allergen management guidelines and consumer education
on allergen risk management.

4. Discussion

Use of priority allergens as ingredients was widespread among the
surveyed companies (87%), and 67% produced finished products with
PAL. More than 90% of the surveyed companies had a defined allergen
management approach, which included multiple elements (Figure 1) and
was developed based on various sources of information (Question 8),
suggesting they consider allergen management an important part of their
overall food safety programs. Resources developed by federal competent
authorities and third-party quality systems were consulted by more than
90% of respondents. The strong presence of third-party quality systems
across all company sizes, almost in line with that of regulatory bodies,
likely reflects the requirements to operate in a global market, and could
be leveraged as a mechanism for harmonization of best practices in
allergen management. In addition, enhanced allergen management
seems to be a requirement for global trade, as all seven companies who
declared not having a clearly defined allergen management approach
operated in the provincial or domestic markets only. This also suggests
that local competent authorities could further strengthen their industry
outreach and surveillance activities related to allergen management.
f concern regarding the use of allergen thresholds for PAL (n ¼ 69).



Figure 9. Perception of allergen thresholds as a useful tool when deciding whether to apply PAL (n ¼ 81)1,2,3.

Figure 10. Resources most frequently selected among respondents' top 4 choices as beneficial to industry if government agencies were to provide or enhance
(n ¼ 81)1,2,3.
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In general, the surveyed companies appear to be familiar with
allergen management. Survey respondents rated most allergen control
elements predominantly as easy to implement (Figure 1). “Hazard
identification and assessment” was rated as the easiest, despite it being
one of the most time and resource intensive steps of the development of
an allergen control plan (ACP). Indeed, allergen hazard identification
requires a cross-functional team reviewing all raw materials and pro-
cessing steps to identify allergens intentionally/unintentionally added
from raw materials, and allergens potentially present from cross-contact
during receiving, handling, storage and processing. Respondents may
have rated this element as “easy” due to their familiarity with this type of
exercise in the context of generic preventive control plans (e.g., HACCP),
without being aware of the additional effort an enhanced allergen hazard
identification process requires.

There seemed to be no consensus among the surveyed companies
regarding the need for a dedicated, cross-functional team responsible for
allergen management. According to most respondents (56%), integrating
allergen management into other quality programs, without having a
dedicated team was the preferred approach. This was clear among large
companies, where the second most common approach also implied not
having a dedicated team. Indeed, allergen management must be inte-
grated into the facility's quality programs, especially in its operational
stage. However, a dedicated team remains essential for overseeing the
development of the facility's ACP and its implementation, and for con-
ducting audits, reviews and updates as needed. Furthermore, the CFIA
guidelines consider having an allergen prevention team as good practice,
especially for larger food businesses (Government of Canada, 2022b).
Given the pivotal role of third-party quality systems in the development
of the surveyed companies' allergen management approach, it can be
inferred that not all these certifications require the establishment of an
allergen management team. In this case, they appear as more likely to
influence food manufacturing practices than recommendations by
competent authorities.

Supplier control is recognized as one of the pillars of food allergen
management, and was considered by 96% of the surveyed companies.
The most common supplier requirements (Figure 2) were related to
communication and indirect verification of supplier practices. Direct
verification of supplier practices (i.e., audits) was the least common.
Especially for large companies – likely to manage hundreds of suppliers –
this may reflect a risk-based approach to supplier auditing, where only
suppliers assessed as high risk are subject to audits. Supplier question-
naires are also a valuable tool but, unlike audits, they are limited in scope
and do not allow for direct verification of practices (i.e., details of the
implementation of control measures). Since most FBOs audit their sup-
pliers as part of other, not allergen-specific quality processes (e.g.,
approval of new suppliers, renewal of approved supplier status), allergen
management aspects could be added to these audits (e.g., issues related
to allergen cross-contact within the suppliers' operations, suppliers’
management of raw materials with PAL).

