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Abstract

Epidemiological studies have shown an association between the consumption of raw farm milk and reduced incidence of allergy. In the
present study, we fed untreated raw milk, gamma-sterilised milk, heat-treated milk or water to mice and compared their responses to aller-
gen exposure and challenge treatment in a mouse model of gastrointestinal allergy. From weaning (3 weeks old), groups of BALB/c female
mice (n 8) received raw milk, gamma-sterilised milk, heated milk or water via drink bottles, with the control group receiving water. All
mice were fed a standard (dairy protein-free) rodent diet. At 6 and 8 weeks, groups were given intra-peritoneal injections with ovalbumin
(OVA)/alum to sensitise them to the antigen. Controls were sham immunised. At week 10, mice were fasted and challenged four times on
alternate days by intra-gastric administration with 50 mg OVA or saline. Levels of bacteria and milk proteins were assessed in milk samples.
Mouse serum levels of specific IgE, IgG; and IgG,, antibodies and mouse mast cell protease-1 (MMCP-1) were determined. Cytokine
responses to 48h activation with OVA were measured in cultured splenocytes from mice. Sterilised and heated milks contained no
viable bacteria and reduced detectable levels of many milk proteins, in contrast to raw milk. Mice drinking raw milk had highest serum
MMCP-1 and specific-OVA IgE responses. Cultured splenocytes from OVA-primed mice produced similar levels of IL-4 in response
to the antigen; however, IL-10 levels were highest from mice drinking raw milk. Overall, the present study adds to the evidence that

consuming different types of milk can affect allergic responses to a non-related dietary antigen.
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The prevalence of allergy, including asthma, atopic dermatitis,
hay fever and allergic sensitisation to food antigens, has
increased markedly in Westernised countries in recent
decades. The hygiene hypothesis has been proposed, which
postulates that the increase in allergic disease is due to a
decrease in bacterial exposure as a result of changes in life-
style™”. We have evolved in a rich microbial environment,
and early-life exposure to environmental microbes is import-
ant, if not crucial, in the maturation of the immune system.
This concept has been well demonstrated in studies using
germ-free mice®?.

Epidemiological
between the loss of rural living conditions and increased inci-
dence of allergy. Large-scale studies undertaken in European
communities have sought to determine which environmental
and/or nutritional experience may be protective against
the development of allergy**>. Population studies, using indi-
viduals with a similar genetic background but divergent
environmental have consistently shown that

studies have shown an association

exposures,

children growing up on a farm are at a significantly lower
risk of allergy development'®.

Consumption of farm milk is one factor that has been ident-
ified which might contribute to the protective effects”. A
recent study of more than 7000 participants in rural regions
of Germany, Austria and Switzerland has compared the
consumption of raw untreated farm milk with boiled farm
milk and commercially processed milks, both pasteurised
and ultra-heat-treated (UHT) milks. Their findings suggested
that the protective effect of raw farm milk may be due to
the whey protein component of milk.

We undertook the present study to further investigate which
components of farm milk probably contribute to protection
against the development of allergy. In the present study, we
compared untreated raw milk containing bacteria with both
gamma-sterilised milk that had had no viable bacteria and
heated milk that had no viable bacteria as well as denatured
milk proteins. We fed these milks to mice, and compared
their responses to allergen exposure and challenge treatment

Abbreviations: IFN-v, interferon-y; LPS, lipopolysaccharide; MMCP-1, mouse mast cell protease-1; OVA, ovalbumin; PBS-T, PBS containing 0-05% (v/v)

Tween-20; TGF, transforming growth factor.
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using a mouse model of gastrointestinal allergy. Mice were
first sensitised to a model of non-milk antigen, ovalbumin
(OVA), by intra-peritoneal injection followed by an oral chal-
lenge with this antigen. The immune response was assessed
by a number of humoral and cellular response measures.

