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Abstract

Hypoallergenic extensively hydrolyzed cow’s milk formulas can
be used as an alternative diet for infants who have mild to moder-
ate cow’s milk allergy in case breast-feeding is not possible. These
products have been heat-treated and/or enzymatically hydrolyzed
to breakdown the milk proteins into peptides and amino acids and
disrupt antibody-binding structures. It is known that extensively hy-
drolyzed products can occasionally elicit an allergic reaction in cow’s
milk allergic infants.Therefore, understanding the factors that influ-
ence allergenic potential and how they are measured and reported
are crucial to ensure efficacy and thus safety of cow’s milk hydroly-
ses. In this overview, the required clinical study on hypoallergenicity,
in vivo allergenicity models and several in vitro analytical and immu-
nological methods are described and their suitability for the assess-
ment of residual antigenicity/allergenicity of hydrolysates, and thus
immune safety, is discussed.
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Introduction

Cow’s Milk (CM) contains approximately 30 potentially allergen-
ic proteins among which casein and whey proteins seem to be most
important regarding allergy to CM [1]. The casein allergens comprise
four different proteins, alpha-S1, alpha-S2, and beta and kappa casein
and have a molecular weight between 19-25.2 kilodalton (kDa). The
most important whey allergens include beta-lactoglobulin (BLG; 18.3
kDa) which is the most abundant CM whey protein (=65%). BLG is
present in CM but also in milk of many other mammals, however not
in human milk although minor traces might be detected dependent on
the diet of the lactating mother. Minor allergen fractions present in
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CM are alpha-lactalbumin (ALA; 14.2 kDa), bovine serum albumin
(BSA; 66.3 kDa) and bovine immunoglobins (Igs; 150 kDa) [2].

CM hydrolyzed formulas are categorized according to the degree
of hydrolysis into partially hydrolyzed formulas (pHF) or extensively
hydrolyzed formulas (eHF). The term ‘hypoallergenic formulas’ was
first used by Kleinman et al. to refer to formulas that are tolerated by
90% of subjects with proven Cow’s Milk Allergy (CMA) with a 95%
confidence interval, and are therefore used for the treatment of CMA
[3]. This definition was subsequently adopted by the World Allergy
Organization (WAO) [4]. In 2000, the American Academy of Pediat-
rics (AAP) defined an eHF as a formula containing only peptides that
have a molecular weight of <3 kDa. These guideline states that for-
mulas with ‘most of the nitrogen in the form of free amino acids and
peptides <1.5 kDa have been subjected to extensive clinical testing
and meet the standard for hypoallergenicity [5].

Detection of allergens in food products can be very difficult, as
they are mostly present in trace amounts or are masked by the food
matrix [6]. Physico-chemical and immunological methods have been
developed to confirm the safety of hydrolysates and to evaluate their
residual antigenicity [7]. Generally, the allergenicity of hydrolysates
is partially dependent on their molecular weight but, in addition,
the control of the peptide length of peptides is important as well.
There are several chemical analytical techniques to determine the
degree of hydrolysis [8] and the molecular weight distribution (e.g.
gel permeation chromatography (GPC), High-Performance Liquid
Chromatography (HPLC) or Mass Spectrometry (MS) method such
as MALDI-TOF [2,9,10] that can be used to analyze the proportion
and the size of the hydrolyzedpeptides. However, none of the above
mentioned techniques are sufficient to define the residual allergenic-
ity in a biologically relevant manner [2]. Most of the immunological
assays described for the detection of milk proteins such as immu-
no-diffusion, immuno-rocket, electrophoresis, immunoblotting and
Enzyme-Linked Immunosorbent Assay (ELISA) can be suitable for
testing hydrolysate formulas [9,10]. ELISA methods, based on aller-
gen specific IgG or IgE detection, are the most conventional and sen-
sitive in vitro techniques to estimate the residual antigenicity of apar-
ticular hydrolyzed formula. /n vitro cell-based allergenicity assays are
newly developed and gaining in interest because among others these
assays reflect the actual allergic response and are therefore labelled as
a functional assay. This paper will discuss the suitability of allergen
residue detection methods and their use specifically for CM hydroly-
sates safety assessment.

Clinical Study on Hypoallergenicity of CM Hydro-
lysates

eHFs are recommended as the first line substitute for CM-based
formulas and widely used in infants with CMA who cannot be
breastfed [11]. It is known that eHFs can occasionally elicit an aller-
gic reaction in CMA infants. This occurs especially in those where
CMA is part of the broader syndrome of multiple food allergies. In
these circumstances amino acid based formulas are recommended
[7,12]. In order to guarantee the hypoallergenicity of eHFs, different



https://doi.org/10.24966/FSN-1076/100145

Citation: Knipping K(2022) Residual Allergenicity Assessment of Cow’s Milk Hydrolysates. ] Food Sci Nutr 8: 145.

