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Abstract Milk allergy is the most frequent food allergy in
childhood. Even though cases of newly developed milk
allergy in adulthood are known, this allergy is less frequent
in adults since it is normally outgrown by children during the
first years of life. One of the reasons why allergy to cow’s milk
shows its highest prevalence in children is its early introduc-
tion into the diets of babies when breast feeding is not
possible. The major allergens are caseins and β-lactoglobulin,
but allergies to other minor proteins (immunoglobulins,
bovine serum albumin) have also been reported. Milk
allergenicity can be reduced by various treatments (mainly
hydrolysis), meaning that formulas based on cow’s milk can
often be safely fed to children allergic to milk proteins. Cross-
reactivity has been described between different mammalian
milks and between milk and meat or animal dander. Cross-
contamination can result from inadequate cleaning of indus-
trial equipment and constitutes a hidden danger for allergic
subjects who unknowingly ingest milk proteins.

Keywords Milk allergy . Caseins .Whey proteins . Serum
albumins . Cross-reactivity . Technological treatments

Introduction

Cow’s milk is a common cause of food allergy in
childhood. Most children outgrow the disease during the
first years of life, but cow’s milk allergy does sometimes
persist or can newly develop in adulthood.

Milk contains approximately 20 different proteins that
can potentially be involved in allergic sensitization, but
only a few milk proteins are recognized as being major
allergens; some are considered to be minor allergens, while
a tiny number have rarely been described as being
responsible for clinical reactions.

Cow’s milk protein composition and known allergens

The protein composition of cow’s milk [1] and the names of
allergens included in the official international list [2] are
shown in Table 1. Milk proteins are classified as caseins or
whey proteins. The casein fraction constitutes up to 80% of
the total protein and contains αs1-, αs2-, β- and κ-caseins as
independent milk protein components and three γ-caseins
deriving from the hydrolysis of β-casein. γ1, γ2 and γ3

represent, respectively, the sequences 29–209, 106–209 and
108–209 of β-casein [3]. γ-Caseins are present in milk in
minute quantities, while they are abundant in cheeses
characterized by proteolytic ripening (such as Grana
cheese). Whey proteins are less abundant (20% of the total
protein) and β-lactoglobulin is the main component (up to
50% of whey proteins).

When appropriate, milk proteins are also classified
using the allergen nomenclature, an international code
containing the taxonomic name of the animal considered
(Bos d is Bos domesticus), and a number indicating the
chronological order in which the allergen was identified as
such (Bos d 4–8). Bos d 1–3 are not involved in food
allergies and so they will not be considered in this review.
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Cow’s milk proteins and clinical reactions

Since β-lactoglobulin is absent from human milk, this
protein was formerly considered to be the most important
cow’s milk allergen, but it was later shown that other
proteins, including caseins, are also critical milk allergens.

Figure 1 illustrates the involvement of the most abundant
proteins in the sensitization of 80 children. These data are
based on the results of three different diagnostic tests
performed in different clinical studies including children/
teenagers (0–16 years old) who were severely allergic to
cow’s milk, namely the skin prick test (SPT), which
measures skin-specific IgEs, the CAP test (CAP), and
immunoblotting (IMM); the latter two measure specific
circulating IgEs.

Eligibility for the considered clinical studies was limited
to patients with immediate reactions confirmed by positive
cow’s milk double-blind, placebo-controlled food challenge
or anaphylaxis in the two months prior to enrollment.
Clinical symptoms were: 12.8% anaphylaxis, 25.6% urti-
caria, 20.8% asthma, 19.2% gastrointestinal symptoms,
8.8% angioedema; 7.2% rhinitis, 1% laryngospasm.

Positive responses shown in the upper half of Fig. 1 include
both mild and severe reactions, corresponding to wheal

diameter ≥ 3 mm in the SPT, kU/L≥0.35 in the CAP test,
and classes 1–6 in IMM. All of the proteins assayed induced
sensitization in the 80 children considered. Immunoblotting
data for single caseins and serum albumin (BSA) are also
shown. The percentage of children reacting in the SPT was
87.5% for β-LG, 88.8% for α-LA, and 90% for total caseins;
in the CAP test 72.5% reacted to β-LG, 76.3% to α-LA, and
77.5% to total caseins; in immunoblotting 35% reacted to β-
LG, 62.5% to α-LA, 63.8% to total caseins (61.3% to α-cas
and 45% to β-cas), and 61.3% to BSA.

