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Abstract
The  reported  cases  of  food  allergies  are  steadily  increasing.  With  the  invention  of  more  novel  foods,  new  and  unfamiliar  allergens  are  being

introduced  into  our  diets,  which  raises  concerns  about  the  potential  risk  of  novel  food  allergies.  The  purpose  of  this  review  is  to  assess  the

allergenic risks associated with novel food components, strategies for assessing risk in relation to novel food allergens, and current regulations for

managing food allergens in novel food products.
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 Introduction

With  the  advance  of  innovation  and  globalization,  people
have  access  to  a  diverse  range  of  food  sources  and  have
increasingly  complex  nutritional  requirements,  emphasizing
the  urgent  need  to  establish  sustainable  and  healthy  food
systems[1,2].  Novel  food is  a highly nutritious,  sustainable alter-
native to conventional foods. According to the Food and Agri-
culture  Organization  and  World  Health  Organization  (FAO/
WHO),  new  foods  are  those  that  have  not  been  widely  con-
sumed and can be novel through recent technological innova-
tions  or  due  to  historical  restrictions  in  certain  regions  and
populations[3].

Diversifying protein sources by substituting is one approach
that  can  have  both  nutritional  and  environmental  benefits[2,3].
Advances in food technology have made it possible to expand
the sources,  types,  and ranges of  food raw materials,  resulting
in a vast array of novel foods[4]. In scientific research, two inter-
related trends that have received significant attention are meat
alternatives and products for promoting health and wellness[5].
Novel  foods  encompass  a  variety  of  forms,  including  plant-
based  foods,  insect-based  foods,  cultured  meat,  3D  printed
foods,  microbial  fermentation-derived  ingredients,  algae,  and
nano  foods,  among  others[4,6,7].  It  is  also  worth  noting  that
transgenic  foods  are  sometimes  considered  a  class  of  new
foods[6].

Allergies  are  immune-mediated  diseases  caused  by  food
allergens[8,9].  It  can  be  classified  into  two  types  based  on  the
immunological  mechanism:  IgE-mediated  or  non-IgE-
mediated[7,8].  IgE-mediated  food  allergy  occurs  in  two
stages[10,11]:  Sensitization  and  challenge.  During  sensitization,
the allergen activates dendritic cells, which stimulate the differ-
entiation of naïve CD4+ T cells into Th2 cells. The Th2 cells then

secrete  cytokines,  thereby  causing  B  cells  to  produce  specific
IgE[10,11]. In response to allergen cross-linking, specific IgE binds
to  effector  cells  such  as  mast  cells  and  eosinophils,  which
release  inflammatory  factors  like  histamine[10,11].  This  leads  to
the  appearance  of  food  allergy  symptoms[10,11].  In  this  stage,
the  allergen  binds  to  specific  IgE  by  epitope  (known  as  anti-
genic  determinant).  Therefore,  allergens  containing  similar
antigenic  determinants  can  induce  food  allergy  by  cross-reac-
tion.  The  simple  mechanism  of  IgE-mediated  food  allergy  is
shown  in Fig.  1.  Non-IgE-  mediated  food  allergy  occurs  much
later  than  the  time  of  allergen  uptake  and  often  has  delayed
symptoms.  Typical  non-IgE-mediated  food  allergy  conditions
include  enterocolitis  syndrome,  and  eosinophilic
esophagitis[12,13].

