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Abstract

Sports nutrition is a dynamic area that generates new concepts
and data every day. The reason for this is the potential that nutrients
have to improve performance through energy provision, recovery,
attenuation of muscle damage and pain, prevent the occurrence
of injuries, etc. All of these aspects are related to skeletal muscle
metabolism. Some foods can provide specific nutrients in the correct
form and amount in order to contribute to muscle metabolism
requirements. In this concept, milk represents an interesting food
that has demonstrated positive and significant results in muscle mass
and strength when associated with resistance exercise in humans. In
contrast, there are some discussions about milk intake that go against
the well-documented effects relatedto sports science. The arguments
used in such discussions mainly include: digestibility, intolerance,
allergenic potential, and aspects related to its composition. Thus, can
milk be considered an ergogenic food or a risk in improvements of
skeletal muscle metabolism?
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Introduction

Nutritional supplements have been emerged as potential
ergogenic aids that can improve exercise performance. Among
the exercise-induced physiological adaptations, skeletal muscle
hypertrophy and strength, delayed onset muscle soreness and
pain, muscle damage, tolerance to fatigue,and acidosis (commonly
expressed as time-to-exhaustion and decrease in time-trial tests)
are the main responses that can be improved through the intake
of some nutritional supplements. Therefore, it is plausible to
assume that some compounds are able to improve resistance
exercise-induced muscle adaptations, while others are directed
to intermittent and/or aerobic exercises. Although there are
significant differences among the exercise variables according
to the type of the exercise, several studies and meta-analyses
have suggested that the main route by which the majority of
nutritional compounds act in order to promote ergogenic effects
are related to exercise volume or to post-translational muscle
signaling [1-3].

Regarding resistance exercise, muscle mass accretion and
strength are the main physiological adaptations observed in
response to a training program. Skeletal muscle hypertrophy can
be defined as the accumulation of contractile proteins that results
in the increase of sarcomeres size, while strength is defined as
the capacity of the muscle to produce force [4]. These adaptations
are coordinated by several exercise variables that include:
volume (number of exercise, sets, and repetitions), intensity, rest
intervals, and frequency. Among these, it has been accepted that
the most responsive variable depending on the nutritional stimuli
appears to be the exercise volume. Thus, it is possible to assume
that some nutrients are able to increase resistance exercise
volume (repetitions) that, chronically, can induce an increase in
muscle mass and strength. Basically, these are compounds that
have phosphates in their structure to provide energy or can delay
exercise-induced muscle acidosis, such as creatine and beta-
alanine, respectively [2, 5].

However, Essential Amino Acids (EAA) are potential ergogenic
supplements that can improve muscle hypertrophy and strength
and do not present phosphates in their structure neither can
attenuate muscle acidosis. The increase in EAA availability has
been described to optimize skeletal muscle post-translational
modifications induced by resistance exercise, i.e. phosphorylation
through a calcium-dependent process, which can result in the
increase of the efficacy and efficiency of ribosomal translation of
contractile proteins (actin, myosin, etc.) [6]. Therefore, EAA intake
stimulates resistance exercise-induced muscle protein synthesis
through translation initiation of the messenger RNA (mRNA) that
can result in the accumulation of contractile proteins and, in long
term, it is expected that muscle strength can also be increased in
response to muscle hypertrophy. The most known and studied
supplement able to provide EAA (with the adequate amount of
leucine, which will be discussed later) is the protein obtained
from milk fraction called whey protein [7, 8].

Recently, some research groups have demonstrated that
some foods can also induce a similar response of whey protein
supplementation on resistance exercise-induced muscle
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adaptations. Milk presents an interesting composition regarding
EAA and has emerged as a potential ergogenic food able to
increase muscle mass and strength in humans. Some authors
have classified milk as a “sports drink” because of its ergogenic
potential in humans [9]. However, some studies discuss the
possible adverse effects of milk intake in humans because of
its allergenic potential, low capacity to digest protein sub-
fractions, and intolerance presented by some individuals.
Thus, the aim of the present narrative review is to discuss the
physiological implications of milk intake in humans in terms of
adverse effects such as digestibility, allergy, intolerance and the
resistance exercise-related benefits. The origin of both of positive
and negative evidences as well as the experimental design of
the studies will be discussed in order to provide to the reader
information to be used in clinical practice and to exercise the
critical sense about the evidences.