« Page 2 of 5.

positioning and guideline documents have been published by authori-
tative national and international scientific platforms. One of the safety
requirements of eHFs is that they must be tolerated by at least 90%
of children with proven CMA with a 95% confidence interval [5].
Many commercial available hydrolysates for CMA management, ei-
ther whey-based [13-19], casein-based [19,20] or a mixture of whey/
casein [19,21] are found suitable for consumption by CMA infants
and meet the requirements set out in European and international
guidelines.

In Vivo Animal Models

Animal models have played a valuable role in increasing our un-
derstanding of the immunology and pathology involved in allergic
responses to food proteins. To assess the residual allergenicity of an
eHF in a preclinical setting, animal models are available but not (ful-
ly) validated and embedded in guidelines to this date. Guinea pigs
sensitized by the oral route have been used as a common model for
the assessment of residual allergenicity of hypoallergenic formulas
due to their innate responsiveness [22,23]. A main disadvantage of
the guinea pig model is the generation of IgG1la subclass anaphylac-
tic antibody responses instead of IgE antibody responses, which are
the main pathophysiological antibody responses in allergic humans.
This makes the suitability of the guinea pig model questionable with
regard to the potential extrapolation to the human situation. Addi-
tionally, this guinea pig model has a higher discomfort in terms of
the allergic symptoms and is for this reason less accepted for ethical
reasons. More recently, a predominantly IgE-mediated mouse model
of orally induced CMA was introduced [24] and interlaboratory eval-
uation was conducted as a first step to validate the model [25,26]. In
addition, more recently rat models have been used for the assessment
of the allergenicity of infant formulas as well [27,28].

In Vitro Methods

Differences in CM hydrolysates arise as a result of the different
protein sourcesused (whey, casein or mixture), the type of enzyme(s)
(trypsin from porcine pancreas or bacterial/fungal proteases) and/or
the process used for the manufacturing of the specific hydrolyzed for-
mulas. The different formulas end up with a mix of many different
peptides, ranging in peptide size and Amino Acid (AA) composition.
This makes a hydrolysate a very complex matrix for in vitro analysis
and comparisons, especially for methods using antibodies since spe-
cific peptides may inhibit e.g. a sandwich-type ELISA by binding to
the solid phase antibody but not allowing the binding of the secondary
antibody conjugate. Therefore, a method suitable for one hydrolysate
does not necessarily mean that it is suitable for all different kinds of
hydrolysates. Each method has to be validated specifically for the in-
tended hydrolysate [28]. As a result of these complexities, one select-
ed method of assessment is not suitable and enough to compare the
potential allergenicity of the different commercial formula available.

Frequently used methods for allergen detection in a food matrix
are Polymerase Chain Reaction (PCR) and Mass Spectrometry (MS)
[10]. PCR is targeting a segment of the gene coding for the allergenic
protein of interest and amplifying only this specific DNA fragment to
make them detectable [29,30]. MS directly detects allergens by break-
ing them down into peptides, or short strings of amino acids that link
together to form larger proteins [10]. This means that both PCR and
MS are excellent methods to detect an intact allergen in a matrix in
which this allergen should be absent, but not for hydrolysates which
consist of only peptides. Therefore it becomes difficult to pinpoint
a DNA fragment or peptide of interest which can cause an allergic

reaction. A method still under development using MS is fingerprinting
of the peptides in a hydrolysate which could be useful in the future to
assess not only peptide size but also AA composition.

Degree of Hydrolysis, Molecular Weight Distribu-
tion and Presence of Protein

The Degree of Hydrolysis (DH%) is defined as the percentage of
peptide bonds cleaved during protein hydrolysis, or in simple terms,
a measure of the breakdown of the protein by the enzyme(s). It is
reported in terms of percentages/proportions of peptides with differ-
ing molecular weights. Various methods exist for determining DH%;
the most used are the pH-stat, trinitrobenzenesulfonic acid (TNBS),
o-phthaldialdehyde (OPA), trichloroacetic acid soluble nitrogen (SN-
TCA), and formol titration (AN/TN%). The DH% value varies for the
same hydrolyzed protein depending on the type of method adopted.
Yet there is no consensus on the methodology to determine the DH%,
so it is recommended to work with a standardized protocol to reach
the most reliable measurement of DH% and allow a correct compari-
son [8].

Molecular weight distribution of hydrolysates can be deter-
mined by several different methods such as GPC [19,20,31] HPLC
[14,22,33] and MS [34]. The peptides are usually grouped into differ-
ent kDa ranges with the use of standard proteins of known molecu-
lar weight. It should be noted that different GPC columns will show
different results for the same hydrolysate, therefore for comparison
purposes, hydrolysates should only be characterized using the exact
same column. This is also the case for molecular weight distribution
assessment using different analytical methods.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) followed by protein staining with e.g. Coomassie Blue (sen-
sitivity 30-100 ng protein) or silver staining (sensitivity 5-10 ng pro-
tein) can also be used to detect the presence of residual proteins and/
or peptides in a hydrolysate [14,19,33,35,36].

