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Abstract
The components of milk are a complex ingredient and its processing should be the combination of a thermal and non-thermal
method to retain its health benefits. High intensity pulsed electric fields with thermal exposure are beneficial for milk stability. The
biological benefits of different milk such as cow, camel and human milk were discussed in this review paper. Camel milk
significantly increased anti-oxidant biomarkers in autistic children and hence reduces oxidative stress to improve autistic
behaviour. The fermented dairy products, such as camembert cheese generates anti-inflammatory compounds which may exert
therapeutic benefits in Alzheimer disease. This paper also discusses the relation between whole milk and blood lipid
concentrations with respect to cardiovascular risk; the milk did not lead to significant changes in blood cholesterol. The moderate
intake of whole milk may be ideal for optimal health; hence it has less triggers mechanistic target of rapamycin complex 1 activity
which is responsible for cancer cellular growth. This review paper also discussed infectious diseases, microbial resistance, and
allergic disease.
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1. Introduction
Worldwide consumption of milk from livestock products were
expected to projects up to 89.5 Kg per year/person in 2030
from only 78.1 Kg per year in between the year 1997-1999
(FAO 2013) [38]. It is well documented and known that, milk
possess valuable nutrients and contributes to our body
requirements such as calcium, magnesium, selenium,
riboflavin, vitamin B12 and vitamin B5 (FAO 2013) [38].
Breast milk has been recommended as the gold standard by
the World Health Organization (WHO) for growing young
children (FAO 2013) [38]. For full term new born baby, the
consumption of human milk of up to six months and above
has led to fewer cases of diarrhoea, vomiting and infections.
Apart from that it also helps to reduce the predisposition of
obesity and non-communicable diseases such as diabetes and
cardiovascular diseases in their adult life (Lönnerdal 2014)
[71]
.
Particularly for pre-term babies, breast milk is the best option
to support their survival. Pre-term babies (very low birth
weight) benefits from the intake of human milk because it
promotes good neurodevelopmental outcome, protection again
infections, low rates of metabolic syndrome in the long-term
and during adolescent years, associated with low blood
pressure and lower risks of insulin resistance. Milk glycan
components in breast milk has prebiotic effects that helps with
the prevention of diseases such as necrotizing enterocolitis, a
common and devastating diseases of preterm infants (Pacheco
et al. 2015) [90].