The lower half of Fig. 1 shows only the highest degrees
of reactivity, i.e., wheal diameter > 5 mm in the SPT,
kU/L>5 in the CAP test, and classes 3–6 in immunoblot-
ting. This further classification was adopted because a
higher concentration of IgE antibodies and larger SPT
wheal size correlate with an increasing risk of a clinical
reaction [4]. The percentages of children reacting positively
according to these criteria were of course lower: 55% for α-
LA, 60% for β-LG and 73.8% for total caseins in SPT,
while in the CAP test the percentages were very much
lower: 36.3% for α-LA, 27.5% for β-LG and 40% for total
caseins, and in immunoblotting the percentages decreased
to 25% for α-LA, 21.3% for β-LG, 60% for total caseins
(56.3% α-cas and 37.5% β-cas), and 22.5% for BSA. Data

Table 1 Chemical characteristics of cow’s milk proteins and their inclusion in the official list of allergens

 
Fraction 

 
Protein 

 
Allergen 

name 

 
g/L 

% 
total 

protein 

 
MW 

(kDa) 

 
Number 

of aa 

 
pI 

Caseins   ~30 80   

 alphas1-casein 29 23.6 199 4.9-5.0

 alphas2-casein 3-4   8 25.2 207 5.2-5.4 

 beta-casein 9-11 27 24.0 209 5.1-5.4

 gamma1-casein 

gamma2-casein 

gamma3-casein 

 

1-2 

   

6 

20.6 

11.8 

11.6 

180 

104 

102 

5.5 

6.4 

5.8 

 kappa-casein 

 

 

Bos d 8 

3-4 19.0 169 5.4-5.6

Whey proteins     ~5.0 20    

 alpha-lactalbumin Bos d 4 1-1.5   5   14.2 123 4.8 

 beta-lactoglobulin Bos d 5 3-4 10   18.3 162 5.3 

 immunoglobulins Bos d 7 0.6-1.0   3 160.0 - - 

 bovine serum albumin Bos d 6 0.1-0.4   1   67.0 583 4.9-5.1 

 lactoferrin  0.09   traces 800.0 703 8.7 

Total proteins   36.0 100    

 12-15 

 10 

Data from [1–3]
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from the CAP test and immunoblotting are similar since
both assays measure specific circulating IgEs, while the
percentage of positive subjects in the SPT (which measures
skin-specific IgEs) remains higher. Discrepancies between
different diagnostic tests are well known and are described
in a recent review [5].

All of the proteins seem to be involved in skin reactions
(SPT), but caseins seem to be responsible for the strongest
systemic (circulating IgEs) sensitizations. Unfortunately, for
practical and ethical reasons, these data cannot be con-
firmed through oral challenge with purified proteins.

Stability of cow’s milk allergens to technological
treatments and clinical aspects

Heating processes

Cow’s milk is commonly available only after it has been
subjected to some technological process, usually involving
heating.

Pasteurization, for example, reduces the viability of
microorganisms in milk, eliminating those with pathogenic

potential; temperatures below the boiling point are used,
usually 70–80 °C for 15–20 s. The product has a short
shelf-life, and must be consumed within 4–6 days of the
treatment.

Ultra-high-temperature processing (UHT) completely
sterilizes milk by eliminating not only microorganisms but
also spores. The treatment, performed at temperatures
exceeding 100 °C for a few seconds, provides a shelf-life
of at least three months.

Evaporation for the production of powdered infant
formula is achieved through either a dry blending process
or a wet mixing–spray drying process. Some manufacturers
use a combination of these processes. Relatively high
temperatures are needed for spray drying operations, but
the consequent heat modification of the proteins is only
slightly greater than in the processing of liquid milk
because there is an evaporative cooling effect during the
critical drying period and the subsequent time of exposure
of the dry material to high temperatures may be very short.