Antigenicity Assessment

Antigenicity refers to the capacity of protein epitopes to bind to
specific antibodies, in the used methods for allergen detection mostly
of the IgG (antigenic integrity) and IgE (allergenic integrity) class.
This binding capacity is used in both immunoblotting and ELISA.

For Immunoblotting polyclonal antiserum [37], monoclonal an-
tibodies specific to CM proteins [38] but mostly sera from CMA pa-
tients [19,35,36] are used to assess residual antigenicity. It should be
noted that a full characterization of the antibodies present in the CMA
sera is needed to guarantee antibodies against the studied CM proteins
are represented.

There are many commercially available ELISA kits for CM pro-
teins available, however the majority is developed to detect intact CM
in food stuff and none are specific for detection of allergenic pep-
tides in CM hydrolysates. This is a point quite often overlooked. Most
ELISAs are not validated for the specific hydrolysate of interest. For
example, formulas were tested by ELISA for BLG and casein proteins
using Ridascreen Fast test kits (R-Biopharm AG, Germany) [33].
However, when R-Biopharm validated the ELISA for Nutricia hydro-
lysates it was demonstrated that spike recoveries were very poor and
that the ELISA seem to be not suitable for testing these hydrolysates.
ALA was tested with the bovine alpha-lactalbumin ELISA quantita-
tion set (Bethyl Laboratories, USA) which is used for detection of
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ALA in milk and has not been tested for hydrolysates by the supplier.
In another study, several different commercially available hydroly-
sates were compared on antigenicity. Residual bovine allergen con-
tent was quantified by high-sensitivity ELISA BLG and casein (Eu-
rocloneSpA) and ALA (Cloud-Clone Corp) [32].The BLG and casein
ELISA from EurocloneSpA was not validated for hydrolysates by the
supplier or the independent lab (Neotron Spa Italia) and a pre-valida-
tion of these ELISAs by MérieuxNutriSciences showed that these are
not suitable to test Nutricia hydrolysates due to poor spike recoveries.
The ALA ELISA from Cloud-Clone is developed for the detection of
ALA in serum, plasma, breast milk, tissue homogenates, cell lysates,
and cell culture supernates and other biological fluids, but not food
matrixes. These ELISAs were used to assess antigenicity of a newly
developed hydrolysate [14]. The BLG ELISA from ELISA Systems
[38,39] was fully validated for Nutriciahy drolysates by Mérieux-
NutriSciences, however, when validating the casein Residue ELISA
from the same supplier for testing cross-contamination, this ELISA
was found not suitable for the same hydrolysates. The above studies
again stress the importance to validate each ELISA for each intend-
ed hydrolysate, especially when used for either comparing different
hydrolysates or for release of the hydrolysate products in the factory.

A peptide array is a collection of peptides displayed on a solid sur-
faceu sed to map antibody-binding epitopes or to find key residues for
protein binding, and has become a versatile tool for high throughput
screening assays in biomedical and pharmaceutical research. Peptide
arrays that contained linear peptide fragments reported as IgE-bind-
ing epitopes for CMA have been developed as well. Various peptides
with different solubility in aqueous solutions were dissolved in the
buffer solutions containing SDS, and the IgE-binding patterns were
detected by observing the binding of Alexa 647-labeled anti-human
IgE using sera from CMA patients. This provides a potent capability
for the development of a peptide array for mapping IgE-epitopes in
CM proteins and will help better understand the IgE-epitopes asso-
ciated with the clinical outcome of CMA [40]. It has been further
developed to detect IgG4-epitopes as well [41], to predict safety and
efficacy of e.g. oral immunotherapy with CM [42] and to evaluate
antigenicity of CM hydrolysates [43]. After full validation and a link
to clinical relevance this could be a promising technique to be used in
the near future.

Allergenicity Assessment

Allergenicity is the potential of a material to cause sensitization
and as a consequence allergic reactions, mostly associated with aller-
gen-specific IgE antibodies. The main advantage of assessing allerge-
nicity over antigenicity is the possibility to investigate the capacity of
a protein/peptide to cause an actual allergic reaction providing a more
biologically relevant prediction of allergenicity.