Human'’s digestibility to milk proteins fractions

Cow's milk is basically composed of water, lipids,
carbohydrates, proteins, vitamins and minerals, such calcium and
phosphorus. Although there are many process that can improve
the quality of milk composition - i.e., addition of vitamins A and D
-,itis supported by numerous studies that cow's milk composition
may differ according to many factorsincluding genetic, stage of
lactation, ruminal fermentation, udder infections, production
and processing practices, seasonal and regional differences and
mainly, regimen feed [10-14].The regimen feed exerts substantial
implications on milk composition;n, especially regarding to the
content of fatty acids - cow which were fed predominantly with
fodder has distinct fatty acid profile than milk from cows which
were fed with seeds and grains [15, 16].

The lipid content of cow’s milk is made up of over 400 distinct
species of fatty acids, being considered the most complex fat
present in the human diet. Source of saturated fatty acids, the
milk fat also contains smaller amounts of butyric acid, palmitoleic
acid, conjugated linoleic acid, and phytanic acid. Although they
constitute only a small percentage of fatty acids presentin fat milk,
it is suggested that these may still be biologically relevant[14].
The main carbohydrate found in cow’s milk is lactose which
represents about 5% of milk total components. Regarding protein
content, milk is composed of two major types of proteins with
different amino acid profiles: casein (protein phosphate divided
into four major classes - alpha s1, alpha s2, beta and kappa)
and soluble proteins (also known as whey, represented by beta-
lactoglobulin, alpha-globulin, serum albumin, immunoglobulins,
lactoferrin and other minor fractions with high concentrations
of sulfur amino acids) [17]. Some factors are associated with
variations in the amount of proteins in cow’s milk - as cows
became older, the proportion of casein decreases [18].

The protein digestion is a complex process in which occurs
exchange of proteins, peptides, amino acids, urea, and ammonia
from the intestinal lumen to systemic sites [19, 20]. After this
process, the hydrolysis of these proteins through the action of
enzymes such as trypsin, chymotrypsin, pepsin, thermolysin,
pancreatin, carboxypeptidases and endopeptidases occurs,
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releasing oligopeptides, dipeptides, tripeptides and free amino
acids for intestinal absorption [19, 21]. Milk proteins present 95-
96% of digestibility and 74% of protein postprandial utilization
on average [22, 23].

To the best of our knowledge, the most well controlled
studied evaluating this question was conducted by Boutrou
et al. [19]. In a very elegant study, the authors determined the
kinetics formation of peptides in the jejunum after intake of two
protein sources. Volunteers were equipped with a double-lumen
nasogastric tube to the proximal jejunum and ingested 30 g of
15N-labeled casein or whey protein. Beta-casein was the main
peptides precursor founded. The authors observed a total of
356 and 146 peptides in the proximal jejunum after casein and
whey intake, respectively. However, these data represent only
the partial result of protein digestion and cannot be assumed
as indigestibility of milk proteins. It is important to consider
that these peptides can suffer hydrolysis by aminopeptidases
present in the enterocytes posteriorly. Furthermore, the authors
conclude that it must be investigated if these peptides have or not
biological activity.

Although some professionals argue that humans cannot
digest some fraction of milk proteins, it is important to emphasize
that there are no well controlled clinical studies confirming such
information in humans. Studies that demonstrate the deleterious
effects of milk intake in the gastrointestinal tract come from
experimental models (mainly rodents). However, it is important
to emphasize that rodents is a specie that did not evolve to milk
intake and do not follow the same dietary and environmental
pattern than humans. Therefore, it not possible to extrapolate
experimental evidences to the clinical practice. We can assume
other factor like milk composition and lifestyle (discussed later)
can be considered crucial when relating milk with health side
effects.However, the data presented by Boutrou et al. [19] should
be considered as the first evidence that human digestibility of
milk fractions it is an important point that should be addressed
in future studies.

Since it is not the focus of the present review to discuss the
lack of evidences in humans, we will consider if milk intake
promote or not ergogenic effects in humans when submitted
to resistance exercise. Several reports have described that the
limiting factor to protein intake-induced muscle hypertrophy
and strength is the aminoacidemia pattern, especially leucine
threshold (leucinemia).Thus, despite of digestibility, the major
concern of milk intake to optimize resistance exercise-induced
muscle adaptations is the possibility achieve the ideal pattern of
aminoacidemia (and leucinemia).