Materials and methods
Milk collection and treatment

Raw bovine milk was collected directly from a dairy farm three
times weekly, during the course of the animal trial. At a stan-
dard time after the morning milking, milk was collected from
the farm vat where the milk had been chilled to 4°C and
constantly stirred. At each collection, milk was split into two
aliquots. Aliquot 1 was stored directly at 4°C with no treatment
(raw milk). Aliquot 2 was heated to 87°C on a hot plate with
constant stirring, allowed to cool to room temperature, filtered
through sterile surgical gauze to remove the skin formed
during the heating process and then stored at 4°C (heated
milk). At the start of the trial and then every 2nd week there-
after, a third aliquot of milk was sent to a commercial
facility (Schering-Plough) to be gamma irradiated (low dose,
15-17kGy; sterilised milk). Before and following irradiation,
milk was transported and stored at 4°C. All milks were
stored at 4°C until required for feeding to mice.

Milk analysis

Following treatments at each milk collection, subsamples of
the raw, heated and sterilised milks were collected to assess
the levels of bacterial growth. Milk samples (50l of each
milk sample) were spread on both Columbia Sheep Blood
and Esculin Sheep Blood Agar plates (Fort Richard Labora-
tories Limited). The plates were incubated at 37°C and the
number of bacterial colonies visually assessed at 24 and 48h.

Levels of lipopolysaccharide (LPS) were measured in repre-
sentative milk samples for each treatment type using a
kit (Lonza Kinetic-QCL), according to the manufacturer’s
recommendations, and Soft Max Pro software (VersaMax;
Molecular Devices). In addition, LPS levels were also moni-
tored in a representative raw milk sample incubated over a
24h period at room temperature (to simulate the condition
of milks fed to mice).

Levels of total protein and fat were measured in a subset
of milk samples (raw, heated and sterilised) using standard
laboratory techniques (AsureQuality). Levels of albumin,
a-lactalbumin, B-lactoglobulin, lactoferrin, total IgG, IgA and
IgM were measured in milk samples using bovine-specific
ELISA kits (Bethyl Laboratories). Levels of transforming
growth factor (TGF)-B2 were also measured using an ELISA
kit (Promega). All assays were undertaken according to the
manufacturers’ recommended protocols.

To assess changes in the composition of milk proteins due
to milk treatments, a subset of milk samples (raw, heated
and sterilised) from the same batch of milk were evaluated
by gel electrophoresis, based on published SDS—PAGE

methods® with some modifications. The samples were

diluted to the same protein concentration and then prepared
in Laemmli’s buffer containing B-mercaptoethanol (5%) and
boiled for 5min. Separation was performed using a 12:5%
Tris—glycine polyacrylamide gel (Criterion; Bio-Rad Labora-
tories). Equal amounts of protein were loaded into the gel
and run for 60 min at a constant voltage (150V), and then
stained by the colloidal Coomassie Brilliant Blue G-250
method®.