However, in some cases, due to some health issues of the
mother or the children, animal milk is considered for
consumption to support growth. Different types of animal
milk with varying level of nutrients are available and
consumed in different parts of the world. Five of the most
common milk producing animals worldwide are from cows,
buffaloes, camel, goat and sheep (Lönnerdal 2014) [71].
Nowadays, milk from yak, donkey, camel, reindeer, horses
and moose are also consumed but depends on the regional
locations and availability. (FAO 2013) [38]. It was found that
some of these varying sources of milk have therapeutic effects
such as the treatment of metabolic disorder, prevention of
cardiovascular diseases and by arthritis (Uniacke-Lowe et al.
2010; Uniacke-Lowe and Fox 2012) [119, 118]. In particular,
gaining its popularity nowadays is camel’s milk which has
been believed to have therapeutic effects towards the
treatment of disorders such as jaundice, tuberculosis and
asthma (Kumar et al. 2016) [25].
Cow’s milk is the most commonly consumed animal milk,
thus largely commercialized globally to make up about 85%
of milk global production (Claeys et al. 2014) [35]. However,
animal milk contains low iron, which makes it not suitable for
infants/ growing children under twelve years old (FAO 2013)
[38]
. It is very well documented, that infants and young
children that consumes cow’s milk has detrimental effects on
their body iron stores (Ziegler 2011) [127]. Several mechanisms
has been identified contributing to this factor including low
iron levels presence in cow’s milk, intestinal blood loss as a
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results from cow’s milk consumption during young age (40%
of occurrence) and the inhibition of iron absorption by
calcium and casein which are found to high in amount in
cow’s milk (Ziegler 2011) [127]. Apart from low iron levels
found in animal milk sources, consumption of animal milk has
also been associated with the increased risk of being
overweight or obese in the adult years when consuming more
number serving than daily consumption milk as part of a
healthy and balanced diet. (Ziegler 2011; FAO 2013) [38, 127].
Over breast milk, animal milk such as cow’s milk has been
recommended to be taken at the modest level as much as
possible (Ziegler 2011) [127].
For formula milk, there has been an attempt to add
supplementation to improve its quality similar to breast milk,
for better health benefits. One attempt was to add milk fat
globule membranes containing bioactive compounds as found
in breast milk (Hernell et al. 2016) [54]. Oligosaccharides
found in milk possess important functions related to the
newborn’s development and health, prebiotic pro bifidogenic
effects, anti-adherence of pathogenic bacteria, and
immunomodulation (Goehring et al. 2014; Hsieh et al. 2015)
[47, 56]
. The inclusion of Milk Fat Globule Membrane (MFGM)
supplementation in milk has also helped to reduce the
incidence and duration of illness, improved nutrients status
and cognitive development during the first year of life in
children (Hernell et al. 2016) [54]. The consumption of milk by
the children (1-12 years) that contains MFGM
supplementation was found have higher hand, eye
coordination and higher skill performance (Hernell et al.
2016) [54]. Studies have also shown that camel milk have
promising therapeutic treatment of autism after 2 weeks
consumption (Al-Ayadhi et al. 2015; Kumar et al. 2016) [6, 25].
The consumption of milk is also beneficial for adults. Studies
has shown that the intake of fermented milk containing
probiotic bifidobacterium bifidum has led to reduced gastric
symptoms such as stomach pain, bloating or constipation
(Gomi et al. 2015) [48]. The intake of cow’s milk has also been
beneficial in the prevention of several chronic diseases such as
heart diseases, some form of cancer and diabetes (Pereira
2014a) [94]. Milk-derived proteins and peptides have the
potential to act as co-adjuvants in conventional therapies,
addressing cardiovascular diseases, metabolic disorders,
intestinal health, and also chemopreventive (Hsieh et al. 2015)
[56]
. Consumption of milk has also been found to be beneficial
for the elderly age group as it have positive impact on
cardiovascular health, bone health and weight management
(Wolfe 2015) [121]. This review discusses and analysis the

breast milk, processed milk and camel milk with their
nutritional values as well as advanced milk processing
technique.
2. Materials and Methods
This review article that obliged as a base for the current
update of milk processing and its effect of major diseases was
compiled by using Google Scholar and Science Direct
databases, and the search was directed by using terms such as:
milk and its biological effects on human health: neurological
conditions, cardiovascular diseases and cancer including novel
processing methods of milk and it shelf life periods. This
review also will be useful to update their knowledge of healthcare professionals such as pharmacist, nutritionist and biomedical
scientist about effect of milk on various chronic diseases.
3. Milk Composition
3.1 Percentage composition of the main constituents in milk
The main constituents in cow milk are water, fats, proteins,
lactose and minerals. Milk also contain trace amounts of
pigments, enzymes, vitamins, lipids and gases. (Bylund 2015)
[27]
. The percentage quantities of the constituents can vary
considerably between individual cow breeds and processing
methods. Thus, the reported values in Table 1 are an example
of a percentage composition of the main constituents in milk.
Table 1: Percentage composition of main constituents in cow's milk
(Adapted from (Bylund 2015) [27]
Constituents
Percentage composition*
Water
87%
Fats
3.9%
Proteins
3.4%
Lactose
4.8%
Minerals
0.8%
*may vary between different breed and processing methods

3.2 Milk Fat
Milk fat is composed of 99% neutral lipids. triglycerides
(triacyl glycerols) being the predominant group, accounts for
95% of the lipid fraction and are composed of fatty acids of
different lengths and saturation.(Jensen 1996) [58] Diglycerides
make up 1-2% of this fraction, followed by very small
amounts of monoglycerides, some sterols and free fatty acids.
More than half of milk fatty acids are saturated and while
there could be more than 200 types of fatty acids in milk, only
fatty acids that are available in significant amounts are listed
in Table 2.