Food allergies have significant impacts on consumers' health
and safety. Food allergies are characterized by urticaria, nausea,
angioedema,  oropharyngeal  pruritus,  as  well  as  digestive  and
respiratory problems[8,9,14]. Symptoms of food allergies, such as
IgE-mediated anaphylactic  shock,  can be life-threatening[8,9,14].
There are currently no drugs approved by regulatory bodies for
food  allergy  treatment,  except  for  Palforzia,  a  certain  peanut
allergen  powder  specific  to  peanut  allergies[14,15].  Food  aller-
gies are managed with antihistamines and auto-injectors in the
case  of  acute  allergic  reactions,  and  allergy  patients  should
avoid  the  uptake  of  allergens[13,15].  Therefore,  besides  signifi-
cantly  impacting  the  quality  of  life  of  patients,  food  allergies
also  have  a  financial  impact  on  society.  Insufficient  protein
intake  can  cause  nutritional  deficiencies,  posing  a  threat  to
food  safety[16].  Children  in  developed  countries  are  becoming
increasingly allergic to more than one type of food, with up to
40% affected[8,13]. Babies with atopic dermatitis who drink regu-
lar milk containing allergens will pay thousands of dollars over
6 years in disease-related medical expenses[17].
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Across  developed  Western  countries,  food  allergies  have
become  more  prevalent,  while  attention  to  novel  foods  has
increased.[12,13,18,19].  It  is  crucial,  however,  to  assess  the  poten-
tial  allergy  hazards  of  novel  foods  before  introducing  them  to
humans[20−23].  Food  allergens  accounted  for  the  highest  per-
centage  among  the  top  four  hazards,  namely  biological  con-
tamination,  physical  contamination,  chemical  contamination,
and undeclared food allergens. Between 2008 and 2018, unde-
clared  food  allergens  accounted  for  46.5%  of  all  food  safety
incidents  and  recalls  worldwide[24].  Several  countries  have
placed  novel  food  safety  management  on  their  agendas,  issu-
ing  relevant  regulations,  guidelines,  or  legal  frameworks[25−27].
However,  predicting  the  potential  allergenicity  of  novel  food
remains challenging[23].

 Allergenic risk of components in novel foods

 Protein
Novel foods are rich in proteins as an innovative and sustain-

able  human  and  animal  nutrition  source.  Technology  like  bio-
flocculation  and  protein  concentrate  can  increase  the  unit
weight of the product in protein content[28−30].  The most com-
mon  allergens  in  food  allergies  are  proteins,  and  many
researchers  believe  food  allergy  is  an  immune-mediated  reac-
tion caused by harmless dietary proteins[21,30,31].

The  alternative  protein  industry  has  made  rapid  progress  in
recent  years.  Some  companies  call  alternative  proteins  new
food[32]. Plant leaves, microalgae, and edible insects all provide
a large number of  novel  proteins[33,34].  Edible insects  are good
alternative  proteins,  but  they  are  also  as  new  allergen
source[32]. Novel food proteins that conform to the physical and
chemical  properties  of  10-70  kDa  size,  heat  resistance,  diges-
tion resistance, and high water-solubility are often regarded as
potentially  allergenic  food  proteins[22].  However,  the  immune
system recognizes protein antigens and the activation of effec-
tor cells is achieved not through the whole protein but through
the epitopes contained in the protein. A protein can have mul-
tiple epitopes, and common food allergen proteins can have up
to  over  a  hundred.  According  to  the  Epitope  Information
Resource  Library  (IEDB,  www.iedb.org),  Th2  cell  epitopes  are

usually  linear  peptides  composed  of  8-26  amino  acids,  and  B
cell  linear epitopes are generally 8-15 amino acids long. More-
over, conformational epitopes are only small parts of the three-
dimensional structure of proteins, and common food allergens
in  the  epitopes  can  have  hundreds[10].  Protein  has  quaternary
structure,  at  the  same  time  that  the  structure  of  all  levels  is
folded, and some epitopes that can be identified are not neces-
sarily exposed to the surface of the protein structure. After the
thermal  processing  or  non-thermal  processing  common  to
novel  food  preparation,  even  if  the  novel  food  protein  is  not
heat-tolerant  and not  resistant  to  enzymatic  hydrolysis,  it  may
be exposed to the allergen epitopes inside the protein, causing
allergy.  For  example,  C18  unsaturated  fatty  acids（UFAs)  can
effectively  promote  the  gradual  development  of  alpha-Lactal-
bumin  (BLA)  and  beta-lactoglobulin  (BLG)  structures,  improve
their  hydrophobicity,  and  then  increase  allergenicity[35].  There
is  also  a  case  where  food  allergens  are  not  heat  tolerant,  but
their  epitopes  are  heat-resistant,  so  food  after  processing  still
could cause allergy.  Studies  have confirmed that  the potential
marker  of  almonds  allergen  Pru  du  6  is  an  epitope  conforma-
tion epitope that is resistant to heat and in vitro digestion in the
presence  of  a  food  matrix[36].  People  normally  tolerant  to
unmodified  wheat  products  may  be  allergic  to  newly  intro-
duced epitopes after the deamidation of gluten[32].  It has been
shown  through  double-blind  placebo-controlled  food  cha-
llenges (DBPCFCs) that exposure to mealworms may induce de
novo sensitization to larval cuticle proteins[32]. As a result, not all
allergen  proteins  could  be  positively  identified  as  allergenic
with homology testing.