Mice and experimental protocol

Animal experiments were performed in accordance with the
guidelines of the New Zealand National Animal Ethics Advi-
sory Committee for the use of animals in research, testing
and teaching. All experimental procedures were approved
by the Ruakura Animal Ethics Committee. BALB/c mice used
in the present study were housed in specific pathogen-free
conditions and fed ad libitum on a dairy protein-free diet
(AIN-93G Modified Rodent Diet with Soy Protein and Lactose;
Research Diets, Inc.). At weaning (3 weeks of age), female
mice were randomly allocated to five groups (1 8) and further
supplied ad libitum with either raw milk, gamma-sterilised
milk, heated milk or water via drink bottles, with the control
group receiving water. Liquids were changed daily with
fresh chilled aliquots. Mice were weighed weekly to monitor
their general health. At 6 and 8 weeks of age, groups received
intra-peritoneal injections containing 0 (control group) or
50 pg OVA (water and all milk groups) (OVA, A5503 grade
V; Sigma-Aldrich) with 1-5mg alum (Imject Alum; Thermo
Fisher Scientific). At 10 weeks of age, mice were fasted over-
night and then challenged once daily on four alternate days
with 0 (control group) or 50mg OVA (water and all milk
groups) in 200 pl saline solution by oral administration. Mice
were monitored for 2h following oral administration to
assess hypersensitivity responses, which were scored using a
modified reporting system™”: 1 — smooth coat, bright-eyed
and alert, no symptoms; 2 — active, bright-eyed, slightly
hunched and jumpy, scratching and rubbing around nose
and head; 3 — not as alert or active, hunched when
sitting and eyes closed or squinting, fur slightly ruffled; 4 —
hunched and still, little interest in the environment, fur notice-
ably ruffled; 5 — non-reactive to stimuli, fur bottle-brush
appearance, cold to touch. Mice were also observed
for signs of diarrhoea. At 2h after the fourth and final oral
administrations, mice were euthanised by CO, asphyxiation
and cervical dislocation. Heparinised blood was obtained by
cardiac puncture, stored on ice and then centrifuged at
1650 g for 10 min at room temperature. Plasma was collected
from all mice and stored at —20°C until analysed for levels
of OVA-specific 1gG,, IgG,, and IgE and mouse mast cell pro-
tease-1 (MMCP-1). Spleen from individual mice was excised
and cells isolated for culture as detailed below.

Mouse mast cell protease-1 measurement

MMCP-1 levels in murine plasma were measured using
murine-specific ELISA kits (88-7503-86; eBioscience), accord-
ing to the manufacturer’s recommended protocols.
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Ovalbumin-specific antibody measurement

OVA-specific antibody titres were measured using a non-
competitive indirect ELISA protocol based on previously
described methods™'"'?. Plate washes were carried out by
an automated plate washer (AM60 MRW; Dynex Technologies
Inc.) using PBS containing 0-05 % (v/v) Tween-20 (PBS-T), all
samples and reagents (100 ul, unless otherwise stated) were
diluted in PBS-T containing 1% (w/v) bovine serum albumin
(A-7906; Sigma-Aldrich) and all incubations were conducted at
room temperature, unless otherwise stated. Microtitre plates
(Maxisorb F-96; Nalge Nunc International) were incubated
overnight at 4°C with OVA (10 pg/mD in bicarbonate buffer
(50 mM-NaHCO;, pH 9-8). After washing, plates were incu-
bated with 250 pl PBS-T containing 1% (w/v) bovine serum
albumin for 1h, and then washed. Serial dilutions of the test
samples (1:100, 1:1000, 1:10 000 and 1:100000; 100 uD) were
then added, incubated for 1h and then washed three times.
Positive (plasma pooled from mice orally administered with
OVA) and negative (untreated mouse plasma) controls
were run on each plate with the sample dilutions. Goat
anti-mouse IgE, 1gG; or IgG,, conjugated with horseradish
peroxidase (Bethyl Laboratories) were added to the plates at
1:1000, 1:200 000 and 1:5000 dilutions, respectively, and then
incubated for 1h. After washing, the plates were incubated
with substrate solution (TMB One Component HRP Microwell
substrate; BioFX Laboratories) for 20 min and then the reaction
was stopped with 50 ul of 2M-H,SO4. Optical density was
measured at 450 nm using an automated plate reader (Versa-
Max; Molecular Devices). Antibody titres for the test samples
were defined as the reciprocal of test sample dilution that
produced an optical density equal to 50% of the maximum
optical density above the background of the positive control.
Results are expressed as titre units of antibody.