An in vitro model using huFceRIo-RBL-2H3 cells, sensitized with
an oligoclonal pool of chimeric human (chu)IgE antibodies covering
the allergenic epitopes of bovine B-lactoglobulin (BLG) was devel-
oped to assess the residual allergenicity of whey hydrolysates [44].
This in vitro model has been partly validated for the intra- and in-
ter-laboratory variation and showed that this degranulation assay is ro-
bust and reproducible within and between different laboratories [38].
This validation was performed with several different hydrolysates
(Friesland Campina and Nutricia) with known (pre)clinical allergic
outcomes. It was demonstrated that when the minus+10% degranula-
tion (variation of the assay) is used as cut-off value, all hydrolysates
with no clinical allergy symptoms were below this cut-of, whereas

all hydrolysates with known allergic reaction (pHFs) were above this
cut-off. This assay is currently used as a part of the safety strategy
by companies producing eHF for CMA infants [14,39]. However, in
some studies [14,32] the RBL-assay was adapted and the way the as-
say was performed and calculated/interpreted was different than how
the assay was developed and validated originally. In these studies a
reference curve of intact BLG was produced and samples were calcu-
lated with a 4-PL-fit to have a result in ‘allergenicity pg/ml’.The ref-
erence curve concentration is up to 1 ug/ml, whereas samples have a
concentration up to 10,000 pg/ml and makes extrapolation unreliable.
In a comparison of allergenicity of different hydrolysates [32] it is
demonstrated that hydrolysates with higher BLG ELISA results show
lower ‘allergenicity’ result than hydrolysates with low BLG ELISA
results. This indicates that these assays seem to be not complementary
and more validation should be performed and clinical relevance of the
‘allergenicity pg/ml’ should be assessed before the method is used to
compare different hydrolysates for their allergenic capacity.

The utility of a mouse basophil activation test (BAT) in the eval-
uation of residual allergenicity in hypoallergenic formulas was as-
sessed as well [45]. Whole blood samples derived from BLG or ca-
sein-immunized mice were incubated with intact CM formula, pHF
or eHF. Basophilic activation was analyzed by flow cytometry using
CD200R1 (IgE-dependent activation marker) and CD200R3 (IgG-de-
pendent activation marker). Intact CM formula induced pronounced
changes in marker expression on basophils and induced anaphylaxis,
pHF also induced basophilic activation and systemic anaphylaxis but
the magnitude of these effects was smaller than with intact CM for-
mula, whereas eHF did not elicit any changes in marker expression
and did not induce anaphylaxis. The mouse BAT might be a useful
tool for the evaluation of allergenicity of hydrolysate formulas, how-
ever, it would be difficult to standardize since whole blood samples of
immunized mice have to be used freshly for each experiment.

Closing Remark

As there is no single or series of method(s) available that are vali-
dated for testing of the different hypoallergenic formulas, it is recom-
mended that for any newly developed CM hydrolysate, manufactur-
ers assemble a toolbox or decision tree of in vitro methods, validated
specifically for the intended hydrolysate, to assess the presence of
residual protein/peptides, antigenicity and allergenicity [39]. As an
extra check on allergenicity an in vivo animal [39] can be considered,
however the final proof of hypoallergenicity is in its efficacy in the
target population and this has to be assessed and proven in a clinical
study [18] as proposed by the WAO and AAP.

References

1. Micinski J, Kowalskib IM, Zwierzchowskia G, Szarekc J, Pierozynski B,
et al. (2013) Characteristics of cow’s milk proteins including allergenic
properties and methods for its reduction. Polish Annals of Medicine 20:
69-76.

2. Monaci L, Tregoat V, van Hengel AJ, Anklam E (2006) Milk allergens,
their characteristics and their detection in food: A review. Eur Food Res
Technol 223: 149-179.

3. Kleinman RE, Bahna S, Powell GF, Sampson HA (1991) Use of infant
formulas in infants with cow milk allergy: A review and recommendations.
Pediatr Allergy Immunol 2: 146-155.

4. Motala C, Fiocchi A (2012) Cow’s milk allergy in children.

5. Nutrition Co (2000) American Academy of Pediatrics. Hypoallergenic
infant formulas. Pediatrics 106: 346-349.

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal

DOI: 10.24966/FSN-1076/100145

Volume 8 « Issue 3 » 100145


https://doi.org/10.24966/FSN-1076/100145
https://www.sciencedirect.com/science/article/abs/pii/S1230801313000155
https://www.sciencedirect.com/science/article/abs/pii/S1230801313000155
https://www.sciencedirect.com/science/article/abs/pii/S1230801313000155
https://www.sciencedirect.com/science/article/abs/pii/S1230801313000155
https://link.springer.com/article/10.1007/s00217-005-0178-8
https://link.springer.com/article/10.1007/s00217-005-0178-8
https://link.springer.com/article/10.1007/s00217-005-0178-8
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3038.1991.tb00200.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3038.1991.tb00200.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3038.1991.tb00200.x
https://pubmed.ncbi.nlm.nih.gov/10920165/
https://pubmed.ncbi.nlm.nih.gov/10920165/

Citation: Knipping K(2022) Residual Allergenicity Assessment of Cow’s Milk Hydrolysates. ] Food Sci Nutr 8: 145.

« Page 4 of 5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

Poms RE, Klein CL, Anklam E (2004) Methods for allergen analysis in
food: A review. Food AdditContam 21: 1-31.