Information related to unintentional allergen presence (UAP) in the
supplied rawmaterials appears to be rarely accessible to FBOs (Figure 3).
This type of information (e.g., frequency and potential sources of cross-
contact, physical characteristics of cross-contact allergens) is necessary
when assessing the need for PAL in finished products. Characteristics of
UAP originating within the supplier's operation could be collected during
supplier audits, for example. However, UAP in raw materials originating
earlier in the food supply chain (i.e., agricultural co-mingling) poses
challenges to all FBOs (including those supplying ingredients). Accu-
rately establishing if a cross-contact allergen is likely to be present in a
specific production of a given commodity (as opposed to listing it by
default as “May contain” or equivalent in all specifications) requires
assessing factors going as early as primary production. Awareness of
crops cultivated in the same or adjacent fields in the preceding season,
and of farm practices and/or transport conditions that could introduce
cross-contact allergens are examples of relevant information that could
guide PAL decisions (Allergen Bureau, 2021). This implies a change in
9

current practices, as it would require a more thorough information
collection effort thanwhat is usually expected from commodity suppliers,
with the intent of limiting the prevalence of PAL to instances where UAP
cannot be avoided. Since in undeclared allergen incidents, the food
manufacturer bears significant legal responsibility, it is in their interest to
enhance cross-contact allergen information collection from their raw
materials suppliers. For example, if possible agricultural co-mingling is
reported by the supplier at a given step, mitigation measures imple-
mented and documented by the supplier to limit UAP should be
communicated to the food manufacturer. Yet, even if the UAP source is
identified, the probability of occurrence in the supplied material and the
expected amount of the unintentional allergen likely to be present are
difficult to estimate. In addition, the presence of allergen residues in
agricultural commodities requires an assessment to establish the level of
risk they may pose (e.g., Remington et al., 2013). Thus, considering the
size of agricultural commodity lots and the lack of sampling plans for
allergen testing, analytical tools are unlikely to provide meaningful in-
formation. These limitations may explain, at least partially, the automatic
transfer of raw materials' PAL into finished products – a practice applied
by 30% of respondents who produce finished products with PAL
(Figure 5). The actual percentage of PAL that is currently applied in
Canada based on this practice, however, is unknown. Nevertheless, this
approach must be regarded as temporary, and the use of PAL should be
reviewed as more information and/or more accurate data, that could be
incorporated into a risk assessment process, become available.

Supplier control is crucial for the identification of allergens allowed
into a food processing facility. Cleaning, on the other hand, is one of the
main strategies for preventing the unintentional transfer of allergens
within the facility. It is well-established that cleaning procedures
designed for other purposes (e.g., to eliminate microorganisms) may not
be effective for removing allergen residues (Jackson et al., 2008). Most
respondents seemed aware of this, as 79% indicated having cleaning
procedures that addressed allergens, and that were validated as such by
testing equipment/surfaces and/or with a visibly clean standard.
Finished product testing was also applied at a relatively high ratio (61%).
Technically, finished product testing, when based on a representative
sampling plan and conducted using fit-for-purpose analytical methods,
provides reliable information regarding allergen presence/absence.
Nevertheless, in general, an upstream, preventive approach to food safety
is preferred. Testing finished products for allergens presents significant
challenges. For example, 25% of respondents reported using standard
food sampling protocols for deciding the number of samples to analyze
when conducting allergen testing. However, contrary to testing for mi-
croorganisms, standard sampling plans specifically developed for
allergen testing are not available (Yeung and Robert, 2018; Remington
et al., 2022a). The majority (90%) of respondents reported using internal
sampling protocols, but this survey did not investigate how representa-
tive they may be. If indeed robust sampling plans for allergen testing
have been developed by food companies, an exchange of information
would benefit the industry as a whole. Moreover, 14% of respondents
used both standard and internal sampling protocols, showcasing the need
for guidance on this matter. Another challenge relates to the analytical
methods' ability to detect and quantify allergen proteins in different food
matrices. For example, ELISA kits’ performance – the most common tool
for allergen testing in industrial settings – is influenced by multiple fac-
tors (van Hengel, 2007; T€or€ok et al., 2015), and needs to be validated for
use in every allergen and food matrix. For large companies, with hun-
dreds of different product formulations, this would seem practically
impossible. Yet, 87% of respondents indicate using analytical methods
validated for use in their specific products and processes, which ques-
tions whether survey respondents understand what analytical validation
entails. Adding to the confusion, Health Canada proposes a compendium
of allergen detection methods, but it is not exhaustive and has not been
updated since 2011 (Government of Canada, 2011), and there are no
official allergen detection methods used by CFIA. Due to the lack of
reference methods for food allergens, technical consultation with the kit
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manufacturer and/or the external laboratory conducting the analyses is
critical when identifying the most adequate method and establishing
validation requirements. Considering the challenges posed by allergen
testing of finished products, visibly clean standards, supported by equi-
pment/surface testing when relevant, present an interesting alternative
for the validation and verification of cleaning procedures due to their
simplicity and reliability. This appears to be the preferred approach
among survey respondents (Question 23).