Heating has only a small effect on the antigenic/
allergenic potential of cow’s milk proteins, even though
some authors have shown a reduction in whey protein
antigenicity. Norgaard et al. [6] performed the SPTafter milk

Fig. 1 Involvement (expressed
as percentage of total subjects)
of the most abundant milk pro-
teins in the sensitization of 80
children allergic to cow’s milk.
The upper panel includes all
positive responses, even minor
ones; data in the lower panel are
restricted to the most severe
positive responses (see text for
details). SPT, skin prick test;
CAP, CAP test; IMM,
immunoblotting; alpha-LA,
α-lactalbumin; beta-LG,
β-lactoglobulin; cas, caseins;
BSA, bovine serum albumin
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had been boiled for 10 and 2 min in eight adult subjects with
positive responses to oral challenge. Boiling milk for 10 min
(but not for 2) eliminated the SPT responses in subjects
reactive to BSA and β-lactoglobulin, whereas wheal diameter
remained positive in those sensitized to caseins. Other studies
showed no difference in antigenicity when raw and heated
milks were compared [7], and in some cases the production
of new protein polymers capable of binding specific IgEs
was clearly demonstrated. Restani et al. [8] showed that after
boiling BSA at 100 °C for 10 min, the quantity of dimeric,
trimeric and higher polymeric forms increased, all maintain-
ing their IgE-binding properties.

The persistence of allergenicity in heat-treated milk is
confirmed by the fact that sensitization to milk develops
after consumption of heat-treated milk, the only kind that is
available to most consumers. Furthermore, heating process-
es can only modify conformational epitopes, which might
lose their binding capacity to specific IgEs, but linear
epitopes are not affected by structural changes and maintain
their allergenic potential after heating. Milk proteins
contain both types of epitopes and, even though a slight
reduction of antigenicity can be observed with whey
proteins, insignificant alterations in binding properties are
reported with caseins.

Some authors have shown [10] that vigorous heating,
such as that used for certain sterilization processes (121 °C
for 20 min) but also the less drastic pasteurization process,
may actually enhance some allergenic characteristics. More-
over, Fenaille et al. [11] demonstrated that milk proteins
could be oxidized during industrial treatments, resulting
in the formation of modified/oxidized amino acid
residues, particularly in β-lactoglobulin, which may be
responsible for the development of new immunologically
reactive structures.

Microfiltration

A relatively new technological approach has been included
among industrial processes applied to milk: microfiltration.
The most common application is the removal of bacteria
and spores from pasteurized milk to yield an extended
shelf-life (10 instead of 4–6 days). Different microfiltration
membranes can also be used to separate casein from whey
proteins in order to obtain casein-rich milk concentrates,
which can be used in cheese-making.

The process has no effect on allergenicity. Although
fractionation of proteins by microfiltration could permit the
formulation of products for subjects specifically sensitized
to one type of protein fraction (casein or whey protein), the
approach has little chance of success, as patients allergic to
cow’s milk normally show polysensitivity to all of the main
milk proteins, and in any case the presence of a residual
quantity of casein in whey proteins, and vice versa, would

be risky for the most sensitive subjects. Complete separa-
tion by this method is too complicated and expensive.

Hydrolysis

Two kinds of hydrolytic processes can be applied to
milk, those involving the carbohydrate (lactose) or the
protein fraction. The lactose-free product has been
studied for subjects suffering from lactose intolerance
and cannot be consumed by allergic subjects, but protein
hydrolysis has been successfully used to develop hypo-
allergenic formulas.

Several cow’s milk protein hydrolysates produced by the
action of various food-grade enzymes on isolated caseins or
whey proteins are present on the international market.
These formulas are classified as partial or extensive hydro-
lysates according to the molecular weight of the peptides
derived. Only extensively hydrolyzed products can be
considered sufficiently safe for allergic patients, and their
use is often recommended as a first alternative in children
with a confirmed diagnosis of cow’s milk allergy. Extensive
hydrolysates of both casein and whey protein show a
similar clinical tolerance [13, 14].

As a small amount of undigested protein can remain after
the proteolytic process [15], a series of combined treatments
is normally used to improve the safety of the final products:
heat treatment and ultrafiltration are the most widely applied
of these. Ultrafiltration is normally capable of removing all
undigested proteins from the filtrate [16], which is then used
to prepare hypoallergenic infant formulas. High pressure can
also be applied during the proteolytic processes: different
authors [16–20] have shown that the antigenic potential of
β-lactoglobulin is strongly reduced when proteolysis is
performed under high pressure (~300 MPa). Less satisfacto-
ry results are obtained when high pressure is applied before
starting the enzymatic attack.

Figure 2 shows the protein profiles of different commer-
cial milk-based products (panel A) and the corresponding
binding capacity to anti-β-lactoglobulin monoclonal anti-
bodies (panel B) or IgEs contained in the serum of a child
severely allergic to cow’s milk (panel C). No significant
reduction in antigenicity is shown in cow’s milk after
pasteurization, sterilization, microfiltration or lactose hy-
drolysis, while immunoreactivity was reduced or eliminated
in partially and extensively hydrolyzed formulas.

