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Meat Allergy: II - Effects of Food Processing and
Enzymatic Digestion on the Allergenicity of Bovine and

Ovine Meats
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Corrado L. Galli, PhD, and Marcello Giovannini, MD, FACN
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Objectives: This study was designed to evaluate whether peptic treatment of BSA and OSA affects their
allergenicity and to evaluate the effect of technological treatments of meat for infant feeding on the allergenicity
of these proteins.

Subjects: Twelve children (8 males and 14 females) suffering from atopic dermatitis (AD), aged 12 months
to 4.33 years (mean age 2.21 * 1.05 years).

Study Design and Methods: Children suffering from atopic dermatitis (AD), clinically reactive and
SPT-positive to beef, underwent skin prick testing (SPT) and radioallergosorbent test (RAST) with BSA and
OSA, before and after peptic treatment. They were tested also with commercially available homogenized bovine
meat (HBM) and with freeze-dried bovine (FDBM) and ovine (FDOM) meats. Peptic digestion of BSA and OSA
was carried out in a Dubnoff’s water bath containing 0.05 mg/ml of pepsin. SPT and RAST were performed for
1 mg/m! of BSA and OSA digested 5 minutes, 2 hours and 4 hours with pepsin; homogenized bovine meat, and
FDBM and FDOM. SPT results were expressed as diameters (in mm) of the wheal obtained after SPT; a diameter
=3 mm was considered as positive. RAST was considered positive for IgE values 5 > Ul/ml.

Results: SPT to native BSA and OSA were positive in all patients. Only 2 of the 12 children were
SPT-positive to HBM, FDBM, and FDOM. After digestion, SPTs and were positive as follows: for BSA, 4/12
after 5 minutes peptic treatment, 2/12 after 2 hours and 2/12 after 4 hours; for OSA, 3/12 after 5 minutes peptic
treatment, none after 2 and 4 hours. None of RASTs was positive after peptic attack.

Conclusions: Both proteolytic digestion and technological treatment reduced the allergenic potential of meat

products.

INTRODUCTION

In a previous paper [1], we reported data supporting the role
of bovine serum albumin (BSA) and ovine serum albumin
(OSA) in the allergenicity of beef and lamb, respectively. A
cross-reactivity between the two serum albumins was also
suggested.

In a double-blind placebo controlled food challenge (DB-
PCFC), the detection of specific IgE for BSA and OSA by skin
prick test (SPT) and radioallergosorbent test (RAST), in chil-
dren suffering from atopic dermatitis (AD), was not always
associated with clinically relevant symptoms [1]. The lack of

correlation between SPT and food challenge responses has also
been reported by other authors [2].

If serum albumins are the most important meat allergens,
their denaturation by heating (cooking) and/or enzymatic pro-
teolysis (digestion) could explain why many children, showing
specific IgE, are clinically tolerant to meat. To date, little is
known about the effects of food processing (i.e., heating, ho-
mogenization and freeze-drying) or enzymatic attack on meat
allergy. However, clinical tolerance to the ingestion of cooked
fish has been previously described in subjects with immuno-
logical evidence of antibodies for antigen M, which is present
in all types of fish [3,4].
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On the basis of the hypothesis that the technological pro-
cesses and/or the enzymatic digestion could modulate the al-
lergenicity of meat proteins, we report data on the SPT- and
RAST-responses to technologically-treated meat samples, and
to BSA or OSA before and after enzymatic attack. Since lamb
is often proposed as a substitute for beef and milk substitute
[5,6] in atopic children, we investigated whether a different
pattern of serum albumin gastrointestinal proteolysis could
justify the different allergenic potential of bovine and ovine
derivatives.

CLINICAL DATA AND METHODS

The selection of bovine meat-SPT-positive children was
performed during the period October 1, 1991 to the February
29, 1992, starting from a group of 134 children suffering from
AD. Of these, 38 (21 males and 17 females) were SPT-positive
to cow’s milk. Their ages ranged from 9 months to 8 years
(average 2.97 * 2.76). The 12 atopic children considered in
this study are those presented in a previous paper [1], where
clinical characteristics are also reported. There were 8 males
and 4 females and their ages ranged from 1 to 4.33 years
(average 2.21 * 1.05). All children were also allergic to cow’s
milk.