Almost half (48%) of respondents incorporated thresholds in their
allergen management approach, predominantly for gluten and sulphites
(Figure 6). The latter have thresholds for declaration in prepackaged
foods as per Canadian regulations (Government of Canada, 2012a).
Thresholds for other allergens for which regulatory provisions do not
exist in Canada (i.e., milk, soy) were also common. The actual values
used as thresholds or the sources from which these values were obtained
were not directly investigated in this survey – but 6/39 companies who
use thresholds reported referring to the VITAL program. Also, population
thresholds have not been established for all foods considered allergenic,
which hinders their use as a risk management and risk assessment tool by
food manufacturers (Graham and Fiocchi, 2022). For instance, FBOs may
consider a kit's limit of detection or quantification as thresholds, but the
validity of this approach would require further investigation. Overall,
thresholds were predominantly applied when testing finished products
(67%), but this was not the case for large companies (Figure 7). Large
companies used thresholds mainly as part of preventive controls
(cleaning validation/verification, ingredients testing) and incident
management, suggesting they apply a risk-based approach to allergen
management, aiming at limiting UAP. Enhanced FBOs' awareness of
analytical considerations (e.g., interpretation of results, applicability of a
given test to a given product/allergen combination, repeatability of re-
sults, representativity of samples) seems necessary, especially for small
and medium manufacturers.

Few respondents (12/84) used thresholds to establish the need for
PAL. In recent years, due to the eroded credibility of PAL as a risk
communication tool, various stakeholders and experts have proposed
regulation of PAL based on reference doses (e.g., Allen et al., 2014;
DunnGalvin et al., 2015; Yeung and Robert, 2018; Madsen et al., 2020;
FAO/WHO, 2021). Only a few countries (e.g., Japan, Switzerland) have
adopted this approach so far. However, with more data available on in-
dividual allergen thresholds and population dose-response curves (e.g.,
Houben et al., 2020), along with clearer guidance on allergen risk
assessment (e.g., Food Allergy Canada & Universit�e Laval, 2022; Rem-
ington et al., 2022b), the way FBOs and competent authorities manage
PAL is expected to change. When questioned about the use of allergen
thresholds for PAL, respondents ranked legal liability and regulatory
aspects as more concerning/challenging than other elements (Questions
34 and 37; Figure 8). These concerns align with the nature of the
voluntary PAL framework in Canada, which does not consider PAL
thresholds. Furthermore, it is recommended to use PAL only when there
is a real risk of allergen presence (Government of Canada, 2012b);
however, guidance on how to conduct an allergen risk assessment and
what its outcomes would mean from a regulatory standpoint are not
provided, making it difficult for FBOs to manage this responsibility.
Financial aspects did not seem to pose challenges to FBOs (Figure 8),
particularly among large companies. Interestingly, large companies were
more likely (p < 0.01) to produce finished products with PAL than small
companies. The increased use of PAL by large companies may be simply
associated with their wider use of allergenic ingredients. Yet, considering
previous studies reporting high prevalence of products with PAL but
without detection of the PAL allergens (Manny et al., 2021a; Manny
et al., 2021b) a potential overuse (e.g., driven by legal concerns) cannot
be discarded.