Walker-Smith J (2003) Hypoallergenic formulas: Are they really
hypoallergenic? Ann Allergy Asthma Immunol 90: 112-114.

Rutherfurd SM (2010) Methodology for determining degree of hydrolysis
of proteins in hydrolysates: A review. ] AOAC Int 93: 1515-1522.

van der Ven C, Gruppen H, de Bont DBA, Voragen AGJ (2001) Reversed
phase and size exclusion chromatography of milk protein hydrolysates:
Relation between elution from reversed phase column and apparent
molecular weight distribution. Int Dairy J 11: 83-92.

Kirsch S, Fourdrilis S, Dobson R, Scippo ML, Maghuin-Rogister G,
et al. (2009) Quantitative methods for food allergens: A review. Anal
BioanalChem 395: 57-67.

Fox A, Brown T, Walsh J, Venter C, Meyer R, et al. (2019) An update
to the Milk Allergy in Primary Care guideline. ClinTransl Allergy 9: 40.

Oldzus G, Bjorkstén B, Einarsson R, Kjellman MN (1991) Antigenicity
and allergenicity of cow milk hydrolysates intended for infant feeding.
Pediatr Allergy Immunol 2: 156-164.

Niggemann B, von Berg A, Bollrath C, Berdel D, Schauer U, et al. (2008)
Safety and efficacy of a new extensively hydrolyzed formula for infants
with cowys milk protein allergy. Pediatr Allergy Immunol 19: 348-354.

Nowak-Wegrzyn A, Czerkies L, Kuslys M, Nutten S, Simons PJ, et al.
(2019) Hypoallergenicity of a whey-based, extensively hydrolyzed infant
formula prepared with nonporcine enzymes. Allergy 74: 1582-1584.

Giampietro PG, Kjellman NI, Oldaeus G, Wouters-Wesseling W, Businco
L (2001) Hypoallergenicity of an extensively hydrolyzed whey formula.
Pediatr Allergy Immunol 12: 83-86.

Verwimp JJ, Bindels JG, Barents M, Heymans HS (1995) Symptomatology
and growth in infants with cow»s milk protein intolerance using two
different whey-protein hydrolysate based formulas in a Primary Health
Care setting. Eur J ClinNutr 49: S39-48.

Halken S, Hest A, Hansen LG, Osterballe O (1993) Safety of a new,
ultrafiltrated whey hydrolysate formula in children with cow milk allergy:
A clinical investigation. Pediatr Allergy Immunol 4: 53-59.

Dahdah L, Roelofs M, Knipping K, De Vries E, Rijnierse A, et al. (2022)
Hypoallergenicity assessment of an extensively hydrolyzed whey-protein
formula in cow’s milk allergic infants. Pediatr Allergy Immunol3: e13814s.

IberoM, Bone J, Martin B, Martinez J (2010) Evaluation of an extensively
hydrolysed casein formula (Damira 2000) in children with allergy to cow’s
milk proteins. Allergologiaetimmunopathologia 38:60-68.

Terheggen-Lagro SW, Khouw IM, Schaafsma A, Wauters EA (2002) Safe-
ty of a new extensively hydrolysed formula in children with cow’s milk
protein allergy: A double blind crossover study. BMC pediatrics 2:10.

. Martin-Esteban M, Garcia-Ara MC, Banqué-Molas M, Boyano-Martinez

MT, Martin-Mufioz F, et al. (1998) Evaluation of an extensively hydro-
lyzed casein-whey protein formula in immediate cow’s milk protein hy-
persensitivity. J PediatrGastroenterolNutr 26: 398-401.

Devey ME, Anderson KJ, Coombs RR, Henschel MJ, Coates ME (1976)
The modified anaphylaxis hypothesis for cot death. Anaphylactic sensiti-
zation in guinea-pigs fed cow’s milk. ClinExpImmunol 26: 542-548.

Boner AL, Benedetti M, Spezia E, Piacentini GL, Bellanti JA (1992) Eval-
uation of the allergenicity of infant formulas in a guinea pig model. Annals
of allergy 68: 404-406.

van Esch BC, Schouten B, Hofman GA, van Baalen T, Nijkamp FP, et al.
(2009) Acute allergic skin response as a new tool to evaluate the allerge-
nicity of whey hydrolysates in a mouse model of orally induced cow’s milk
allergy. Pediatr Allergy Immunol 21: 26.

—

—_

25. van Esch BCAM, van Bilsen JHM, Gros-van Hest M, Kleinjans L, Belzer

C, et al. (2020) A multi-center assessment to compare residual allergenicity
of partial hydrolyzed whey proteins in a murine model for cow’s milk al-
lergy - Comparison to the single parameter guinea pig model. ToxicolLett
333:312-321.

. vanEsch BC, van Bilsen JH, Jeurink PV, Garssen J, Penninks AH, et al.