In vitro Digestion of Serum Albumins

Samples of serum albumins (BSA and OSA) were weighed
into 20-ml screw-cap flasks and suspended in 0.01 N HCl, pH
= 2, containing 0.05 mg/ml of pepsin [7]. The final protein
concentration was 3.0 = 0.1 mg/ml and the enzyme/protein
ratio was 1/60 (w/w). The protein content of purchased BSA
and OSA was verified by Lowry’s method [8].

Proteolysis was carried out at 37°C in a Dubnoff’s water
bath shaken at 100 beats/min. The reaction was stopped at
different times during pepsin attack (5 minutes, 2 hours and 4
hours) by rapid freezing in acetone and dry ice. Samples were
then stored at —80°C and freeze-dried within a few days.

SDS-PAGE

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed using a gradient running gel
(9-19% acrylamide, pH = 8.8) that contained 0.1% of SDS
[7].

Meat samples (raw, homogenized and freeze-dried bovine
products; raw and freeze-dried ovine products) were suspended
in sample dilutor (0.25M Tris-HCl buffer, pH = 6.8, containing
7.5% glycerol, 2% SDS and 1% b-mercaptoethanol) at the
concentration of 3.0 mg/ml and then heated for 10 minutes at
100°C.

BSA and OSA (before and after pepsin proteolysis) were
diluted in sample dilutor (without b-mercaptoethanol; 1 mg/ml)
and treated as described above. Molecular weight marker
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solution included: rabbit skeletal muscle myosin (MW =
200000), E. Coli b-galactosidase (MW = 116250), rabbit mus-
cle phosphorylase b (MW = 97400), bovine serum albumin
(MW = 66200), hen egg white ovalbumin (MW = 42700),
bovine carbonic anhydrase (31000), soybean trypsin inhibitor
(MW = 21500), hen egg white lysozyme (MW = 14400),
bovine pancreas aprotin (MW = 6500). After loading the
samples (20 ml each) into the gel, the run was performed at 100
mV for 4 hours. Gels were dyed with Coomassie Brilliant Blue
G-250 according to Neuhoff et al [9]. All chemicals used in
electrophoretic analyses were from BioRad (Richmond, CA).

SPT

During April 1992, the children underwent SPT according
to Bock [10]. The following allergens were tested: BSA and
OSA (Sigma) at the highest available purification level [1};
BSA and OSA digested 5 minutes, 2 hours, and 4 hours with
pepsin commercial homogenized (strained) bovine meat and
commercial freeze-dried bovine and ovine meat.

BSA and OSA samples were solubilized in glycerol 50% (in
water) at the initial concentration of 1 mg/ml and then diluted
several times (1:10 v:v) until the endpoint was reached. The
homogenized sample was suspended 1:10 (v:v) in 50% glyc-
erol. Freeze-dried meat preparations were suspended in 50%
glycerol at the final concentration of 20 mg/ml.

SPT for raw bovine and ovine meats (prick by prick) was
performed according to Ortolani [11].

Results were expressed as diameters (in mm) of the wheal
obtained after SPT; a diameter of 3 mm was considered posi-
tive [12].

RAST

On the same day, a venous blood sample was taken from
each child to evaluate the total content of IgE and to perform
the RAST for the allergens already assayed in SPT. RAST was
performed by Bayer Laboratories (Garbagnate, Milano-Italy)
using disks obtained according the following protocol : samples
of 0.5 to 2 mg (BSA and OSA, before or after peptic digestion,
homogenized and freeze-dried meats) were solubilized in 1 ml
of phosphate buffer (PBS), gently shaken for 4 hours, centri-
fuged and filtered on Millex 0.8 and 0.22 mm (Millipore,
Bedford, MA, USA). Samples were then mixed with paper
disks activated by cyanogen bromide (Pharmacia, Uppsala) to
allow the binding of the allergen to the disk. Specific IgE
values higher than 5 Ul/ml were considered RAST-positive
[13].