Cross-reactivity and associated clinical aspects

There are three possible types of cross-reaction in subjects
suffering from cow’s milk allergy: 1) between milks from
different animal species; 2) between milk and other foods;
3) between milk and other allergenic sources.

P. Restani et al.



Cross-reactivity between milks from different animal
species

Cross-reactivity is associated with similarity of three-
dimensional protein conformations (conformational epito-
pes) or similarity of critical amino acid sequences (linear/
sequential epitopes). Cross-reactivity between proteins from
different species (both animals and vegetables) depends in
general on phylogenetic relationships. Vertebrate homolo-
gous proteins are often cross-reactive [21]. The complete
taxonomy of the cow (Bos domesticus) is illustrated in
Table 2 [22–24], while the simplified taxonomies of the
most common domestic mammalian species are compared
in Table 3. All species illustrated have a common taxonomy
up to the class of Mammalia or the superorder of
Laurasiatheria, depending on whether one includes human
beings or not. A further taxonomic difference can be
observed in the order: horse and donkey are Perissodactyla
rather than Artiodactyla, and only four species have the
same family classification (cow, buffalo, sheep and goat).

The taxonomic classification leads to similarities and
differences in the corresponding milks:

– The total protein content in milk from Artiodactyla is
higher than it is in milk from Perissodactyla

– The ratio of casein to whey protein is very similar
among Bovidae, with values close to 80:20

– The milk from Equidae has a lower total protein
content (similar to human milk) and a lower ratio of
casein to whey protein.

Table 3 also shows the percentage homology between
each cow milk protein and the milk proteins from other
animal species, including humans. Data were obtained from
the Expasy website, using the SIM alignment tool for
protein sequences [32].

  PM       UHT        DL         MF        PWI         ECI    EWI      Cas        βLG

αLA

PM       UHT        DL         MF        PWI         ECI    EWI      Cas        βLG

αLA 

α-cas
β-cas

β-LG

α-LA

β-LG

A

B

C

BSA

β-LG

α-cas

Fig. 2 SDS-PAGE of cow’s milk subjected to different technological
treatments (A), and corresponding immunoblottings obtained by
incubation with anti-β-LG monoclonal antibodies (B) and with the
serum of a child severely allergic to cow’s milk (C). PM, pasteurized
milk; UHT, sterilized milk; DL, delactosed milk; MF, microfiltrated
milk; PWI, partially hydrolyzed whey protein formula; ECI, exten-
sively hydrolyzed casein formula; EWI, extensively hydrolyzed whey
protein formula; Cas, total caseins; α-LA, α-lactalbumin; β-LG, β-
lactoglobulin; BSA, bovine serum albumin

Table 2 Taxonomy of Bos taurus/domesticus

Taxonomy Classification

Superkingdom Eukaryota

Kingdom Metazoa

Phylum Chordata

Subphylum Craniata

Class Mammalia

Superorder Laurasiatheria

Order Artiodactyla

Suborder Ruminantia

Infraorder Pecora

Family Bovidae

Subfamily Bovinae

Genus Bos

Species B. taurus/domesticus

Molecular aspects of milk allergens and their role in clinical events
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The highest homologies are observed between the milk
proteins of cows and other Bovidae, being on average
96.1% for buffalo, 91.1% for sheep and 87.6% for goat.

Lower sequence similarities are associated with the
milks from Suidae (pigs and boars, 64.2%), Equidae (horse
62.4% and donkey 62.8%), Camelidae (dromedary 60.0%)
and humans (58.4%).

These data perfectly reflect the results of in vitro tests in
which milks from different animal species are incubated
with polyclonal or monoclonal antibodies produced
against cow’s milk proteins. The protein electrophoretic
profiles of milks from different mammalian species are
shown in Fig. 3 (panel A). All milks from Bovidae show
similar protein patterns but different relative distributions.
In particular, goat’s milk shows the well-known relative
deficiency in α-casein. Camel/dromedary’s milk is char-
acterized by a very high proportion of β-casein as well as
an absence of β-lactoglobulin (in common with human
milk).

Horse (mare) and donkey milks have different protein
distributions from cow’s milk, with a lower proportion of
caseins and a higher number of electrophoretic bands of
whey proteins. Figure 3 (panels B and C) illustrates the
result of incubating two membranes containing the same
protein pattern as shown in panel A with an anti-β-LG
monoclonal antibody (panel B) and a polyclonal antibody
specifically developed against total caseins (panel C).
Both antibodies strongly react with proteins from
buffalo, goat and sheep milks, while very mild immuno-
reactivity is observed with camel, horse and donkey
milks. Similar results were obtained with other anti-cow’s
milk protein antibodies and human sera from allergic
subjects [33, 34].