Intolerance and allergenic potential: clinical evidence

Although cow’s milk allergy and cow’s milk intolerance are
two differentterms, they are often used interchangeably, resulting
in confusion both in clinical practice and in research reports [24].
So to address this issue, we define them. Cow’s milk allergy is
an immunologically mediated reaction to cow’s milk proteins
that may involve the gastrointestinal tract, skin, respiratory
tract, or multiple systems, i.e, systemic anaphylaxis. It present
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heterogeneity and is closely related to the immunological and
clinical phenotype [25]. Its prevalence in the general population
is probably 1 to 3%, being highest in infants and lowest in adults.
Even though it can cause severe morbidity and even fatality [24].

The immune response arising from the intake of milk is
directly related to the types of protein. For over two decades,
there are publications with milk allergy, most showing effects in
children during the first two years. Host demonstrated in a cohort
of 1749 newborns that 2.2% developed allergy/intolerance to
cow’s milk, and all of which had ingested cow’s milk formula
(40-830mL) neonatally while 12% without supplements of cow’s
milk formula did not develop the same symptoms. The main
conclusion is early neonatal cow’s milk protein intake is probably
a condition of sensitization and development of later adverse
reactions, both intolerance as allergy [26].

Consumption of cow’s milk and immune responses has also
been described. Mostly, cow’s milk allergy is caused by IgE-
mediated (type ) reactions, but evidence for type III (immune
complex) reactions and type IV (cell mediated reactions)
have been demonstrated and reviewed by Host [27, 28]. More
recently, it was demonstrated in cow’s milk-sensitive esophagitis
that there is dense infiltrate of eosinophils and increased T cell
activation with upregulation of the chemokine eotaxin. In cow’s
milk-sensitive enteropathy, there is T cell activationwhich often
results as a sequel of gastroenteritis.There is evidence of reduced
Th1 response in these children, even those who were breastfed
but who were not sensitized by the components of breast milk in
response to food intake of the mother. This is maybe related to IgA
deficiency and low levels of cytokine transforming growth factor
beta [29]. Despite the lack of studies in adults with this approach,
it is possible to speculate a potential correlation between these
responsestriggered in childhood that may be responsible for the
symptoms in adults. However, such information must be studied
and confirmed. The prognosis of cow’s milk allergy is good with
aremission rate about 45-50% at one year, 60-75% at two years,
and 85-90% at three years. Associated adverse reactions to other
foods especially egg, soy, peanut and citrus represents about
41-54%, and allergy against inhalants is about 50-80% before
puberty [27].

Considering the previous information described, the
characterization of allergy to cow’s milk as prevention and
treatment have been defined and is supported by the American
Academy of Pediatrics’ and the European Society of Pediatric
Gastroenterology, Hepatology and Nutrition recommendations
[30]. But the process of re-introduction of allergenic proteins in
adults remains a topic of debate[25].

On the other hand, cow’s milk intolerance should refer
to nonimmunologic reactions, such as disorders of digestion,
absorption, or metabolism of some components [24]. Food
intolerance, may be defined as a reproducible adverse reaction to
the ingestion of a food or to any of its components, i.e. proteins,
carbohydrates, fats,and additives,and includestoxicand metabolic
reactions [29]. The most common cause when considering the
consumption of cow’s milk is lactase enzyme deficiency, which
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is mostly acquired during late childhood or adulthood [24]. It
appears to be more prevalent in dark-skinned populations and
lowest in northern Europeans. For example, lactose tolerance is
exceptionally widespread in Northern European countries such
as Sweden and Finland, with tolerance levels of 74% and 82%,
respectively. In a survey of a population-representative sample
of 2251 Canadians aged = 19 years conducted by Barr [31], 16%
self-reported lactose intolerance. This was more common in
women and in nonwhitesand less common in those > 50 years of
age. This latter finding is surprising, since normally the organic
aging process generates a decrease in enzyme production.

Unlike cow’s milk allergy, most research of intolerance to
cow’s milk is related to specific diseases and disorders in the
gastrointestinal tract. For example, irritable bowel syndrome
patients with diarrhea often report milk intolerance, most of
all because lactose intolerance. Gas production and visceral
hypersensitivity both contribute to digestive symptoms,
especially bloating and borborygmi, in irritable bowel syndrome
patients after lactose ingestion [32]. But in this case, the
symptoms are not limited to the gastrointestinal tract. Patients
can be characterized by anxiety, mucosal immune activation and
increased visceral sensitivity after lactose ingestion [33].