 Carbohydrate
Carbohydrates  are  an  important  nutrient  found  in  novel

foods.  According  to  the  list  of  novel  foods  approved  by  the
European  Union,  it  is  easy  to  find  that  the  EU  has  approved
multiple  single-ingredient  carbohydrates  as  novel  foods[37−41].
Protein glycosylation and dietary fiber processing are two com-
mon novel  food processing methods that  can provide us  with
new  carbohydrate  foods[42−44].  Other  natural  novel  resource
foods  can  also  provide  carbohydrate  nutrition,  such  as  cran-
berry,  and  edible  insect  cricket  powder[45,46].  However,  carbo-
hydrates  considered  safe  and  widely  found  in  novel  foods  are
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Fig. 1    The simple mechanism of IgE-mediated food allergy. (Drawn by Figdraw).
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an  allergenic  risk  due  to  cross-reactive  carbohydrate  determi-
nants (CCD) binding to IgE and causing cross-reactivity[47].

Red meat allergic reactions are thought to be closely related
to  the  specific  IgE  of  disaccharide-galactose-α-1,3-galactose
(α-gal)[48−50].  The  Subcommittee  on  Allergen  Nomenclature
recently classified glycans as a potential  allergic epitope on its
website  International  Union  of  Immunological  Societies  (IUIS)
ancillary  section to  describe  classic  CCDs  as  haptens.[47]. α-1,3-
fucose, β-1,2-xylose, galactose-β-1,4-(galactose-β-1,4-galactose-
β-1,6)-glucose are also typically B-Cell carbohydrate epitopes in
foods[11].  However,  glycans  as  allergens  are  controversial.
Recently,  a  research result  showed that the reactivity of  N-gly-
can subsets carrying core α-1,3-fucose inversely correlates with
asthma[51].

 Lipids
The design of novel foods is based on nutritional value[43,52].

Lipids  are  another  kind  of  essential  nutrient[53,54].  Lipids  are
often used as essential components in creating novel foods, for
example,  glycolipids,  phospholipids,  short-chain  fatty  acids,
unsaturated fatty acids,  etc.[55] Food allergy can occur through
several  immunological  pathways[56].  They are  important  ingre-
dients  of  some  nano  liposome  foods[56].  In  the  case  of  skin
exposure  to  nanomaterials,  immunomodulatory  effects  may
induce  allergic  reactions[57,58].  Glycolipids  have  the  potential
allergenicity  due  to  their  carbohydrate  epitopes[59].  On  the
other hand, lipids can interact with proteins.  That changes the
structural  properties  of  protein  allergens,  which  may  expose
linear  epitopes  inside  proteins  and  affect  protein  immuno-
genicity[35,60].

The threshold distribution is related to the state of the body,
lipids  could  change  the  human  internal  environment.  Resear-
chers  have  conducted  threshold  dose  distribution  studies  on
milk, eggs, sesame, walnuts, cashews, peanuts, and other foods,
indicating  that  the  intake  of  protein  exceeding  the  threshold
dose  will  cause  the  consequences  of  food  allergy[61,62].  Lipids
could  affect  the  digestibility  of  allergens,  alters  intestinal
absorption, and reduces the bioavailability of protein allergens,
changing  the  threshold  for  allergic  reactions[56].  Allergen  pro-
teins can be inserted into phosphatidylcholine (PC) dependent
acidic  pH  conditions  to  form  vesicles-like  molten  globules,
which  facilitates  the  expansion  of  allergen  amino  acid  side
chains  and  protects  allergens  from  digestion  by  digestive
juices, promoting allergic diseases[56,63]. Lipids promote allergic
diseases by mediating cellular communication events[64]. Long-
term  medium-chain  triglyceride  (MCT)  -based  feeding  in  ani-
mals stimulates the epithelium to release Th2 biased cytokines,
like  IL-25,  IL-33,  and  thymic  stromal  lymphopoietin(TSLP),
which activate food allergy signaling pathways and cause spon-
taneous  allergy[64,65].  The  food  allergy  process  could  be  influ-
enced by lipids, for example, intervening in the composition of
gut microorganisms or intestinal microbial metabolism, increa-
sing  the  host's  intestinal  permeability  and  breaking  tolerance
status[56,66].