Splenocyte culture and cytokine measurement

A cellular suspension was produced by homogenising individual
spleens using the gentle MACS Dissociator (Miltenyi Biotec). Eryth-
rocytes were lysed using ACK Lysing Solution™® (Thermo Fisher
Scientific Inc.) and the splenocytes extensively washed and re-
suspended in Roswell Park Memorial Institute (RPMD-1640
medium containing 10 % (v/v) fetal calf serum, 100 units penicil-
lin/ml, 100 g streptomycin/ml and 2mm-glutamine. Cells
(5 X 10° cells/ml) were co-cultured in twenty-four-well plates at
37°Cin 5% CO,, and stimulated with OVA (100 pg/mD). Cells stimu-
lated with concanavalin A (1 pg/ml) and LPS (2 pg/ml) were used
for positive controls and unstimulated cells for background con-
trols. Supernatants were harvested at 48 h and levels of IL-4, IL-
10 and interferon-y (IFN-y) were measured using ELISA kits
(OptEIA mouse ELISA set; BD), according to the manufacturer’s
recommendations. Detection limits for each assay were 7-8, 31-3
and 31-3 pg/ml for IL-4, IL-10 and IFN-y, respectively.

Statistical analysis

Data for mouse weight gain and milk proteins are presented
as means with their standard errors. Measurements of blood

responses and cytokine levels in splenocytes were log
transformed (to stabilise the variance) and then analysed by
treatment, using ANOVA in GenStat (GenStat for Windows
16th Edition; VSN International). Geometric means of the
treatment groups are graphed with the corresponding
standard errors of means. Means were compared using least
significant differences.

Results
Milk analyses

Columbia Sheep Blood Agar plates were used as a general
medium to grow a broad range of aerobic Gram-negative
and Gram-positive bacteria, including, Enterobacteriaceae,
Pseudomonas, streptococci, enterococci and staphylococci.
Esculin Sheep Blood Agar plates were used to isolate the
members of the genus Enterococcus. Visual assessment of
bacterial colony numbers in milk samples showed that heat
and gamma sterilisation treatments killed all viable bacteria.
All raw milk samples had grown colonies by 24h, with an
increase in the number of colonies after 48 h, but no identifi-
cation of bacteria was carried out. LPS levels in raw milk
samples were low (approximately 0:03 endotoxin units/ml).
However, a representative raw milk sample incubated at
room temperature showed a rise in LPS levels to 1-2 endotoxin
units/ml between 16 and 24 h.

Levels of total protein were similar for the three types of
milk: 33-5, 34-2 and 33-6 mg/ml for the raw, heated and steri-
lised milks, respectively. Levels of total fat were 18 % lower in
the heated milk compared with the raw and sterilised milks,
probably due to the procedure of filtering the heated milk
following the heating step. Levels of total fat were 43-9, 34-2
and 43-:8mg/ml for the raw, heated and sterilised milks,
respectively.

Analysis of milk proteins by ELISA showed that the heated
milk had markedly reduced levels of some proteins compared
with the raw milk; levels of albumin, lactoferrin, total IgG, IgA
and IgM were not detectable in the heated milk (Table 1).
Interestingly, TGF-B was least affected by heating, with
levels reduced by 36% compared with the levels of the raw
milk. The gamma-sterilised milk also had lower levels of
proteins compared with the raw milk, ranging from a
4% reduction for IgG to 52% for lactoferrin (Table 1). Assess-
ment of milks by SDS—PAGE indicated that the heated and raw
milks were similar in their protein profile; however, there
appeared to be changes in the number of protein bands and
visible evidence of some band smearing in the sterilised
milk (Fig. D).

Mouse health and well-being

The weights of mice were monitored to assess their general
health. Similar weight gains were observed for mice in all
the treatment groups. During the study period, the mean
body-weight gain for all groups was 815 (sem 0-57)g.
Although mice fed milk were potentially given access to a
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Table 1. Levels of milk proteins*
(Mean values with their standard errors)

Raw milk Sterilised milk Heated milk
Protein Mean SEM Mean SEM Mean SEM
Albumin (ug/ml) 118.0% 3.3 91.5° 3.2 0-1° 0-1
a-Lactalbumin (pg/ml) 869.3% 19-4 650-9° 265 284.1° 15.9
B-Lactoglobulin (wg/ml) 2901.5% 46-1 2698.3° 48.4 490-5° 37.9
Lactoferrin (p.g/ml) 64-82 4.2 39.8° 4.8 ND
IgG (wg/ml) 41842 8.9 403.32 12.9 ND
IgA (png/ml) 380-6° 118 245.5° 8.0 ND
IgM (jg/ml) 55.23 2.1 47.2° 2.3 ND
TGF-B2 (ng/ml) 48.7° 2.4 23.4° 1.9 31.3° 2.4

ND, not detectable; TGF, transforming growth factor.

ab\ean values within a row with unlike superscript letters were significantly different (P<0-05; ANOVA).