Although double-blind studies show that lactose-intolerant
individuals can consume moderate quantities of milk products
without perceptible symptoms, many who perceive that are
lactose intolerant should limit or avoid milk products, which
can potentially compromise calcium and vitamin D intakes [31].
Therefore, the nutritional control should always be prioritized,
regardless of the presence of allergy or intolerance, respecting
the individuality and polymorphisms of patients.

Milk and sports performance
Acute effects on resistance exercise

Although there are few acute evidences evaluating the effects
of milk intake associated with resistance exercise, the available
studies were performed in a well-controlled design with gold
standard methodologies, which implies in strong reliability of
the data. It is important to emphasize that acute data does not
necessarily reflects a chronic result because of the limitations
imposed by the experimental design (for example, exercise in
the post-absorptive state), but suggests potential long-term
implications in terms of effectiveness and safety.

In a very elegant study, Wilkinson et al. [34] examined
the effects of consuming an isonitrogenous, isoenergetic, and
macronutrient-matched soy or milk beverages on skeletal muscle
protein balance after resistance exercise in healthy young men
in a randomized and single-blinded fashion. In the morning after
an overnight fast, subjects consumed a standard beverage and
performed 4 sets of 10 repetitions of a standardized unilateral
leg workout (leg press, hamstring curl, and knee extension) at
80% of 1 Repetition Maximum (1RM) and then ingested a 500-ml
drink contained either nonfat milk or soy. The authors measured
skeletal muscle protein synthesis through the infusion of the
radioisotope L-[1-13C]leucine before and after 180 minutes of the
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exercise protocol. Both interventions resulted in a positive net
protein balance. However, milk intake promoted greater protein
balance after exercise (p < 0.05). Similarly, skeletal muscle protein
synthesis rate was also significantly increased after milk intake
when compared to the soy consumption (0.10 + 0.01%-h vs.
0.10 £ 0.07%-h). Therefore, milk intake promotes significantly
increase in muscle mass accretion after resistance exercise which
suggests that, chronically, skeletal muscle hypertrophy and
increase of strength could be expected.

Recently, Cockburn et al. [35] evaluated the effects of a
carbohydrate-protein milk supplement on exercise-induced
muscle damage. In a randomized design, healthy male subjects
who competed in semiprofessional soccer were submitted to a
bout of 6 sets of 10 repetitions of unilateral eccentric-concentric
knee flexions at 1.05 rad.s® and consumed 500 ml of semi-
skimmed milk or water. Although no differences were observed
in blood markers (creatine kinase and myoglobin; p > 0.05)
and in delayed onset muscle soreness during 72 hours of the
intervention (p > 0.05), milk intake demonstrated a possible
benefit for limiting increases in 10-m sprint time 48 hours after
the exercise protocol. Furthermore, a likely benefit of attenuating
increases in 15-m sprint time was observed 48 and 72 hours
and for attenuation of increases in agility time 72 hours after the
intervention.

It should be emphasize that in both studies the authors did
not describe any exclusion criteria adopted for the volunteers,
which implies a probability of milk-intolerant and -allergic
subjects were included in the study. Additionally, no exclusions
of subjects were reported because of adverse effects. Such data
corroborate the recent perspective of Melnik et al. [36] that the
metabolic effects of milk protein intake (including the adverse
effects) have to be regarded in the context of the individual’s
pre-existing metabolic (obesity, insulin resistance) and exercise
status (sedentary life style).

Chronic effects on resistance exercise

Since acute studies provide potential results of milk intake
regarding resistance exercise-induced muscle adaptations,
chronic studies are the second the step needed to confirm such
information with greater external validity. The studies described
below are considered well controlled in terms of methodological
tools and are conducted in order to extrapolate the data to
the real world. This is quite important when we consider milk
intake because there are several arguments that are discussed
against its benefits but that were not well studied or evaluated.
It is important to emphasize that in these studies described the
subjects were not submitted to dietary control, i.e. maintained
their habitual food intake. Thus, the absence of adverse effects
and ergogenic results observed can just be attributed to the
exercise program associated with milk intake.