Statistical Analyses

Statistical analyses were performed according to Chi-square
test and to Spearman’s rank test.
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RESULTS

SDS-PAGE

Meat Samples. Figure 1 shows the electrophoretic behavior
of bovine and ovine meat samples. The protein distribution is
similar in the two raw meats, confirming the phylogenetic
relationship of the two animal species. One of the most impor-
tant differences observed in these protein patterns is the higher
quantity of serum albumins present in raw meats, while the
corresponding band in technologically treated samples is less
visible. The reduction in scrum albumin content is more evident
in ovine freeze-dried meat than in bovine treated products.

Digested Serum Albumins. Figure 2 illustrates the electro-
phoretic patterns of BSA and OSA before (0 minutes) and at
different times during peptic attack (5 minutes, 2 and 4 hours).
Pepsin attack on the two serum albumins is different as shown
by the number and the quality of peptide fragments produced.
After 5 minutes of digestion, BSA presents a higher number of
proteic bands than OSA. Moreover, in OSA there is a rapid
reduction of high-molecular-weight fragments and a higher
release of low-molecular-weight polypeptides.

The difference between the two proteins is reduced after 2
hours and 4 hours of digestion, where polypeptidic fragments
are similar in molecular weight but different in relative abun-
dance.

SPT for BSA and OSA Before and After Peptic
Digestion

All the children included in this study were SPT-positive for
BSA and OSA. The specific endpoints for BSA and OSA were
reached respectively: at 1 mg/ml in 2 and 5 children; at 0.1
mg/ml in 6 and 3 children; at 0.01 mg/ml in 2 and 4 children;
and at 0.001 mg/ml in 2 BSA-positive children. A significant
correlation (Spearman’s test) between wheal diameters ob-

MK R F

Bovine meat
Fig. 1. SDS-PAGE of bovine and ovinc meat products. MK = MW
marker solution; R = raw meat; H = homogenized meat; F = freeze-

Ovine meat

dried meat. Arrows indicate the position of serum albumins.
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Fig. 2. SDS-PAGE of BSA and OSA before (0 minutes) and after
different times (5 minutes, 2 hours and 4 hours) of peptic digestion.
MK = MW marker solution.

tained in SPT for the two native proteins was found (r = 0.83;
p < 0.001).

After 5 minutes of peptic attack, only four children main-
tained their SPT-positivity to BSA and three children were
positive to OSA (at the concentration of 1 mg/ml) (Table 1).
The endpoints for the two albumins weres reached as follows:
BSA: 3 out of 4 children at 1 mg/ml and the fourth at 0.01
mg/ml; and OSA: 2 out of 3 children at 1 mg/m] and the third
at 0.1 mg/ml.

After 5 minutes of digestion, the reduction of SPT-response
both to BSA (chi-square = 9.187; p = 0.002) and to OSA
(Chi-square = 11.378; p < 0.0001) was statistically significant
when compared to the native protein (0 minutes). Moreover,
Spearman’s test showed a significant correlation between
wheal diameters, obtained with the two albumins digested for 5
minutes (r = 0.69 and p = 0.013). The decreasing of SPT-
positivity became more evident after longer enzymatic attack.
In fact, after 2 hours of digestion, only two children reacted to

Table 1. SPT for Bovine and Ovine Serum Albumins Before
and After Peptic Digestion (Positive Responses/Total)

Concentrations (mg/ml) BSA OSA

0 minute PS 1 12/12 12/12
0.1 10/12 7112

0.01 4/12 4/12

0.001 2/12 0/12

0.0001 0/12 0/12

5 minutes PS 1 4/12 3/12
0.1 1/12 1/12

0.01 1/12 0/12

0.001 0/12 /12

2 hours PS 1 2/12 0/12
0.1 0/12 0/12

0.01 0/12 0/12

4 hours PS 1 2/12 0/12
0.1 0/12 0/12

0.01 0/12 0/12

PS = pepsin attack

247



Downloaded by [New Y ork University] at 13:35 06 May 2015

Allergenicity of Enzymatically Digested Meats

BSA (1 mg/ml) and none to OSA. All children who were
SPT-positive to BSA presented the endpoint at the concentra-
tion of 1 mg/ml. At lower concentrations no child showed a
wheal diameter > 3 mm. After 4 hours of peptic digestion,
there was no further reduction of SPT-positivity; in fact, the
two children positive to BSA after 2 hours of digestion were
still reactive at this time.