Table 2: Fatty acid content (saturated and unsaturated) of milk fat (Adapted from (Jost 2000; Fox and Kelly 2012) [61, 43]
Saturated fatty
acid
Butyric acid
Caproic acid
Caprylic acid
Capric acid
Lauric acid
Myristic acid
Palmitic acid
Stearic acid
Total

Chemical
symbol
C4:0
C6:0
C8:0
C10:0
C12:0
C14:0
C16:0
C18:0

Weight% of total fatty acid
content
3.3
1.6
1.3
3.0
3.6
9.5
26.3
14.6
63.2

Unsaturated Fatty
acid
Oleic acid
Linoleic acid
Linolenic acid
Linoleic acid
Linolenic acid
Total

Chemical
symbol
C18:1
C18:2
C18:3
C18:2
C18:3

Weight% of total fatty acid
content
29.8
2.4
0.8
2.4
0.8
33
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membrane proteins (Farrell et al. 2004) [39]. Table 3 lists the
concentration of these proteins. For the sake of simplicity,
only main classifications of proteins were listed.

3.3 Proteins
Milk contains hundreds of types of proteins and
conventionally have been classified into caseins, whey
proteins (also milk serum proteins) and other miscellaneous

Table 3: Concentration of proteins in milk (Adapted from (Jost 2000; Farrell et al. 2004; Bylund 2015) [27, 39, 61]
Protein - Mean concentration in
Caseins
milk (g/kg)
αs1-casein
10.7
αs2-casein
2.8
β-casein
8.6
κ-casein
3.1
γ-casein
0.8
Total
26

Percentage (%) of total
protein content (w/w)
32
8.4
26
9.3
2.4
78.3

Whey (serum)
proteins
α-lactalbumin
β-lactoglobulin
Serum albumin
Immunoglobulins
Proteose peptone
Total

3.4 Caseins, Whey proteins and Lactose
Caseins is the dominant class of proteins in milk, subdivided
into four major groups: α-s1 casein, α-s2 casein, β-casein and
γ-casein. Caseins are present in the form of micelles and selfassemble to make large clusters, with spherical diameters of
50 - 500 nm. These colloidal spheres scatter light, giving milk
its white colour. In contrast, whey proteins (also known as
milk serum proteins) are soluble, heat-sensitive proteins.
Whey proteins readily denature above 70°C, stopping
coagulation and gelling, thus holding implications in stability
and shelf-lives. However, this has a negative impact when
curding is needed for example in cheese production. In terms
of nutrition, α-lactalbumin in particular, has high nutritional
value and is found in the milk of all mammals. Their amino
acid composition is very close to what is regarded a biological
optimum. Lactose is a sugar found only in milk. It is about 30
times less sweet than cane sugar. The lactose content

Mean concentration in
milk (g/kg)
1.2
3.2
0.4
0.8
1.7
6.4

Percentage (%) of total
protein content (w/w)
3.7
9.8
1.2
2.4
5.1
21.7

represents roughly 50% of the total dry solids of skimmed
cow’s milk. Lactose, when heated at a high temperature could
turn brown and caramelise. Lactose could also be attacked by
enzymes producing lactic acid, which is one reason why milk
turns sour (Jost 2000; Fox and Kelly 2012) [61, 43].
3.5 Vitamins and Minerals
Milk is a good source for vitamins. Some vitamins are water
soluble, while others are fat soluble (refer to Table 4). Milk
contains a number of minerals. The most abundant mineral in
milk is potassium, followed by calcium (refer to Table 4).
Calcium is required to build up bone mass, however, the low
solubility of this mineral hampers its availability to the body
for bone growth. In milk, 70% of calcium exists in a complex
of phosphate and citrate ions, which is easy for our body to
digest (Mc Sweeney and Fox 2009) [89].