 Allergenic risk assessment

Novel  food  allergenic  risk  assessments  are  imperative  for
preventing severe symptoms in allergic consumers. The proba-
bility  and  severity  of  harmful  health  effects  caused  by  one  or
more  hazards  in  food  are  referred  to  as  food  risk[67].  Addi-
tionally,  a  classic  toxicology  paradigm  states  that  risk  is  a

product of exposure and hazard. During the first decade of this
century,  knowledge  of  individual  sensitivities  to  food  allergy
grew.  Observing  thresholds  in  clinical  food  challenges  in  the
oral  diet  of  food-allergic individuals has been a useful  method
to  assess  the  risk  of  foods  that  cause  sensitization[68−70].  Food
allergies  are  relatively  common  in  humans,  and  dietary  pro-
teins  usually  contribute  to  the  development  and  initiation  of
allergic  reactions.  With  the  growing  population,  there  is  an
increasing  need  for  protein  food,  including  new  sources  that
are not yet available. A new or modified protein may also pose
a  risk  of de  novo sensitization,  leading  to  novel  food  allergies.
Hence,  implementing a comprehensive and systematic testing
and assessment strategy is crucial for identifying and character-
izing potential allergenic risks[71].

 Weight-of-evidence-based approach to allergenic risk
In  evaluating the allergenic  risk  of  novel  foods,  an exposure

criterion  is  a  concentration  in  foods,  heat  stability,  and  diges-
tive stability, while a hazard criterion is a structural similarity to
known allergens and the history of safe use. Current risk assess-
ment  strategies  emphasize  that  there  is  no  single  method  for
predicting  the  allergenicity  of  novel  foods.  Therefore,  the
weight-of-evidence-based  approach  is  the  most  commonly
used allergenic assessment strategy[72]. The core of the weight-
of-evidence-based  approach  used  for  potential  allergenicity
evaluation  is  to  compare  the  sequence  of  a  new  protein  with
that  of  an  allergenic  protein  that  causes  an  allergic  reaction
using  bioinformatics[23].  The  latest  analytical  techniques  allow
for an increasingly better interpretation of the bioinformatics of
proteins, and the primary, secondary, and tertiary structures of
proteins can be evaluated at the amino-acid level. Additionally,
there  are  a  number  of  databases  that  are  used  for  predicting
food  allergenicity  and  assessing  risk,  varying  in  entry  criteria
and  allergen  entries.  New  foods'  potential  allergenicity  is
ranked based on the clinical relevance and quality of the scien-
tific evidence. Patient serum IgE antibodies or animal antibody
sera  can  be  used  to  analyze  allergenic  activity.  Moreover,  the
use  of  cellular  assays  to  determine  the  functional  allergenicity
of  food  proteins  and  digestion  assays  to  determine  protein
stability have also been found to be helpful. The processing of
food and the interaction of the food matrix with allergenic pro-
teins  are  also  thought  to  influence  allergenicity.  The  com-
pelling evidence for the allergenicity of novel foods lies in clini-
cal data, such as skin prick tests or oral challenges.

 Two types of novel foods at allergenic risk
Two  different  types  of  novel  foods  should  be  assessed  for

their  allergenic  risk[73].  The  first  type  contains  a  known  or
homologous structure with known allergens in the novel food,
which presents cross-reactivity.  A comparative assessment can
be  undertaken  for  this  case,  and  the  extent  of  cross-reactivity
can be explored. The second type of novel food is one in which
an allergic reaction is observed for a previously unknown aller-
gen  structure,  with  no  homology  to  a  known  allergen
structure[23].  Ideally,  this  situation  could  use  known  allergenic
and known non-allergenic reference proteins from non-homol-
ogous  sources.  However,  additional  cellular  assays  and  animal
models must be developed and validated. In summary, a com-
prehensive  and  systematic  testing  and  assessment  strategy  is
required  to  identify  and  characterize  the  risks  associated  with
de  novo allergenicity  associated  with  specific  proteins,  includ-
ing  aspects  of  exposure,  intrinsic  protein  properties,  and
matrix/processing effects.
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 Identification technologies for allergenic risks of
novel foods

 Allergen analysis
Comparing  the  information  from  the  analysis  with  standard

allergens  to  determine  whether  novel  foods  are  allergenic.
Analysis  methods  of  allergens  can  be  divided  into  non-
immunological  analysis  and  immunological  analysis.  Since
novel  foods  are  not  necessarily  single-component  foods  and
have  been  processed,  matrix/processing  effects  and  epitope
masking  will  affect  the  analysis.  Nevertheless,  the  challenge
remains in choosing the appropriate method to evaluate aller-
genicity.