SPT for Processed Meat Products

Spearman’s test showed a significant correlation (r = 0.60
and p = 0.039) between wheal diameters obtained by SPT with
the raw bovine and ovine meats.

Only 1 of the 11 children STP-positive to raw bovine meat
and 1 of the 12 children STP-positive to raw ovine meat
responded to homogenized and freeze-dried products (Table 2).
When evaluated with the Chi-square test, the SPT responses
had the following statistical significance: the comparisons be-
tween raw bovine meat and both homogenized and freeze-dried
bovine meat had Chi-square = 13900, p < 0.0001; the com-
parison between raw ovine meat and the corresponding freeze-
dried product had Chi-square = 16783, p < 0.0001.

RAST for Bovine and Ovine Products

Compared to SPT, RAST presented a different pattern of
positivity in the 12 children considered in this study. Only S of
12 (41.7%) SPT-positive children were RAST-positive for
BSA, and 3 (25%) for OSA (Table 3). The RAST-positivity for
both BSA and OSA was lost after only 5’ of peptic digestion.

No RAST-positivity was observed with homogenized bo-
vine meat, while one child responded slightly to both bovine
and ovine freeze-dried preparations (Table 4).

DISCUSSION

Though not necessarily associated with clinical intolerance,
the presence of specific IgE for meat products often results in
the exclusion of these important protein sources from the diet
of children with AD. This has very serious nutritional impli-
cations since children allergic to beef are generally also reac-
tive to cow’s milk, another important protein source. The use of

Table 2. SPT for Raw and Processed Meat Products

Positive responses

Product (n = 12)

Bovine products

Raw meat 11
Homogenized meat

Freeze-dried meat 1
Ovine products

Raw meat 12
Homogenized ovine meat 1
Freeze-dried ovine meat 1
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Table 3. RAST Responses to BSA and OSA Before and
After Peptic Digestion

Positive
Product tested Iesponses
(n=12)
Bovine serum albumin
2 mg/ml 5
1 mg/ml 4
0.5 mg/ml 4
5 minute PS 0.5 mg/ml 4]
2 hour PS 0.5 mg/ml 0
4 hour PS 0.5 mg/ml 1
Ovine serum albumin
2 mg/ml 3
1 mg/ml 2
0.5 mg/ml 2
5 minute PS 0.5 mg/ml 0
2 hours PS 0.5 mg/ml 0
4 hours PS 0.5 mg/ml 0

PS = Peptic attack

Table 4. RAST Responses to Bovine and Ovine Treated
Meats

Positive
Product tested IESponses
(n = 12)
Homogenized bovine meat
1 mg/ml 0
2 mg/ml 0
1:10 mg/ml 0
Freeze-dried bovine meat
1 mg/ml 1
2 mg/ml 1
1:10 mg/ml 1
Freeze-dried ovine meat
1 mg/ml 1
2 mg/ml 1
1:10 mg/ml 1

lamb meat as an alternative for children allergic to bovine
derivative could be questionable, since, as we showed previ-
ously, a cross-reactivity exists between the two animal species,
at least in SPT [1]. We also showed that serum albumin is an
important, if not the main meat allergen.