An analogous pattern of cross-reactivity has been reported
in clinical studies where milks from different animal species
were tested for significant allergic reactions or for their
tolerance in children allergic to cow’s milk proteins.

No clinical study has been published on the tolerance or
intolerance to buffalo milk of subjects who are allergic
cow’s milk, probably because of a general awareness of the
high homology between these two animal species and the
usual avoidance of buffalo milk derivatives (the most
common being mozzarella) by allergic subjects. On the
other hand, when an anaphylactic shock developed in a 70-
year-old German eating buffalo mozzarella cheese in Italy
[35], the subject was found to be specifically allergic to
buffalo milk without sensitization to cow’s milk (measure-
ment of circulating IgEs against caseins and whey proteins,
SPT and labial provocation).

Goat’s milk, suggested as a safe alternative to cow’s milk
since it contains a lower quantity of α-casein, is the subject of
intense discussion and the clinical results are controversial. A
study in France showed 93% of 55 children allergic to cow’s
milk tolerated goat’s milk for periods ranging from 8 days to
1 year [34], but several authors showed the opposite, with a
low percentage (20–25%) of tolerance [36–40]. Sheep’s milk
has rarely been assayed for tolerance by subjects allergic to
cow’s milk; its use should be limited, because of its high
homology with goat’s milk, to well-defined clinical cases
who are being monitored by allergologists.

Cow    Buffalo   Sheep   Goat   Horse  Donkey  Camel   Human    βLG    Cas 
 

     Cow    Buffalo   Sheep    Goat    Horse   Donkey   Camel   Human    βLG     Cas 

    Cow   Buffalo    Sheep    Goat      Horse   Donkey  Camel   Human    βLG      Cas

α-cas
β-cas

β-LG

α-LA

β-LG

A

B

C

α-cas
β-cas

Fig. 3 SDS-PAGE of milk from different mammalian species (A),
and corresponding immunoblottings obtained by incubation with an
anti-β-lactoglobulin monoclonal antibodies (B) and anti-total casein
polyclonal antibodies (C). α-cas, α-casein; β-cas, β-casein; α-LA, α-
lactalbumin; β-LG, β-lactoglobulin
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Several case reports indicate that IgE-mediated sensiti-
zation and allergic reactions to sheep’s and goat’s milks can
occur in children and adults who are tolerant of or not
significantly sensitized to cow’s milk [41–43]. A further
important clinical consideration is a possible reaction to
goat or sheep milks during the period of specific oral
tolerance induction (SOTI) to cow’s milk, which is often
undertaken when an allergy to cow’s milk does not evolve
towards tolerance from the age of four—in other words,
when this allergy is considered persistent [44, 45].
Although this practice is still discussed and not universally
accepted, the results of this procedure are often described as
being good, and patients are eventually able to follow a diet
without any cow’s milk restrictions. Although it seems
logical to suppose that induced artificial tolerance to cow’s
milk proteins could extend to all dairy proteins regardless
of their animal origin, some patients treated in this way and
tolerating up to 200 mL of cow’s milk suffered severe
allergic reactions after having eaten goat [46] and sheep
cheese (unpublished data from the authors).

Better clinical results were obtained using milks from
mammals that are more phylogenetically distant from
Bovidae, such as horse, donkey and camel. Businko et al.
[47] showed that mare’s milk was a good dietetic substitute
in 24/25 children with severe cow’s milk allergy. However,
a supervised oral challenge is strongly recommended
during such a trial in order to confirm the tolerance, since
there was one case of a reaction to mare’s milk during oral
challenge in the same study, and other clinical cases have
been reported when there was no cow’s milk allergy [48].

Monti et al. [49] showed that 38 out of 46 children
allergic to cow’s milk tolerated donkey’s milk at oral
challenge and for the entire period of follow-up.

Finally, camel milk has been suggested as a possible
alternative in allergic subjects on the basis of in vitro [33,
34] and in vivo [50] studies. Shabo et al. [50] showed good
tolerance and fast recovery in eight children suffering from
food (mainly milk) allergy who had not benefited from
more conventional dietetic approaches. The homology with
proteins from cow’s milk is only 60%, the lowest level of
similarity among the species considered. Camel and
dromedary ruminate, but they are not as ruminant as
Bovidae; their milk compositions are affected by these
physiological differences, and in particular they are free
from β-lactoglobulin. Although it would be interesting
from a biochemical point of view, no study has been
performed on the sow’s milk tolerance of patients allergic
to cow’s milk.