 Non-immunological analysis of food allergens
Non-immunological analytical techniques involve mass spec-

trometry  (MS),  circular  dichroism  (CD),  fourier  transforms  in-
frared (FTIR),  X-Ray, and nuclear magnetic resonance (NMR)[74].
Mass  spectrometry  is  an  excellent  tool  for  analyzing  allergen
structures and is an important qualitative and quantitative tool
in  proteomics  research[75].  By  using  fragmentation  settings  in
the  MS  collision  cell,  quantitative  triple  quadrupoles  and  ion
trap (IT) systems offer identification and quantification possibil-
ities.  According  to  the  Tothrall-Project,  the  quantification  of
multiple food allergens in standardized incurred food matrices
has  also  been  developed  using  an  MS-based  prototype
method[74,76].

There  are  two  analysis  strategies  for  mass  spectrometry
analysis[77].  Targeted analysis  can be used to  analyze potential
allergens and conduct risk assessments for new foods contain-
ing  known  allergens.  Non-targeted  analysis  can  be  used  to
evaluate new foods with unknown allergens.  Based on known
allergen information, it involves less evaluation of sensitization
risk. The 'bottom-up' shotgun analysis strategy involves digest-
ing  novel  food  proteins  and  analyzing  allergen-specific  pep-
tides.  The  'top-down'  analysis  strategy  involves  isolating  pro-
teins in new foods and evaluating the potential allergenicity of
the intact protein.

 Immunological analysis of food allergens
Currently,  immunoassays  are  the  preferred  method  for

detecting  and  identifying  food  allergens[78].  Specific  serum
screening-IgE  binding  assays,  pepsin  resistance  and in  vitro
digestibility tests, and culture systems with cell lines or explants
of  mucosa  grown  in  monolayers  are  commonly  used  routine
immunoassays at this stage.

They can be used to analyze the allergenic potential of novel
food  allergens.  With  the  development  of  science  and  tech-
nology, some biosensors are used as potential allergen analysis
tools for 'gut-on-a-chip' devices. For example, a biosensor plat-
form  powered  by  nanovesicles  derived  from  immune  cells  for
detecting  food  allergens[79].  This  method  selectively  binds  to
allergens by immobilizing allergen-specific  antibodies (α-whey
protein-specific  antibodies)  or  allergen-specific  antibodies  to
allergenic  mediators  (histamine-specific  antibodies)  on  the
electrode  surface.  The  current  and/or  voltage  changes  while
combined when through the local surface. Cell lines and organs
containing antibodies  are  still  important in  vitro[78].  Regardless
of  the  data  collection  method,  the  biological  receptor  that  is
widely  used  in  food  allergen  analysis  biosensors  is  the anti-
body.

 Allergenicity assessment in an animal model
Many living beings may suffer from food allergies, for exam-

ple,  humans  and  rodents.  Therefore,  mouse  models  of  food
allergy are currently considered the best predictor of food aller-
genicity  for  assessing  the  potential  allergenicity  of  novel  food
proteins[20]. In mouse models, pathophysiological conditions of
food  allergy,  such  as  behavioral  changes,  body  temperature,
auricle swelling, cytokine response to allergens, and passive or
active skin allergic reactions can be simulated. Other pathologi-
cal conditions such as intestinal mucous membrane, skin, lungs,
immunoglobulins in serum, and T-cell  populations can also be
used to characterize the allergenicity of novel foods. However,
different immune statuses of the body can cause varying sizes
of  allergic  reactions,  and  the  current  model-making  method
needs to be improved. Researchers are seeking the most appro-
priate route of  exposure and protein form to simulate the clo-
sest pathological state to reality, but the results are still subop-
timal.  Because  mouse  pathophysiology  differs  from  human
pathophysiology, existing animal-based methods cannot accu-
rately  predict  clinical  outcomes  of  allergy  to  novel  food pro-
teins[80].  For example, IgG1 can cause allergic reactions in mice
but  not  in  humans.  While  pigs  and rats  were used to  evaluate
allergenicity, they are not the main animal models and require
further evaluation/validation of endpoints[74,80].