*Subsamples were made of each batch of milk on collection days and following each treatment (n 9 for raw milk and
heated milk; n 4 for sterilised milk). Levels of albumin, a-lactalbumin, B-lactoglobulin, lactoferrin, total 1gG, IgA, IgM
and TGF-B2 were measured in milk samples using bovine-specific ELISA kits.

higher-energy diet, those mice drinking milk showed no
difference in weight gain compared with mice drinking water.

Oral allergen-induced responses

Observational data of the responses to the oral challenge were
collected at intervals of 10 min over the first hour, then again at
2 h, for each of the four oral administrations (data not shown).
In mice presensitised with OVA, the oral challenge with this
protein induced increasing severity of physical symptoms
with increasing numbers of oral administration. The pattern
of responses varied with individual mice; some mice reacted
quickly while others reacted more slowly, and the recovery
time also varied with individual mice. The severity of symp-
toms ranged from 1 to 4, with higher scores observed for
OVA-treated mice that were drinking the raw milk, compared
with the other groups. At no time was diarrhoea induced in
any of the mice, even with the fourth and final oral adminis-
trations. Control mice (non-sensitised) displayed no adverse
physical reactions.

Induction of mouse mast cell responses

Multiple oral administrations with OVA in mice presensitised
with OVA produced a very large increase in serum levels of
MMCP-1 compared with control mice (Fig. 2). The levels of
MMCP-1 were 2-fold higher (£<<0-05) in mice drinking the
raw milk compared with those drinking water, and 3-fold
higher in mice drinking the raw milk compared with those
drinking the heated or sterilised milk. There were no differ-
ences in the levels of MMCP-1 when comparing OVA-treated
mice drinking the heated milk, sterilised milk or water.

Antibody responses to ovalbumin

OVA-specific IgE titres were higher in mice presensitised and
challenged with OVA compared with control mice (Fig. 3(A)).
Furthermore, there were differences in OVA-specific IgE titres
between the groups depending on their diet. Mice drinking the
heated milk had lower levels of OVA-specific IgE compared

with those drinking the raw milk. A trend was observed,
suggesting that mice drinking the raw milk had higher levels
of OVA-specific IgE compared with those drinking the steri-
lised milk and water. All groups of mice presensitised and
challenged with OVA had similar levels of OVA-specific
IgG,, with levels in all these groups being higher than those
in control mice (Fig. 3(B)). For OVA-specific 1gG,,, only
mice drinking the raw milk had titres higher than control
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Fig. 1. SDS—PAGE characterisation of milk samples. To assess the changes
in the composition of milk proteins induced by milk treatments, representative
samples of raw milk (lane 1), heated milk (lane 2) and sterilised milk (lane 3),
all collected from a dairy farm on the same day, were run on SDS—-PAGE
and visualised with Coomassie Blue stain. Molecular-weight markers (kDa)
were run alongside (lane M). (A colour version of this figure can be found
online at http://www.journals.cambridge.org/bjn)
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of farm milk, independent of concurrent farm exposure?.