Issues related to the technical implementation of allergen thresholds
to establish the need or not for PAL, and the costs related to this process,
are not expected to hinder a hypothetical application of regulatory
thresholds for PAL in Canada. Survey respondents clearly perceived
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thresholds as a useful tool for PAL (78%), and this was significantly more
pronounced among large companies (Figure 9). Negative responses were
limited, demonstrating an overall openness towards this tool. Again, the
limited use of thresholds for PAL recorded in this survey reflects the
current regulatory environment. Health Canada (Government of Canada,
2012b) indicates that the use of PAL “where there is no real risk of an
allergen being present in the food is contrary to the Department's goal of
enabling a variety of safe and nutritious food choices for the allergic
consumer”. This guidance focuses on risk of presence of unintentional
allergens, and does not refer to exposure dose or the risk of the UAP
leading to an allergic reaction. Thus, Canadian FBOs applying a quanti-
tative risk-based approach to PAL (i.e., estimating whether an uninten-
tional allergen potentially present in a food may lead to an allergic
reaction, based on reported eliciting doses) are not legally protected. If
enforcement bodies, as part of their surveillance activities, analytically
detect an allergen in a prepackaged food with no declaration of this
allergen in the ingredients list or in PAL, they will be subject to investi-
gation and potentially recall, regardless of the amount of allergen pre-
sent. In this context, FBOs are more likely to apply approaches other than
thresholds as decision criteria for the use of PAL, as shown in Figure 5.

The lack of standardized criteria for PAL results in FBOs applying a
variety of approaches (Figure 5), some of which are concerning. Notably,
the second most common one (i.e., “cross-contact allergens that cannot
be avoided with cleaning and production scheduling are declared in the
ingredients list even though they are not intentionally added into the
product's recipe”), used by 30% of respondents, may attempt to
compensate for deficient allergen management practices (e.g., those
leading to very high UAP in finished products). Alternatively, it may
reflect a lack of clarity on how regulations are enforced (e.g., there are no
maximum limits for unintentional allergen concentration in finished
products with PAL), and a need for enhanced education on regulatory
requirements. Also, this approach does not comply with current regula-
tions on food labelling and could qualify as fraud under Canadian food
labelling laws. Some FBOs (18%), perhaps to circumvent this potential
legal implication, indicated that “Small amounts of allergenic ingredients
are intentionally added into the product's recipe and are therefore
declared in the ingredients list, eliminating the need for PAL”. By doing
so, they are legally protected from potential undeclared allergen recalls,
but they are in direct contradiction with Health Canada's “goal of
enabling a variety of safe and nutritious food choices for the allergic
consumer” (Government of Canada, 2012b). These responses highlight
how, potentially motivated by legal liability concerns, FBOs can resort to
questionable practices, generating new regulatory deviations and un-
necessarily limiting food choices to allergic consumers. The prevalence of
other, not risk-based, decision criteria for PAL (Figure 5), such as auto-
matically declaring in PAL all allergens used in the facility or in the same
production line, suggests that, although 88% of respondents indicated
applying PAL based on risk assessment, this may not always be the case.
Furthermore, it is difficult to establish what manufacturers refer to as
“risk assessment”, specifically in terms of structure, scope, and depth.
This situation could be improved by enhancing allergen risk assessment
awareness and training and/or by establishing regulatory requirements.

In agreement with Health Canada's recommendation (Government of
Canada, 2012b), most (84%) respondents who applied only one PAL
statement to their finished products used exclusively “May contain”.
Nevertheless, the prevalence of FBOs using more than one type of PAL
(27% of PAL users), including statements such as “May contain traces of
[specific allergen]” or “Produced in a facility that also processes [specific
allergen]”, suggests the need for enhanced standardization efforts by
government agencies, potentially beyond recommendation. Notably,
studies have shown that allergic consumers may attribute different levels
of risk to different PAL statements (Hefle et al., 2007; Marchisotto et al.,
2017; DunnGalvin et al., 2019; Gupta et al., 2021), a misconception that
could lead to risky consumption habits.