 Bioinformatic tools
As mentioned earlier, bioinformatics tools are key to evaluat-

ing the allergenic potential of novel foods[81−84]. These tools can
identify known allergens from novel food allergens by compar-
ing  their  structures  with  those  of  standard  allergens.  Initially,
software  such  as  Interact  iVenn  can  be  used  to  identify  com-
mon  proteins.  Next,  analytical  information  about  the  proteins
in  novel  foods  can  be  obtained,  and  their  functions  can  be
annotated. Finally,  protein identity and similarity can be calcu-
lated  using  an  allergen  database.  The  major  open  specialized
allergen databases for allergens are listed in Table 1.

Bioinformatic  tools  can  also  predict  the  potential  allerge-
nicity  of  novel  proteins,  identify  potential  epitopes  that  could
cause  an  allergic  reaction,  and  determine  whether  a  protein
exhibits cross-allergenicity with other known allergens and pro-
teins of interest[84]. Different bioinformatic tools and tactics are
available for implementing each of these functions in-silico. The
probability  of  cross-reaction  is  greater  when  the  protein
sequence  has  a  higher  homology.  The  European  Food  Safety
Authority  (EFSA)  Panel  has  defined the homology criteria  with
known allergens to be at  least  35% on a sliding window of  80
amino acids[84].  Alternatively,  one can search for the same epi-
tope peptides in the structure of  novel  food proteins.  Proteins
larger  than  6-mer  and  8-mer  allergenic  epitopes  can  also  be
considered  to  have  potential  allergenicity[84].  Moringa  oleifera
leaves  are  novel  food[84].  Using  bioinformatics,  Brusic  &
Petrovsky recently identified an allergen-encoding sequence in
the  ingredient  extracted  from  Moringa  oleifera  leaves[84].
Figure  2 provides  a  sample  flowchart  illustrating  how  this
process can be implemented.

 Allergenic risk assessment

 Regulation in the European Union
The European Union (EU) released Regulation 2015/2283 on

novel foods in November, where the 'Novel foods can be newly
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developed,  innovative  food,  food  produced  using  new  tech-
nologies and production processes, as well as food which is or
has been traditionally eaten outside of the EU'[85]. More specifi-
cally,  there  were  ten  categories  considered  novel  foods  pro-
duced from novel sources of ingredients and novel processing
technologies.  Moreover,  novel  food  may  also  cover  food  con-
sisting  of  certain  micelles  or  liposomes  and  engineered  nano-
materials.

EFSA  Panel  on  Dietetic  Products,  Nutrition,  and  Allergies
interpreted this regulation[71].  The panel experts indicated that
the allergenicity assessment of novel foods should start with a

qualitative  or  quantitative  test  to  analyze  whether  the  novel
foods  contain  proteins.  The  potential  allergenicity  of  proteins-
free  novel  food  is  very  low  since  most  food  allergens  are  pro-
teins.  When it  comes to novel  foods containing proteins,  aller-
genicity is assumed by default[71]. Conducting literature reviews
to  gather  information  about  allergenicity,  allergic  reactions,
and/or  allergenic  studies  (in  vitro, in  vivo)  for  assessing  the
potential allergenicity of new products and ingredients[71].

 Regulation in the United States
There  were  no  specific  definitions  and  regulations  for  novel

foods in the United States. Instead, novel foods are regulated as

Table 1.    Major open databases for allergen.

Database URL location Maintained by

WHO/IUIS Allergen Nomenclature www.allergen.org WHO/IUIS Allergen Nomenclature Sub-Committee
Structural Database of Allergenic Proteins
(SDAP)

fermi.utmb.edu/SDAP The University of Texas Medical Branch, USA

AllergenOnline (FARRP Allergen Database) www.allergenonline.org University of Nebraska-Lincoln, USA
Comprehensive Protein Allergen Resource
(COMPARE)

comparedatabase.org Toxins and Bioinformatics Committee, Health, and
Environmental Sciences Institute

Allergome Database www.allergome.org Allergy Data Laboratories, Italy
Allermatch Database www.allermatch.org WFSR - Wageningen University and Research and

Bioscience - Wageningen University and Research, The
Kingdom of the Netherlands

Allergen Database for Food Safety (ADFS) https://allergen.nihs.go.jp/ADFS/database The Division of Biochemistry and Immunochemistry of
the National Institute of Health Sciences, Japan

AllFam www.meduniwien.ac.at/allfam/ The Department of Pathophysiology and Allergy
Research of the Medical University of Vienna, Austria