(2013)Interlaboratory evaluation of a cow’s milk allergy mouse model to
assess the allergenicity of hydrolysed cow’s milk based infant formulas.
ToxicolLett 220:95-102.

. Bogh KL, Barkholt V, Madsen CB (2015) Characterization of the immu-

nogenicity and allergenicityof two cow’s milk hydrolysates-A study in
Brown Norway rats. Scandinavian journal of immunology 81:274-283.

. Jensen LH, Larsen JM, Madsen CB, Laursen RR, Jacobsen LN, et al.

(2019) Preclinical Brown Norway rat models for the assessment of infant
formulas in the prevention and treatment of cow’s milk allergy. Int Arch
Allergy Immunol 178:307-314.

. Nutten S, Kuslys M, Maynard F, Affolter M, Heine RG, et al. (2018) Ex-

tensively hydrolysed infant formulas: Need for aligned definition of pep-
tide size characteristics and standardisation of analytical methods. Com-
ment 108:887-888.

. Poms RE, Anklam E, Kuhn M (2004) Polymerase chain reaction tech-

niques for food allergen detection. J AOAC Int 87:1391-1397.

. Rosendal A, Barkholt V (2000) Detection of potentially allergenic material

in 12 hydrolyzed milk formulas. J Dairy Sci 83:2200-2210.

. Nutten S, Maynard F, Jarvi A, Rytz A, Simons PJ, et al. (2020) Peptide

size profile and residual immunogenic milk protein or peptide content in
extensively hydrolyzed infant formulas. Allergy 75:1446-1449.

. Levin ME, Blackhurst DM, Kirstein F, Kok D, Van der Watt GF, et al.

(2017) Residual allergenicity of amino acid-based and extensively hydro-
lysed cow’s milk formulas. S Afr Med J 7:763-767.

. Lambers TT, Gloerich J, van Hoffen E, Alkema W, Hondmann DH, et al.

(2015) Clustering analyses in peptidomics revealed that peptide profiles of
infant formulae are descriptive. Food science & nutrition 3:81-90.

. Restani P, Velona T, Plebani A, Ugazio AG, Poiesi C, et al. (995) Evalua-

tion by SDS-PAGE and immunoblotting of residual antigenicity in hydro-
lysed protein formulas. ClinExp Allergy 25:651-658.

. Docena G, Rozenfeld P, Fernandez R, FossatiCA (2002) Evaluation of the

residual antigenicity and allergenicity of cow’s milk substitutes by in vitro
tests. Allergy 57:83-91.

. Gortler I, Urbanek R, Forster J (1995) Characterization of antigens and al-

lergens in hypo-allergenic infant formulae. European journal of pediatrics
154:289-294.

. Knipping K, van Roest M, Kruijssen L, Smits M, Teunis M, et al. (2016)

Intra- and inter-laboratory validation of an innovative huFcepsilonRIal-
pha-RBL-2H3 degranulation assay for in vitro allergenicity assessment of
whey hydrolysates. Toxicology in vitro:An international journal published
in association with BIBRA 33: 29-34.

. Knipping K, Buelens L (2022)Aniln vitro and in vivo translational re-

search approach for the assessment of sensitization capacity and residual
allergenicity of an extensive whey hydrolysate for cow’s milk-allergic in-
fants. Foods 11:2005.

. Matsumoto N, Okochi M, Matsushima M, Ogawa A, Takase T, et al.

(2009) Development of peptide arrays for detection of IgE-binding epi-
topes in cow’s milk allergens. J BiosciBioeng 107:324-330.

. Matsumoto N, Okochi M, Matsushima M, Kato R, Takase T, et al. ( 2009)

Peptide array-based analysis of the specific IgE and IgG4 in cow’s milk
allergens and its use in allergy evaluation. Peptides 30:1840-1847.