The same study of Wilkinson et al. [34] was posteriorly
conducted in a randomized chronic design by the same group
[37]. The subjects performed 12 weeks of rotating split-body
resistance exercise 5 days/week and consumed 1 hour after each
exercise bout fat-free milk, fat-free soy protein or maltodextrin.
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Both protein interventions were isoenergetic, isonitrogenous,
and macronutrient ratio matched. In this chronic study, subjects
who reported being lactose intolerant or having any history of
milk protein allergy were not allowed to participate. Fat-free milk
intake resulted in greater increase in type 2 muscle fiber when
compared to other groups (p < 0.05) and in type 1 muscle fibers
when compared to the maltodextrin group (p < 0.05). Fat- and
bone-free mass also showed greater increase in milk group when
compared to the others (p < 0.05). No significant differences
were observed in strength measure among groups (p > 0.05).
These results confirm the acute data presented by Wilkinson et
al. [34] demonstrating that, in this case, skeletal muscle protein
synthesis is a strong predictor of muscle hypertrophy and that
fat-free milk intake represent a potential nutritional strategy
to improve resistance-exercise induced muscle adaptations for
adult male individuals that do not present restrictions to milk
intake.

Josse et al. [38] randomized young women to drink either
fat-free milk or isoenergetic carbohydrate immediately after and
1 hour after exercise (500 ml/dose). The subjects followed the
same exercise regimen proposed by Hartman et al. [37]. Those
diagnosed with lactose intolerance or had any history of a milk
protein allergy were excluded from participating in the study. The
results pattern observed were quite similar to that observed by
Hartman et al. [37]. Lean body mass increased more significantly
in the milk group and compared to the placebo (p < 0.01) and
fat mass decreased only in the milk group (p < 0.01). However,
contrary to the findings of Hartman et al. [37], isotonic strength
increased more in the milk group when compared to the placebo
(p < 0.05). Again, these data clearly demonstrate that milk has
a strong ergogenic potential to be considered during resistance
exercise training programs for men and women that do not
present restriction to milk intake.

In a randomized design, Josse et al. [39] also evaluated the
effects of resistance and/or aerobic exercise associated with
hypoenergetic diet varying in protein and calcium content from
dairy foods on weight and fat mass loss and lean mass gain in
overweight and obese premenopausal women. Subjects were
randomized in 3 groups which received high protein and high
dairy (30 and 15% of energy), adequate protein and moderate
dairy (15and 7.5% of energy), and adequate protein and low dairy
(15 and < 2% of energy) during 16 weeks. The dairy products
used to control dairy and calcium intake were: chocolate milk,
source yogurt, white milk, and cheddar cheese. Interestingly, this
study described the inclusion and exclusion criteria. Low dairy
products intake, sedentary life style and regular menstrual cycle
were considered inclusion criteria, while metabolic risk factors
(cholesterol, insulin, and glucose concentrations and blood
pressure), clinically diagnosed dairy protein allergy and lactose
intolerance were adopted as exclusion criteria. The results
demonstrated thatall the groupslost body weight and fat, but high
protein and high dairy intake group presented a greater weight,
visceral adipose tissue, and trunk fat loss when compared to the
others during 8-16 weeks (p < 0.05). Furthermore, high protein
and high dairy intake group gained significantly more lean body
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mass when compared to the others (p < 0.05). Therefore, it is
possible to conclude based on such well-controlled data that the
chronicdairy intake associated with exercise promotes significant
reduction in body weight and adipose tissue and increase in lean
body mass in female premenopausal subjects that are not allergic
to dairy protein and lactose intolerant.

Conclusion

Although evidence shows that milk consumption has
beneficial effects on physical exercise, some parameters
must be considered. First of all, biochemical individuality
must be evaluated when prescribing any food or supplement.
Professionals should follow the nutritional conduct and guide the
best form of consumption according to well-controlled clinical
trials. Thus, food intolerance or allergies should be evaluated
previously to the recommendation.

It is also important to evaluate the gastrointestinal function
in order to minimize some disturbances. In some comes,
milk or dairy products intake may be reduced or disallowed.
Furthermore, the professional must be aware of other conditions
that may interfere with intestinal metabolism, such as lifestyle
in which the individual is exposed (stress, inadequate nutrition,
excessive physical activity, sedentarism, insulin resistance,
among others).
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