AllerBase bioinfo.unipune.ac.in/AllerBase/Home.html Bioinformatics Centre, Savitribai Phule Pune University
(SPPU), India

Identify common protein
(InteractiVenn software)

The identified proteins
(the 2DE and shotgun analyses)

Analyses protein biological function
(Gene Ontology and GO Annotations software)

Visualise the results of the GO analysis
(Meta chart)

Calculate the percentage of identity and similarity among proteins

(the Sequence Manipulation Suite)

Identify full lengths protein sequences

(MS)
Novel

proteins

Known

allergens

To evaluate novel protein potential allergenicity

by Allermatchtm, AllerCatPro

Define homology by criteria

(EFSA Panel on Genetically Modified Organisms)

Search 6-mer and 8-merallergenic epitopes

Identify potential epitopes using

IEDB

Potential allergens be identified

by the Clutal Omega tool

Multiple protein sequence aligenment other

Obtain phylogenetic trees

(the BLOSUM62 algorithm)

Visualize and edite resulting calculation

(iTOL v6)

known allergens and proteins of interest (MSA)

 
Fig.  2    Sample  implementation  flowchart:  the  allergen  encoding  sequences  in  a  novel  food  ingredient  from Moringa  oleifera leaves  were
identified by bioinformatics tools[84]. (Drawn by Figdraw).
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ordinary foods[86]. The regulations are regardless of novel foods'
technological,  temporal,  or  geographical  origin[86].  The  FDA
considers  any  novel  food  ingredient,  either  a  food  additive  or
Generally  Recognized  as  Safe  (GRAS),  for  specific  uses.  Never-
theless,  the  FDA  still  performed  prophylactic  research  on  the
safety,  regulation,  and  labeling  of  novel  food  to  protect  con-
sumers and make regulatory recommendations and decisions.

 Regulation in Canada
An  overview  of  novel  foods  published  by  Health  Canada

defined  it  as  products  that  are  new  or  modified  from  existing
foods,  which  may  include  substances  not  yet  used  as  food,
foods  produced  by  novel  processing  techniques,  and  foods
derived  from  genetically  modified  plants,  animals,  or  microor-
ganisms[25].  In  July  2022,  Health  Canada  updated  the  Guide-
lines  for  the  Safety  Assessment  of  Novel  Foods[87],  illustrating
the allergenicity of novel foods of plant and microbial origin in
terms  of  raw  materials,  novel  processing  technologies,  and
genetic  modification[87].  For  raw  materials  with  no  history  of
safe use, the preliminary strategy for assessing the allergenicity
would be to investigate whether plants are relevant to allergic
response[87].  Proteins  from  an  allergenic  source  should  not  be
added to foods where identity preservation is not guaranteed.
Regarding the novel foods produced by novel processing tech-
nologies, the preliminary strategy would be to prevent acciden-
tal  and  unavoidable  exposure  of  allergic  individuals  to  food
allergens[87], and the allergenicity should be re-evaluated when
novel  processing  technologies  were  applied  to  foods  contain-
ing allergenic proteins and resulted in changes in protein con-
tent. Moreover, the allergenic potential of the novel foods pro-
duced  by  genetically  modified  technology  to  cross-react  with
known  food  allergens  or  to  cause  hypersensitivity  reactions
needs to be assessed[87].

 Regulation in Australia and New Zealand
Food  Standard  Australia  and  New  Zealand  (FSANZ)  define

novel  foods  as  those  that  are  not  considered  to  be  traditional
and/or  are  produced  using  non-traditional  processing  tech-
niques,  and  these  foods  designated  as  novel  must  undergo  a
public health and risk assessment before they can be approved
for sale[88]. There is currently no specific guidance on the risk of
allergenicity  of  novel  foods  in  the  relevant  FSANZ documents,
or the Australian New Zealand Food Standards Code[89].

 Regulation in China
In 2013, China implemented the Measures for Examination of

the Safety of New Food Ingredients, in which new food ingredi-
ents refer to relevant foods that are not traditionally consumed
in China,  including animal,  plant,  and microbial  foods,  ingredi-
ents  isolated  from  animals,  plants,  and  microorganisms,  food
ingredients  whose  original  structure  was  changed,  and  other
newly developed food ingredients[90].  In China, the use of new
food ingredients requires the National Health and Family Plan-
ning  Commission  to  examine  food  safety  before  they  can  be
used  in  food  production  and  operation[90].  In  addition,  the
approach declares that genetically modified food, healthy food,
and new varieties of food additives are not the raw material of
novel  food[90].  There  is  no  explicit  provision  for  allergenicity
assessment  of  novel  food  ingredients,  although  they  need  an
examination  of  food  safety[90].  Moreover,  there  is  no  manda-
tory  requirement  for  an  allergenicity  assessment  of  food

(whether  or  not  novel  food  ingredients  are  used  for  produc-
tion) in the current legislation[90].