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal

DOI: 10.24966/FSN-1076/100145

Volume 8 « Issue 3 » 100145


https://doi.org/10.24966/FSN-1076/100145
https://pubmed.ncbi.nlm.nih.gov/14744677/
https://pubmed.ncbi.nlm.nih.gov/14744677/
https://pubmed.ncbi.nlm.nih.gov/12839124/
https://pubmed.ncbi.nlm.nih.gov/12839124/
https://academic.oup.com/jaoac/article/93/5/1515/5655787
https://academic.oup.com/jaoac/article/93/5/1515/5655787
https://www.sciencedirect.com/science/article/abs/pii/S0958694601000322
https://www.sciencedirect.com/science/article/abs/pii/S0958694601000322
https://www.sciencedirect.com/science/article/abs/pii/S0958694601000322
https://www.sciencedirect.com/science/article/abs/pii/S0958694601000322
https://pubmed.ncbi.nlm.nih.gov/19543718/
https://pubmed.ncbi.nlm.nih.gov/19543718/
https://pubmed.ncbi.nlm.nih.gov/19543718/
https://ctajournal.biomedcentral.com/articles/10.1186/s13601-019-0281-8
https://ctajournal.biomedcentral.com/articles/10.1186/s13601-019-0281-8
https://onlinelibrary.wiley.com/doi/10.1111/j.1399-3038.1991.tb00201.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1399-3038.1991.tb00201.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1399-3038.1991.tb00201.x
https://pubmed.ncbi.nlm.nih.gov/30897220/
https://pubmed.ncbi.nlm.nih.gov/30897220/
https://pubmed.ncbi.nlm.nih.gov/30897220/
https://pubmed.ncbi.nlm.nih.gov/11338291/
https://pubmed.ncbi.nlm.nih.gov/11338291/
https://pubmed.ncbi.nlm.nih.gov/11338291/
https://pubmed.ncbi.nlm.nih.gov/8647062/
https://pubmed.ncbi.nlm.nih.gov/8647062/
https://pubmed.ncbi.nlm.nih.gov/8647062/
https://pubmed.ncbi.nlm.nih.gov/8647062/
https://pubmed.ncbi.nlm.nih.gov/8353646/
https://pubmed.ncbi.nlm.nih.gov/8353646/
https://pubmed.ncbi.nlm.nih.gov/8353646/
file:///D:\Likhiitha%20herald\FSN\Articles\2022\Sep\HFSN-22-021\Hypoallergenicity%20assessment%20of%20an%20extensively%20hydrolyzed%20whey-protein%20formula%20in%20cow�s%20milk%20allergic%20infants
file:///D:\Likhiitha%20herald\FSN\Articles\2022\Sep\HFSN-22-021\Hypoallergenicity%20assessment%20of%20an%20extensively%20hydrolyzed%20whey-protein%20formula%20in%20cow�s%20milk%20allergic%20infants
file:///D:\Likhiitha%20herald\FSN\Articles\2022\Sep\HFSN-22-021\Hypoallergenicity%20assessment%20of%20an%20extensively%20hydrolyzed%20whey-protein%20formula%20in%20cow�s%20milk%20allergic%20infants
https://pubmed.ncbi.nlm.nih.gov/20015589/
https://pubmed.ncbi.nlm.nih.gov/20015589/
https://pubmed.ncbi.nlm.nih.gov/20015589/
https://pubmed.ncbi.nlm.nih.gov/12379156/
https://pubmed.ncbi.nlm.nih.gov/12379156/
https://pubmed.ncbi.nlm.nih.gov/12379156/
https://pubmed.ncbi.nlm.nih.gov/9580376/
https://pubmed.ncbi.nlm.nih.gov/9580376/
https://pubmed.ncbi.nlm.nih.gov/9580376/
https://pubmed.ncbi.nlm.nih.gov/9580376/
https://pubmed.ncbi.nlm.nih.gov/1009687/
https://pubmed.ncbi.nlm.nih.gov/1009687/
https://pubmed.ncbi.nlm.nih.gov/1009687/
https://pubmed.ncbi.nlm.nih.gov/1375004/
https://pubmed.ncbi.nlm.nih.gov/1375004/
https://pubmed.ncbi.nlm.nih.gov/1375004/
https://pubmed.ncbi.nlm.nih.gov/19563464/
https://pubmed.ncbi.nlm.nih.gov/19563464/
https://pubmed.ncbi.nlm.nih.gov/19563464/
https://pubmed.ncbi.nlm.nih.gov/19563464/
https://www.sciencedirect.com/science/article/pii/S0378427420301703
https://www.sciencedirect.com/science/article/pii/S0378427420301703
https://www.sciencedirect.com/science/article/pii/S0378427420301703
https://www.sciencedirect.com/science/article/pii/S0378427420301703
https://www.sciencedirect.com/science/article/pii/S0378427420301703
https://pubmed.ncbi.nlm.nih.gov/23618900/
https://pubmed.ncbi.nlm.nih.gov/23618900/
https://pubmed.ncbi.nlm.nih.gov/23618900/
https://pubmed.ncbi.nlm.nih.gov/23618900/
https://pubmed.ncbi.nlm.nih.gov/25619117/
https://pubmed.ncbi.nlm.nih.gov/25619117/
https://pubmed.ncbi.nlm.nih.gov/25619117/
https://pubmed.ncbi.nlm.nih.gov/30759437/
https://pubmed.ncbi.nlm.nih.gov/30759437/
https://pubmed.ncbi.nlm.nih.gov/30759437/
https://pubmed.ncbi.nlm.nih.gov/30759437/
https://pubmed.ncbi.nlm.nih.gov/30645952/
https://pubmed.ncbi.nlm.nih.gov/30645952/
https://pubmed.ncbi.nlm.nih.gov/30645952/
https://pubmed.ncbi.nlm.nih.gov/30645952/
https://pubmed.ncbi.nlm.nih.gov/15675451/
https://pubmed.ncbi.nlm.nih.gov/15675451/
https://pubmed.ncbi.nlm.nih.gov/11049059/
https://pubmed.ncbi.nlm.nih.gov/11049059/
https://pubmed.ncbi.nlm.nih.gov/31705686/
https://pubmed.ncbi.nlm.nih.gov/31705686/
https://pubmed.ncbi.nlm.nih.gov/31705686/
https://pubmed.ncbi.nlm.nih.gov/28875884/
https://pubmed.ncbi.nlm.nih.gov/28875884/
https://pubmed.ncbi.nlm.nih.gov/28875884/
https://pubmed.ncbi.nlm.nih.gov/25648153/
https://pubmed.ncbi.nlm.nih.gov/25648153/
https://pubmed.ncbi.nlm.nih.gov/25648153/
https://pubmed.ncbi.nlm.nih.gov/8521184/
https://pubmed.ncbi.nlm.nih.gov/8521184/
https://pubmed.ncbi.nlm.nih.gov/8521184/
https://pubmed.ncbi.nlm.nih.gov/11929409/
https://pubmed.ncbi.nlm.nih.gov/11929409/
https://pubmed.ncbi.nlm.nih.gov/11929409/
https://pubmed.ncbi.nlm.nih.gov/7607279/
https://pubmed.ncbi.nlm.nih.gov/7607279/
https://pubmed.ncbi.nlm.nih.gov/7607279/
https://www.sciencedirect.com/science/article/abs/pii/S0887233316300339
https://www.sciencedirect.com/science/article/abs/pii/S0887233316300339
https://www.sciencedirect.com/science/article/abs/pii/S0887233316300339
https://www.sciencedirect.com/science/article/abs/pii/S0887233316300339
https://www.sciencedirect.com/science/article/abs/pii/S0887233316300339
https://www.mdpi.com/2304-8158/11/14/2005
https://www.mdpi.com/2304-8158/11/14/2005
https://www.mdpi.com/2304-8158/11/14/2005
https://www.mdpi.com/2304-8158/11/14/2005
https://pubmed.ncbi.nlm.nih.gov/19269601/
https://pubmed.ncbi.nlm.nih.gov/19269601/
https://pubmed.ncbi.nlm.nih.gov/19269601/
https://pubmed.ncbi.nlm.nih.gov/19619602/
https://pubmed.ncbi.nlm.nih.gov/19619602/
https://pubmed.ncbi.nlm.nih.gov/19619602/