Cross-reactivity between milks and other foods

Subjects allergic to cow’s milk cannot consume milk
derivatives (cheese, yoghurt, milk-based ice cream, etc.);

even in the case of cheeses such as Grana cheese,
where significant proteolysis develops during the ripen-
ing period, the tolerance is negligible. The risk
associated with the consumption of milk derivatives is
well known to allergic subjects who spontaneously
avoid these foods.

However, because there are several specific sensitiza-
tions to milk from species other than cow, and there are
hundreds of different types of cheese on the international
market, it is essential to know the animal from which the
cheese is derived [51].

Greek feta cheese can be made from cow, ewe, or goat
milk; pecorino comes from ewe milk; ricotta from cow or
ewe milk; and mozzarella from cow, ewe, or buffalo milk.
Less common sources of milk used in cheese production
include camel, mare, reindeer, and yak.

Minute amount of caseins and whey proteins can be
present in butter and cream, and their inclusion in or
exclusion from hypoallergenic diets depends on the specific
reactivity of each patient.

The prevalence of beef allergy in patients suffering from
cow’s milk allergy has been considered in a few studies; the
number of subjects included is usually limited, and this
double reactivity is rarely evaluated by oral challenge. The
prevalence in two papers was 13.35% [52] and 20% [53].
An accurate clinical study by Martelli et al. [54] showed
that among 28 children allergic to beef, 26 were allergic to
cow’s milk and presented a positive STP response to BSA.
The two children allergic to beef but tolerant of cow’s milk
did not react positively to BSA, which indicates that this
allergen is the main predictive marker of sensitization to
both cow’s milk and beef.

Cross-reactivity between milk and corresponding animal
dander

BSA is also involved in the cross-reactivity between cow’s
milk and cow’s dander [55, 56]. Native serum albumin in
epithelia is an important allergen in patients with persistent
cow’s milk allergy and circulating IgEs to BSA. These
patients should avoid meat and furry pets in order to reduce
the risk of allergic and respiratory symptoms [56].

A clinical reaction to mare’s milk observed in a 30-year-old
woman with no history of cow’s milk allergy was associated
with sensitization to the main horse-dander allergen
corresponding to serum albumin, known as Equ c 3 [48].

Cross-contamination and unexpected presence of milk
in foods

Cross-contamination is well known in the food industry and
several guidelines have been published aimed at minimiz-
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ing the problem when the same equipment is used to
process different foods. Particular attention has been paid to
milk, as it is an ingredient that is widely used in food
preparations: traces of milk have been detected in foods
where milk is not included in the list of ingredients. Since
no threshold amount has been established that can be
considered safe for the most sensitive patients, the role of
these minute amounts in clinical events is still under debate.
A common example of cross-contamination is the presence
of traces of cow’s milk in dark chocolate.

There are other foods where the presence of milk
proteins is often declared but not suspected by consumers.
Milk can be found in hamburger steak, hot dogs, sausages,
and natural flavorings (caramel flavoring, coconut cream
flavoring, etc.). Preparations of probiotics should be
consumed by allergic subjects only where the absence of
milk is certified, since various authors have shown that
allergic children can worsen their symptoms after the
consumption of commercial probiotic preparations [57–59].

Finally, aids to the processing of food and drink must be
maintained under strict control. The labeling of processing
aids is not usually compulsory since they are not supposed
to remain in the final product. As an example, residual
caseinates used in wine clarification can produce clinical
reactions to allergens that are difficult to identify. This
problem is now the subject of international research aimed
at protecting the most sensitive allergic patients.

Concluding remarks and future approaches

Milk allergy is considered to be an increasing problem in
infancy. The acquisition of new biochemical knowledge is
crucial to addressing both the clinical and nutritional
problems of allergic subjects. It is desirable to develop
new food technologies or to combine known chemical or
physical processes in order to obtain products that are free
from residual antigenic activity, and to study milk from less
familiar mammals (mare, camel, etc.) in clinical studies
aimed at evaluating their tolerance.

Finally, allergologists must take into account different
patterns of sensitization and cross-reactivity when defining
the best dietetic approach for each subject.
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