In a murine model of gastrointestinal allergy, we have
demonstrated that drinking milks exposed to different
treatments (raw untreated, gamma-sterilised or heat-treated)
changed the allergic responses to a non-related dietary
antigen, OVA. We found that the group fed the raw milk had a
greater allergic response than those fed the sterilised milk,
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Fig. 2. Plasma levels of mouse mast cell protease-1 (MMCP-1). Mice pre-
sensitised with 50 ng ovalbumin (OVA) by intra-peritoneal injections were
then challenged four times with 50mg OVA. Non-sensitised control mice
were challenged with saline. Plasma was collected from all mice (n 8 per
group) 2h after the last challenge. MMCP-1 levels were measured using
ELISA kits. Values are geometric means, with their standard errors rep-
resented by vertical bars. *>°Mean values with unlike letters were signifi-
cantly different (P<0-05; ANOVA).

mice, although these levels were not different compared with
the other groups presensitised and challenged with OVA
(Fig. 3(C)).

Induction of cytokine secretion in splenocytes by
ovalbumin

Culture supernatants from cells isolated from individual
mouse spleen samples were analysed for the levels of IFN-y,
IL-4 and IL-10. In wvitro restimulation with OVA induced
minimal IL-4 and IL-10 responses in splenocytes from control
mice (Fig. 4(A) and (B), respectively). In contrast, when
splenocytes from OVA-presensitised and orally challenged
mice were restimulated with OVA, the levels of IL-4 and
IL-10 were 8- to 14-fold higher compared with control mice.
The highest levels of IL-4 were induced in splenocytes from
mice drinking the water, raw or heated milk; the levels were
30—45% higher in splenocytes from these mice compared
with those from mice drinking the sterilised milk. Interest-
ingly, the highest levels of IL-10 were induced in splenocytes
from mice drinking the raw milk; the levels were 40—45%
higher in splenocytes from these mice compared with those
from mice drinking the water, sterilised or heated milk. In con-
trast to IL-4 and IL-10, IFN-y levels were found to be highest
in OVA-restimulated splenocyte cultures from control mice.
When splenocytes from OVA-presensitised and orally chal-
lenged mice were restimulated with OVA, IFN-y levels were
found to be similar for all the groups and approximately
60% lower compared with control mice (Fig. 4(C)).

Discussion

There is an increasing body of knowledge that associates a
reduction in childhood asthma and allergies with consumption
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Fig. 3. Plasma levels of ovalbumin (OVA)-specific (A) IgE, (B) 1gG+ and (C)
19G2,. Mice presensitised with OVA by intra-peritoneal injections were then
challenged four times with 50mg OVA. Non-sensitised control mice were
challenged with saline. Plasma was collected from all mice (n 8 per group)
2h after the last challenge. Levels of OVA-specific antibodies were measured
using ELISA kits. Values are geometric means of arbitrary titre units (TU),
with their standard errors represented by vertical bars. °°Mean values with
unlike letters were significantly different (P<0-05; ANOVA).
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Fig. 4. Culture supernatant levels of (A) IL-4, (B) IL-10 and (C) interferon-y
(IFN-y). Mice presensitised with ovalbumin (OVA) by intra-peritoneal injec-
tions were then challenged four times with 50 mg OVA. Non-sensitised con-
trol mice were challenged with saline. Spleen was collected from each
mouse (n 8 per group) immediately after killing, 2h after the last challenge.
Isolated spleen cells from individual mice were cultured in the presence of
OVA (100 png/ml) for 48h. Cytokine levels in supernatants were measured
using ELISA kits. Values are geometric means, with their standard errors
represented by vertical bars. °°Mean values with unlike letters were signifi-
cantly different (P<0-05; ANOVA).

heated milk or water as measured by the levels of MMCP-1 and
specific IgE antibody. Furthermore, in splenocytes harvested
from the different groups, we observed differential cytokine
responses when the cells were re-exposed to the antigen.