Table 4: Vitamin content in 100 g of whole milk (Adapted from (Jost 2000) [61]
Vitamins
Water-soluble vitamins, mg/100 g
Vitamin C
Panthothenic acid
Biotin
Folic acid
Thiamine (vitamin B1)
Riboflavin (vitamin B2)
Pyridoxine (vitamin B6)
Cobalamin (vitamin B12)
Fat-soluble vitamins, mg/100 g
Retinol (vitamin A)
Calciferol (vitamin D)
Tocopherol (vitamin E)

Amount (mg) per 100 g of whole milk
(mg/100 g)
1.7
0.35
0.004
0.006
0.04
0.18
0.05
0.0004
(mg/100 g)
0.03
0.00006
0.09

Table 5: Mineral content of milk (Adapted from (Jost 2000) [61]
Microminerals (g/mg) per kg of whole milk
Potassium
1.57
Calcium
1.20
Phosphorus
0.92
Sodium
0.48
Magnesium
0.12
-

Trace elements (g/mg) per kg of whole milk
Zinc
3.80
Iron
0.46
Aluminium
0.46
Fluorine
0.17
Iodine
0.11
Copper
0.10
Selenium
0.09
Manganese
0.02
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4. Novel milk processing
4.1 High-Pressure Milk Processing (HPP) Technology
This section discusses about advanced milk processing
methods compare to conventional milk processing methods.
Consumers nowadays prefer fresh, healthy, high quality and
micro-biologically safe milk products. A High-Pressure
Processing (HPP) technology for the milk processing has
proven to be very beneficial. Temperature during this process
may be maintained subzero to more than 100°C and exposure
times can be few seconds to over 20 mins. The HPP ranges
from 300 and 600 MPa are effective to inactivate milk -borne
pathogens and also it improves rennet or acid coagulation of
milk without damaging the quality of characteristics, such as
taste, flavour, vitamins, and nutrients. (CHOPDE et al. 2014)
[33]
.
4.2 High Intensity Pulsed Electric Fields (HIPEF)
Non-thermal treatments, the application of high intensity
pulsed electric fields (HIPEF) has been gaining interest over
the last decade for the milk processing. HIPEF is a method to
inducing the electric field on the liquid media flow (milk) in a
continuous system. The electrical charges applied on the milk,
fat content, pH and temperature are altered due to interference
in the conductivity of the ions such as the chlorides,
phosphates, citrates, carbonates, sodium, calcium and
magnesium. And also this application of HIPEF, leads to
reduction of globule size of the milk fat significantly
(Lindgren et al. 2002; Zulueta et al. 2007) [70, 128]. In contrary
another researcher reported that the application of HIPEF on
milk media may leads to form a complex composition of high
milk protein and this complex milk protein content may
prevent the microorganisms growth during storage or
transportation (Mabrook and Petty 2003) [74].
This method also decreases the pH of the milk, that leads to
solubilisation of casein micelles thereby, an increase in the
final conductivity of milk media considered lethal to microbial
survival (Lindgren et al. 2002) [70]. However with lower
frequency of HIPEF-treated milk (35 kV/cm, 188ls without
exceeding the outlet temperature of 52°C) reported that there
is no significant changes in physicochemical and nutritional
properties of the cow milk (MARTÍN et al. 1997; Bendicho et
al. 2002) [21, 77]. A pasteurized milk bulk-shipped to long
distant place is generally again pasteurized for a second time
after arrival for the safe consumption. This kind of double
thermal treatment that leads to reduction of sensual and
nutritional quality of milk; therefore, the use of a non-thermal
preservation is most suitable for milk industry. This double
thermal treatment issue was overcome by the researcher by
developing combination of thermal (High-temperature shorttime) with five pulsed electric fields treatments were applied
immediately after pasteurization. This kind of treatment has
been produced an extended-shelf life of the milk. This is type
of treatment were economically viable to bulk shipping of
milk products in different parts of the world without stability
issues (FERNANDEZ-MOLINA et al. 2005; Sepulveda et al.
2005) [40, 105]. The high-pressure treatment with thermal
approach, may improve the antigenicity of β-lactoglobulin (βLG) significantly due to increases its affinity to β- LG specific
to IgG as well as IgE (Chicón et al. 2008; Zhong et al. 2012)