The chemical structure of bovine [14] and ovine [15] serum
albumins are well known, as are their main physico-chemical
characteristics [16]. Serum proteins are not heat-resistant: their
structure is affected by heating at 60°C and their allergenicity
is lost at higher temperatures [17]. Technological processes are
able to change some properties of meat proteins, with a mod-
ification of their electrophoretic behaviour (Fig. 1) and a re-
duction of their digestibility [1]. These effects are mainly due
to the heating (steam injection at 110-120°C) performed in the
food industry as the first step in the production chain of
homogenized and freeze-dried meat products. Serum albumins
are clearly evident in raw meats, while their intensity is lower

VOL. 14, NO. 3
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in the technologically treated samples. This consideration cor-
relates well with the observed lower SPT-positivity of homog-
enized and freeze-dried products when compared to the corre-
sponding raw meats. On the basis of these results, we can
further support the hypothesis of the involvement of serum
albumins in meat allergy. The lower quantity of serum albumin
observed in ovine freeze-dried, compared to the corresponding
bovine product, seems to indicate a higher heat-lability of OSA,
with a decreased allergenic potential of ovine treated meat.
Thus, the lower allergenicity of ovine meat, observed in clinical
practice, could be partially supported by the stronger thermo-
denaturation of the serum albumin.

The peptic digestion of serum albumin decreases the aller-
gic potential of both proteins, even after only 5 minutes of
enzymatic action. At this time of proteolysis, 4 of the 12
children included in the study, reacted to BSA and three reacted
to OSA. This fact correlates well with the electrophoretic
behavior observed in Fig. 2 where the release of peptidic
fragments with low MWs is evident. The protein fragments are
less allergenic than native protein [18]. The phenomenon is
more evident in the case of OSA, after 5 minutes of digestion
it releases fragments with MWs lower than those of BSA which
could explain the different responses of allergic children. The
allergic properties of the two albumins decrease further when a
longer time of digestion is considered. After 2 hours, only two
children react to BSA and none to OSA. Although similar in
MWs, the different amino acid sequence of the polypeptidic
fragments still present in the digestion mixture coming from
BSA and OSA (Fig. 2) could be responsible for the clinical
result. After 4 hours of digestion, BSA still produces an SPT-
positive response in two children, the same subjects who were
positive at 2 hours. Probably this result was due to the inability
of pepsin to hydrolyze BSA further and to eliminate the pep-
tidic fragments still allergenic for the most sensitive children.
This situation further supports the previous hypothesis that the
limited differences seen in the two amino acid sequences (55
out of 607 amino acids) could play an important role in mod-
ulating the albumin antigenicity. The rapid disappearance of
SPT-reactivity for OSA as a consequence of the peptic diges-
tion further justifies the observed lower clinical allergenicity of
ovine meats in comparison to bovine products.

The RAST test always shows a lower positivity in compar-
ison to SPT. For example only 5 of the 11 SPT-positive
children for BSA are RAST positive and only 3 of 12 are
RAST-positive for OSA. When digested albumins are tested,
no positivity is evident after 5 minutes of peptic digestion. This
could be attributed to a lower sensitivity of RAST in compar-
ison to SPT, or to the well known phenomenon of tolerance that
makes subjects who are SPT-reactive for some food allergens
clinically asymptomatic [19]. The results of the double-blind
oral challenge test, described elsewhere [1], showed few chil-
dren positive to BSA (2/12) and to OSA (5/12), further sup-
porting the hypothesis of tolerance.

In conclusion, our results indicate that technological pro-
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cesses and proteolysis drastically reduce the allergenicity of
meat products, so that the elimination of these important pro-
tein sources from the diet of atopic children should be recon-
sidered. The lower allergenicity of ovine meat, in comparison
with the corresponding bovine products, seems due to the
higher thermosensitivity and to the faster proteolysis of OSA.
Thus, the clinical practice suggesting ovine products as an
alternative diet for polyallergic children could be biologically
justified but only in selected cases. On the other hand, the use
of specific technological processes could permit the introduc-
tion of bovine meat in the diet of the children allergic to milk
without risk of negative reactions.

ACKNOWLEDGMENTS

We thank Mrs. Helen Downes for editorial assistance.

REFERENCES

1. Fiocchi A, Restani P, Riva E, Qualizza R, Bruni P, Restelli AR,
Galli CL: Meat allergy: I—Specific IgE to BSA and OSA in
atopic, beef sensitive children. ] Am Coll Nutr 14(3):239-244,
1995.