Citation: Knipping K(2022) Residual Allergenicity Assessment of Cow’s Milk Hydrolysates. ] Food Sci Nutr 8: 145.

« Page 5 of 5.

42. Martinez-Botas J, Rodriguez-Alvarez M, Cerecedo I, Vlaicu C, Dieguez  44. Knipping K, Simons PJ, Buelens-Sleumer LS, Cox L, den Hartog M, et

MC, et al. (2015) Identification of novel peptide biomarkers to predict al. (2014) Development of beta-lactoglobulin-specific chimeric human
safety and efficacy of cow’s milk oral immunotherapy by peptide microar- IgEkappa monoclonal antibodies for in vitro safety assessment of whey
ray. ClinExp Allergy 45:1071-1084. hydrolysates. PloS one 9:¢106025.

43. Kubo C, Kurimoto M, Tanaka M, Ochi H, Abe F, et al. (2020) Peptide ar-  45. Iwamoto H, Matsubara T, Nakazato Y, Namba K, Takeda Y (2016) Evalu-
ray-based inhibition ELISA for evaluating antigenicity in infant formulas. ation of the antigenicity of hydrolyzed cow’s milk protein formulas using
J BiosciBioeng 139:374-381. the mouse basophil activation test. ToxicolLett242:53-59.

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal Volume 8 ¢ Issue 3 + 100145

DOI: 10.24966/FSN-1076/100145


https://doi.org/10.24966/FSN-1076/100145
https://pubmed.ncbi.nlm.nih.gov/25772539/
https://pubmed.ncbi.nlm.nih.gov/25772539/
https://pubmed.ncbi.nlm.nih.gov/25772539/
https://pubmed.ncbi.nlm.nih.gov/25772539/
https://www.sciencedirect.com/science/article/abs/pii/S1389172320302619
https://www.sciencedirect.com/science/article/abs/pii/S1389172320302619
https://www.sciencedirect.com/science/article/abs/pii/S1389172320302619
https://pubmed.ncbi.nlm.nih.gov/25153680/
https://pubmed.ncbi.nlm.nih.gov/25153680/
https://pubmed.ncbi.nlm.nih.gov/25153680/
https://pubmed.ncbi.nlm.nih.gov/25153680/
https://pubmed.ncbi.nlm.nih.gov/26626100/
https://pubmed.ncbi.nlm.nih.gov/26626100/
https://pubmed.ncbi.nlm.nih.gov/26626100/

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | [ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | [ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654
Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493
Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044

Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_Hlk107315786
	_Hlk107315706