[31, 126]

. The in vivo study conducted in rats and reported that
under high-pressure conditions, the treated milk protein β-LG
hydrolysates lost its allergenicity. This may be due to
disorientation of hydrolysates of its peptides and leads to lost
their capability to cross-link human IgE antibodies to induce
mast cell degranulation hence it lost its allergenicity (LópezExpósito et al. 2012) [73]. This high pressure method not only
improves the protein digestion and also enhances the surface
sterilization by irradiation due to formation of aggregates
(Borad et al. 2016; Gallier et al. 2016) [25, 44]. The pulsed
electric fields (PEF) applications makes the pores of the
bacterial lipid cell membrane during the milk treatment and
therefore the bacteria lost is integrity of cell wall membrane
and died (Pothakamury et al. 1997; Bendicho et al. 2002;
Barrea et al. 2015) [18, 21, 98].
The other research also reported that the combination of milk
processing and treatment such as PEF and mild thermal
treatment which leads to increase milk shelf life (Toepfl et al.
2007) [113]. The production of full-cream milk powder by high
pressure homogenization is save energy for the milk industry
compare with that of pasteurization process (Gallier et al.
2016) [44]. This has been recently proposed that the citrate
cream fraction first homogenized and then followed by usual
pasteurization and concentration of the dry milk powder
production (Augustin et al. 2014) [13].
5. Pharmacological effect of milk on human health:
Neurological Disorder
5.1 Alzheimer’s Disease (AD)
Interestingly, it has been shown that women who breastfeed
had lower risk of developing AD compared with nonbreastfeeding women. It was postulated that breastfeeding
modulates hormonal exposure in mothers and improves
insulin sensitivity to reduce AD risk (Fox et al. 2013) [42].
Milk contains fatty acids including linoleic acid, linolenic
acid, conjugated linoleic acid, stearic acid and oleic acid.
During the fermentation of dairy products, oleamide is
synthesized from the milk fatty acid, oleic acid. Alzheimer’s
disease (AD) is a progressive neurodegenerative disease with
two key pathological features in the brain including intercellular amyloid-β (Aβ) plaques, and intra-cellular
neurofibrillary tangles. In addition, post-mortem brain studies
of individuals with AD have also shown increased expression
of inflammatory mediators. Coupled with data from
epidemiological studies which reported the role of antiinflammatory drugs in reducing risk for AD (Wyss-Coray
2006) [126]. These suggest that inflammation within the brain is
one of the key mediators of AD. A recent study utilizing
mouse model of Alzheimer’s disease has shown that the intake
of dairy product fermented with Penicillium candidum reduces
the accumulation of amyloid-β (Aβ) and hippocampal
inflammation, and enhances hippocampal neurotrophic
factors. The concentration of oleamide (100 – 1000 nM)
stimulates microglial phagocytosis of Aβ1–42 in a
concentration-dependent manner in vitro, whereas oleic acid
did not exert any effect (Ano et al. 2015) [9]. This study
therefore shows that fermentation of a dairy product
(camembert cheese) generates anti-inflammatory compounds
which may exert therapeutic benefits in AD.