In the present study, the raw milk contained substantial
levels of viable bacteria compared with the sterilised and
heated milks; the levels of LPS were low in the chilled raw
milk, although they rose after a time at room temperature.
A study measuring endotoxin levels in farm milk has shown
that LPS levels in untreated milks were similar to or even
lower than those in commercial milks; the difference is
thought to be due to storage factors and freshness of
milks"">. Paradoxically, endotoxins have been shown to
both protect against and exacerbate allergic responses. On
the one hand, it can act as a primer or adjuvant, and augment
asthma or atopic inflammation®. On the other hand, signal-
ling by intestinal microbes via LPS and Toll-like receptor-4 can
reduce allergic responses as demonstrated by the higher
susceptibility to food allergy in mice lacking a functional
Toll-like receptor-4'7. Epidemiological studies have shown
that early-life exposure to environmental microbes had a
strong effect on the expression of Toll-like receptors with a
continued increase in expression with additional microbial
exposure through childhood™®. Oral ingestion of milk-
derived bacteria could theoretically result in the colonisation
of these micro-organisms in the gastrointestinal tract; however,
in the present study, we did not analyse the microbiota to
establish this hypothesis. Studies have shown that the com-
mensal microbiota are established in early life and that they
largely reflect the commensal population of the mother®.
Later consumption of dietary bacteria (probiotic) does
not appear to readily induce the establishment of the
microbiota®”. In the present study, mice were introduced to
different milks at weaning and maintained on this regimen
throughout the study; therefore, the live bacteria contained
in the raw milk were present during the course of the treat-
ments and may have influenced the allergy outcome.

The protective effect of raw milk has been attributed to the
presence of non-denatured bioactive Ig and other immuno-
modulatory proteins such as lactoferrin, TGF-B and IL-10V.
We showed that gamma sterilisation induced some modifi-
cation to milk proteins as illustrated by the different banding
patterns in SDS—PAGE gels, suggesting a change in the integ-
rity of milk proteins. Nonetheless, the dominant whey
proteins in the sterilised milk were still bound by their
specific antibodies in immunoassays, suggesting that the
three-dimensional structure and, therefore, antigen recogni-
tion of these proteins was probably not appreciably changed.
The measurable levels of some proteins detected by ELISA
were reduced by irradiating the milks; IgA and the cytokine
TGF-B were the most affected, with their detectable levels
being reduced by 40 and 48%, respectively. Conversely,
IgG, IgM and P-lactoglobulin were largely unaffected by
irradiation. Heat-treating milks, by heating up to 87°C, was
obviously a much harsher process, illustrated by the denatura-
tion of many of the milk proteins, as assessed by their capacity
to be bound by a specific antibody. All Ig isotypes in the
heated milk were undetectable by ELISA, and the measurable
levels of other whey proteins, including B-lactoglobulin,
a-lactalbumin and albumin, were also severely reduced by
the heat treatment compared with their levels in the raw
milk. It is interesting to note that of all the proteins measured,
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TGF-B was least affected by the heat treatment with levels
in the heated milk similar to those in the sterilised milk.
However, although there were marked differences in the
denaturation of milk proteins between the sterilised and
heated milks, there were only small differences in the allergic
responses of mice drinking these two milks.

Heating milks is an accepted commercial practice to make
milks safe for consumption and to increase their shelf life. Pas-
teurisation, either at 72°C for 15s (high heat, shorter time) or
at 65°C for 5min (low heat, longer time), is a standard treat-
ment of milk and extends the shelf life of milk for up to
2 weeks at 4°C. UHT milk is treated at a very high temperature
(120°C) for 2—3s, and allows the milk to be stored unopened
for very long time periods (up to 9 months) at room
temperature. In the present study, the heat-treated milk was
heated up to 87°C while stirring on a hot plate and then
placed in a refrigerator to cool. This treatment replicated the
reported process used by farming people, if they were heat
treating their milk before consumption'”, and it would be
most similar to the UHT type treatment, as the milk was
heated for an extended period of time at high heat.