In general, this survey's results suggest that Canadian FBOs, especially
large companies, may be adequately equipped for and favorable towards



S. Dominguez et al. Heliyon 8 (2022) e11302
operating in a regulated PAL environment, potentially including
thresholds. They have experience in this type of setting (i.e., gluten,
sulphites) and, overall, seem to have a strong food allergen management
awareness. However, the current scenario (i.e., absence of clear PAL
regulatory requirements) does not appear as the most suitable option,
since FBOs do not follow a standardized approach for PAL that prevents
consumer choices from being unnecessarily limited. Incorporating risk
assessment in PAL decisions, with or without thresholds, would be a
logical first step towards enhanced PAL regulation. In this respect,
enforcement rather than recommendation would have a more significant
impact, based on observations on the use of PAL statements (27% non-
compliance with recommendations) and the uncertain effect of thresh-
olds recommendation versus adoption. Moreover, 94% of survey re-
spondents thought that minimum standards for allergen management
should be required for all food manufacturers, and mandatory PAL
thresholds were among the top 4 resources survey respondents thought
government agencies could provide or enhance (Figure 10). In addition,
more than half of respondents indicated the current regulatory frame-
work was not fully understood (Figure 10). Core items such as the ex-
pectations for FBOs under current regulations and its enforcement, risk
assessment and recall criteria applied by government agencies, as well as
labelling, were brought up by survey respondents as requiring further
clarification. Together with enhanced education on existing regulatory
requirements, these issues could be directly or indirectly addressed
through a clearer PAL policy. For example, the requirement to apply PAL
only when a well-defined and documented risk assessment process in-
dicates that UAP cannot be consistently avoided and that, if present in the
finished product, it may pose a risk to allergic consumers, could be
envisioned. For such policy to succeed, guidance from competent au-
thorities on what would be considered an acceptable allergen risk
assessment (including details on how to conduct an exposure assess-
ment), and how they would interpret its results (e.g., during surveillance,
inspection, or investigation activities), would be instrumental. In addi-
tion, the upcoming full report from the Ad hoc Joint FAO/WHO Expert
Consultations on Risk Assessment of Food Allergens, which is expected to
include a quantitative and risk assessment basis for the use of PAL, will be
essential for the improvement and harmonization of PAL practices
globally – if approved by Codex.

Finally, although this study provides a good overall representation of
Canadian FBOs, it is mostly reflective of largemanufacturers' experiences.
Small and medium manufacturers’ practices and perceptions should be
further investigated, and this would require a different strategy to reach a
larger sample size. Nonetheless, important issues about this manufac-
turers group, which could be addressed by industry organizations or
government agencies, were highlighted in this study (i.e., allergen risk
assessment and management awareness, guidance on the use and inter-
pretation of analytical methods, clarity on regulatory expectations).

5. Conclusions

Overall, survey respondents self-report strong allergen management
awareness and practices. However, challenges related to the use of PAL
were noted. A variety of criteria for the use of PAL, including concerning
approaches (e.g., declaring cross-contact allergens as ingredients, inten-
tionally adding small amounts of allergenic ingredients to avoid PAL),
highlight the need for standardization and risk assessment awareness.
Thresholds for PAL were regarded as useful, but their limited application
may be linked to legal and regulatory concerns. The current allergen
regulatory framework was not fully understood, particularly aspects
related to its enforcement, and the risk assessment criteria applied by
government agencies. Also, access to information on cross-contact al-
lergens potentially present in raw materials appears to be limited and
calls for a change in current practices, especially for agricultural com-
modities. Finally, the specific practices and concerns of small and me-
diummanufacturers may differ from those of large manufacturers (highly
represented in this survey) and should be further investigated.
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