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5.2 Docosahexaenoic acid (DHA) and other omega fatty
acids
Red wine and fish are abundant in resveratrol and omega-3
fatty acids respectively, which confer protection against AD
(Ano et al. 2015) [9]. The process of synapse formation within
brain neurons is initiated by neuronal depolarization, and three
key nutrients determine the numbers of synapses formed,
namely uridine, the omega-3 fatty acid docosahexaenoic acid
(DHA), and choline (Wurtman 2014) [123]. In Alzheimer's
disease (AD) there is a decrease in basal plasma levels of
these three nutrients due to impaired hepatic synthesis.
Therefore high brain levels of uridine, DHA and choline are
required to correct disease-associated synaptic membrane or
synaptic conditions (Wurtman 2014) [123].
Studies have linked lower DHA content with weaker cognitive
development, as well as visual function (Calder 2016) [28]. The
enrichment of breast milk with DHA suggests that research
into human milk constituents may aid development of
synthetic DHA analogues, which may be therapeutic for AD.
5.3 Parkinson’s disease
Oxidative stress occurs when there is an excess of free
radicals or a decrease in antioxidant levels. Increase in
markers of oxidative stress have been observed in AD,
Huntington’s disease and in both familial Amyotropic Lateral
Sclerosis (ALS) and sporadic ALS. The nervous system is
enriched with unsaturated fatty acids as well as iron. The high
lipid content of the nervous tissue leads to higher metabolic
activity therefore increases its susceptibility to oxidative
damage (Ano et al. 2015) [9]. A key pathological feature in
Parkinson’s disease (PD) is the loss of neurons within a brain
region called the substantia nigra. Tissue degeneration in the
substantia nigra is frequently associated with antioxidant
depletion (Perry et al. 2002) [96]. Indeed, patients with
Parkinson’s show reduced antioxidant levels and raised
oxidative stress levels. Milk products contain Vitamin D and
casein which may help to reduce oxidative stress in the
nervous system (Singh et al. 2004) [105], and therefore may
elicit neuroprotective roles through restoring anti-oxidant
levels. Meanwhile, a recent study has shown that dairy food
intake is related with higher risk of PD, particularly for men.
The meta-analysis of prospective cohort studies from three
populations (USA, Finland and Greece) on dairy food intake
and risk of PD involved 1,083 PD cases among 304,193
subjects. PD risk increased by 17% for every 200g per day
increment in milk intake and 13% for every 10g per day of
cheese intake (Jiang et al. 2014) [59]. As this is the first study
linking PD with dairy food intake, the relationship between
milk intake and neurodegenerative diseases therefore awaits
further validation in various population cohorts.
5.4 Autism spectrum disorders
Autism spectrum disorders (ASDs) are a group of disorders
characterized by traits such as impairment in social
interaction, communication deficits, and restricted repetitive
interests and behaviours. ASDs are attributable to multiple
genetic and environmental risk factors (Levy et al. 2009) [69].
The prevalence of autism is increasing at an alarming rate, and
the current prevalence rate within various population cohort is
about 1% (Baron-Cohen et al. 2014) [17]. The link between