2. Sampson HA: Role of immediate hypersensitivity in the pathogen-
esis of atopic dermatitis. Allergy 44:52-58, 1989.

3. Bernishel-Broadbent J, Sampson HA: Oral challenge and in vitro
study results with fish hypersensitive patients (Abstract). J Allergy
Clin Immunol 85:270, 1990.

4. Bernishel-Broadbent J, Scanlon S, Strouse D, Sampson HA: Clin-
ical relevance of altered fish allergenicity secondary to various
preparation methods (Abstract). J Allergy Clin Immunol 87:177,
1991.

5. Metcalfe DD: Food hypersensitivity. J Allergy Clin Immunol
73:749-761, 1983.

6. De Luca L, Santoro L: Profilassi e terapia dietetica con latte di
carne di agnello in 26 bambini poliallergici alimentari con dieta a
multipla esclusione durante terapia intensiva o di mantenimento
post-diagnostico. Ped Med Chir 9:449-452, 1987.

7. Restani P, Restelli AR, Capuano A, Galli CL: Digestibility of
technologically treated lamb meat samples evaluated by an in vitro
multienzymatic method. J Agric Food Chem 40:989-993, 1992.

8. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ: Protein mea-
surement with the Folin phenol reagent. J Biol Chem 55:537-608,
1951.

9. Neuhoff V, Arold N, Taube D, Ehrhardt W: Improved staining of
proteins in polyacrylamide gels including isoelectric focusing gels
with clear background at nanogram sensitivity using Coomassie
Brilliant Blue G-250 and R-250. Electrophoresis 9:255-262, 1988.

10. Bock SA, Buckley J, Holst A, May CD: Proper use of skin test
with food extracts in diagnosis of hypersensitivity to food in
children. Clin Allergy 7:375-379, 1977.

11. Ortolani C, Ispano JP, Pastorello ED, Ansaloni R, Margi GC:
Comparison of results of skin prick test (with fresh foods and

249



Downloaded by [New Y ork University] at 13:35 06 May 2015

Allergenicity of Enzymatically Digested Meats

12.

13.

14.

15.

250

commercial food extracts) and RAST in 100 patients with oral
allergy syndrome. J Allergy Clin Immunol 83:683-690, 1989.
Societa Italiana di Allergologia ed Immunologia Clinica: Memo-
randum sulla diagnostica delle allergopatie (Abstract). Folia Aller-
gol. Immunol Clin 34:389, 1987.

Wraith DG, Merreth J, Roth A, Yman L, Merret T: Recognition of
food allergic patients and their allergens by the RAST technique
and clinical investigation. Clin Allergy 9:25-36, 1979.

Hirayama K, Akashi S, Furuya M, Fukuhara K-I: Confirmation
and revision of the primary structure of bovine-serum albumin by
esims and frit-FAB LC-MS. Biochem Biophys Res Commun 173:
639-646, 1990.

Brown WM, Dziegiclewska KM, Foreman RC, Saunders NR:
Nucleotide and deduced amino-acid sequence of sheep serum-
albumin. Nucleic Acid Res 17:945-948, 1989.

16.

17.

18.

19.

Jenness R: Protein composition of milk. Physical and chemical
properties. In McKenzie HA (ed): “Milk Proteins: Chemical and
Molecular Biology,” vol. 1. New York: Academic Press, pp 1743,
1970.

Hanson LA, Johansson BG: Immunological studies of milk. In
McKenzie HA (ed): “Milk Proteins: Chemical and Molecular
Biology,” vol 1. New York: Academic Press, pp 96-102, 1970.
Aas K: The biochemistry of food allergens: what is essential for
future research? Food Allergy 17:1-14, 1988.

Walker WA: Pathophysiology of intestinal uptake and absorption
of antigens in food allergy. Ann Allergy 59:7-16, 1987.

Received February 1994; revision accepted October 1994.

VOL. 14, NO. 3