 Regulation in Singapore
In  September  2022,  the  Singapore  Food  Agency  (SFA)

released  its  latest  version  of  the  Requirements  for  Safety
Assessment of Novel Foods and Novel Food Ingredients, which
defined  novel  foods  as  foods  or  ingredients  with  no  safe  use
history and synthetic  compounds that  are chemically  identical
to  naturally  occurring  compounds[91].  The  document  stated
that  the  weight-of-evidence  approach  would  apply  to  deter-
mining the risk of allergenicity in novel foods, which means the
source  of  protein,  amino  acid  sequence  comparisons, in  vitro
degradation  studies,  and  specific  serum  screening  and  cell/in
vivo  based  assays  would  also  depend  on  the  specific
situation[91].

 Regulation with FAO/WHO
There  are  no  substantive  legal  provisions  for  new  food.  The

Codex  Alimentarius  Commission  (CAC)  just  noticed  the  FAO/
WHO  paper  on  emerging  issues  affecting  agri-food  systems
with  relevance  to  food  safety  and  the  quality  of  new  food
sources  and  production  systems  in  2021[3].  Between  2021  to
2022,  FAO  has  three  reports  on  food  safety  aspects  of  edible
insects,  seaweed,  and  cell-based  food  ('Looking  at  edible
insects  from  a  food  safety  perspective.  Challenges  and  oppor-
tunities  for  the  sector',  'Report  of  the  expert  meeting  on  food
safety  for  seaweed:  current  status  and  future  perspectives'
'Food  safety  aspects  of  cell-based  food').  These  reports  show
food  traceability  and  allergen  labeling  management  are  the
core of avoiding potential allergenic risks in food.

 Conclusions

Novel  foods  can  cause  allergies  in  many  ways.  Firstly,  new
technology  innovations  can  enrich  the  nutrients  in  food,  and
the nutrient  levels  may exceed the  threshold  for  causing food
allergy[62,92].  Technological innovations can also alter the struc-
ture  of  known  food  nutrients,  exposing  allergen  epitopes  to
cause  food  allergies[93].  Some  new  resource  foods  introduced
multiple  new  nutrient  profiles.  At  the  same  time,  unknown
allergens also could be introduced that may cause unexpected
allergies[94].  Moreover,  novel  foods  may  also  directly  or  indi-
rectly  alter  the  body's  immune  function  and  affect  the  body's
tolerance to allergens[95].

Nowadays,  we  rely  on  information  on  known  allergens  in
novel  foods  to  manage  allergy  risks.  The  regulations  for  novel
foods worldwide are often used as reference points for assess-
ing whether  novel  foods  are  safe  to  consume.  Many countries
have  implemented  risk  management  for  novel  foods  contain-
ing known allergens from application to consumption, such as
legislation,  establishing  guidelines  or  legal  frameworks,  and
establishing allergen databases.

Food  traceability  technologies  are  emerging  approaches  to
improving food allergen management[3,24]. To trace allergens in
foods' raw materials,  the producer and/or previous handlers in
the supply chain and by the assurance quality system method.
But allergy risk assessment strategies focus on known allergens
in  novel  foods.  The  developed  methods  for  allergenic  risk
assessment  of  novel  foods  are  based  on  known  allergen  epi-
topes.  However,  in  addition  to  the  identified  allergens,  there
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are  still  unknown  allergens  in  novel  foods,  and  any  other  fac-
tors that cause allergies will  also affect the body's tolerance to
allergens. It may not be safe or reliable to rely solely on physio-
logical  reactions  caused  by  double-blind  prick  testing  for
potential  risk  assessment.  Reasonably,  there  is  still  a  long  way
to go to establish a methodology for the allergenic assessment
of  novel  foods.  Controlling  novel  food  allergy  risk  sounds  like
fantasy  since  food  allergen  risk  management  lags  behind
methodology studies.
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