Higher heat and longer treatment times are expected to
increase the modification to the milk proteins. The most
common effect of heat on milk proteins is the formation of
glycation products®®. Milk is the ideal matrix for Maillard
reactions, due to its high content of protein and lactose®? .
Heat treatment also causes proteins to cross-link with one
another, along with causing oxidation reactions including
lipid oxidation®”. All of these factors will result in a milk
product that has a different composition from that of the
raw milk. These changes may have an impact on the allergeni-
city of milk proteins®”. However, this does not explain why
drinking differently treated milks would change the allergic
responses to a non-milk protein, as shown in the present
study, in which the allergic responses to OVA were influenced
by the type of milk in the diet.

Interestingly, it was observed that mice appeared to like
drinking milk especially when it was fresh, as these mice
would rush up to drink the new milk when it was introduced
to the cage. Mice drinking water did not behave in this manner
when fresh water was introduced. On the days that mice were
fasted overnight before the oral challenge treatment, water
was supplied instead of milk. Mice normally given milk ran
up to drink, but after tasting the water, they stopped drinking
and moved away before coming back and repeating the pro-
cess several times. This suggested that their behaviour of rush-
ing up when a new bottle was introduced was not because
they were overly thirsty and that they had very obviously
noticed the change in the liquid supplied in the drink bottles.

The murine model of gastrointestinal allergy used in the
present study was developed using OVA antigen(zm. OVA/
alum-presensitised mice subsequently exposed to repeated
doses of intra-gastric OVA exhibited a dose-dependent allergic
response illustrated by gastrointestinal anaphylaxis, with
symptoms of diarrhoea usually occurring within 30 min of
exposure to the fourth dose. In the present study, we used
similar conditions and observed that there was no symptoms
of diarrhoea occurring in any of the mice, even in those that

exhibited adverse physical symptoms. In the Brandt model,
induction of diarrhoea was dependent on the number of
Challenges(z()), suggesting that in the present study, diarrhoea
could have been induced with a greater number of
challenges. However, the challenge treatment in the present
study did induce differential effects as determined by both
serum MMCP-1 and specific OVA antibody responses in mice
and antigen-induced cytokine responses in splenocytes.

Mice fed the raw milk had higher MMCP-1 and specific anti-
gen IgE responses than those fed the water, heated milk or
sterilised milk. This finding was unexpected. Epidemiological
studies have suggested that drinking raw milk reduces allergy
manifestation’®. In addition, we found that splenocytes from
mice fed the raw milk also produced higher levels of IL-4
than those from the controls, although in this case, the
response of mice fed the raw milk was similar to that of
mice fed the heated milk, sterilised milk or water. IL-4, a cyto-
kine produced by T-helper type 2 T-cells”*”
role in the allergic process, inducing the production of IgE
and the differentiation and expansion of T-helper type 2
T-cells in an autocrine fashion®. While the sensitised and
challenged groups all had similar elevated levels of IL-4,
splenocytes from the group drinking the raw milk produced
significantly higher levels of the regulatory cytokine IL-10.
This cytokine plays an important role in suppressing inflam-
matory-type responses  including  allergy®>?.
So while mice drinking the raw milk reacted with a higher
overall allergic response in vivo, they also produced a greater
regulatory response upon restimulation of their cells with the
antigen in vitro.

There were significant differences identified between the
raw and treated milks in the present study. Bacteria were
killed by both gamma sterilisation and heat treatments, and
many other changes also occurred in milk components
when they underwent their different treatments, with protein
denaturation most evident in the heated milk. That there

, plays a central

immune

was little difference between the allergic responses of the
groups fed the heated and sterilised milks may suggest that
protein denaturation did not contribute to the differential
responses observed in the present study. These data are in
contrast to the conclusions drawn by Loss et al.”, suggesting
that the protective effect of raw milk correlated with the pre-
sence of non-denatured whey proteins and that there was no
association with viable bacteria. However, more work is
needed to fully understand the role of milk components in
differential allergic responses.

We have shown a change in allergic responses that is
dependent on whether the diet contained raw milk or treated
milks. Overall, the present study adds to the evidence that
consuming different types of milk can affect allergic responses
to a non-related dietary antigen.
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