autism and gut microflora was first reported in 2005. Faecal
flora analysis utilizing Fluorescent In Situ Hybridization
(FISH) technique have shown a significant difference in the
composition of human gut microflora of individuals with ASD
compared to the healthy population. The predominant
bacterial population in samples from ASD patients was
Clostridium histolyticum (C. histolyticum), suggesting an
association between Clostridium and the development of
certain autistic traits (Parracho et al. 2005) [95]. As mentioned
earlier, oxidative stress leads to numerous neurological
disorders, including ASD. It has been reported that the
consumption of camel milk for two weeks significantly
increased anti-oxidant biomarkers in autistic children (by
assessing levels of glutathione, superoxide dismutase, and
myeloperoxidase). It is therefore suggested that camel milk
increases anti-oxidant biomarkers, to reduce oxidative stress
in children with autism. Improvements in behaviour of
children with autism, as assessed through Childhood Autism
Rating Scale (CARS) was thought to be due to the
consumption of camel milk which increases anti-oxidant
markers to counteract oxidative stress (Al-Ayadhi et al. 2015)
[6]
.
The unique composition of camel milk has been postulated to
benefit autism symptoms; as it contains lower levels of fat,
cholesterol and lactose compared to cow milk. In addition,
camel milk contains higher minerals contents (calcium, iron,
magnesium, copper, zinc, and potassium) and vitamins A, B2,
C and E compared to cow milk. The absence of βlactoglobulin and β-casein which are the main causative
allergens in cow milk makes it suitable for children. Camel
milk also comprises various protective proteins,
predominantly antibacterial, antiviral and immunological
enzymes such as immunoglobulins, lysozymes, lactoferrin,
lactoperoxidase, N-acetyl-§-glucosaminidase (NAGase), and
peptidoglycan recognition protein (PGRP). These enzymes are
vital in preventing food allergy and additionally, enhance the
immune system (Al-Ayadhi and Elamin, 2013) [4].
Severe dietary or gastrointestinal (GI) problems are commonly
reported in autistic individuals including abdominal pain,
constipation, bloating and diarrhoea (Parracho et al. 2005) [93].
Gluten-free and/or casein-free (GF/CF) diets have been related
with reduced GI illnesses and enhanced the conduct of
individuals with ASD (Knivsberg et al. 2002) [63]. As camel
milk is free from gluten and casein, the improvement in
symptoms in ASD individuals may be due to absence of these
two common allergens as well as the additional bioactive
compounds. As mentioned earlier, results from faecal flora
assessments have reported a significant difference in the
composition of human gut microflora of individuals with ASD
compared to the healthy population, primarily in Clostridium
bacterial population. It remains to be elucidated if camel milk
influences gut microbiota to improve autism behaviour.
Therefore, future studies may involve investigating the gut
microflora in ASD children prior to and after camel milk
consumption. Profiling, characterizing and isolating effective
camel milk compound which enhances growth of beneficial
gut bacteria makes it an attractive therapeutic avenue to
explore for ASD treatment. The gut-brain axis uses neural,
hormonal and immunological routes to provide bidirectional
homeostatic communication routes. Impairment of this axis
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may result in pathophysiological consequences (Mayer et al.
2014). Therefore, understanding the communication pathways
between gut microbiota and gut-brain axis will pave the way
towards development of microbiota-based therapeutic
strategies for disorders of the central nervous system.
Various independent groups have reported the involvement of
altered immune system in individuals with autism whereby
immune dysfunction is associated with impaired behavioural
outcomes (Ashwood et al. 2011; Bashir and Al-Ayadhi 2014)
[11, 19]
. A recent study has shown that consuming 500 ml of raw
and boiled camel milk per day decreases thymus and
activation-regulated chemokine (TARC) serum levels and
CARS score in individuals with autism compared to placebo
group (consumption of cow milk) (Bashir and Al-Ayadhi
2014) [19]. However, this finding awaits validation due to the
small sample size of the study. Taken together, the data
suggests that camel milk contains bioactive constituents with
anti-oxidant and anti-inflammatory properties to improve
behavioural symptoms in individuals with ASD.
5.5 Other brain related disorders
Cerebral hypoxia-ischemia (HI) is a type of brain injury
frequently reported in premature infants that subsequently
experience neurodevelopmental disabilities. Human milk
contains lactoferrin, which has antioxidant, anti-inflammatory
and antimicrobial properties. Supplementation of lactoferrin in
maternal food during lactation has shown to elicit
neuroprotective effect and is a subject of intense research for
neuroprotection in the pre-term brain (van de Looij et al.
2014) [72]. As chronic immune activation of the microglia
(resident macrophages of the central nervous system) is
commonly observed in neurodegeneration including AD, diets
rich in anti-inflammatory and anti-oxidants may be beneficial
in preventing neurodegenerative disease (Amor et al. 2010) [8].

Since human milk contains lactoferrin which has antiinflammatory roles, it remains to be investigated if
breastfeeding decreases risk of neurodegenerative diseases
(chronic immune activation) in offspring of breastfeeding
mothers in later life. The association between duration of
breastfeeding and risk of neurodegenerative diseases may also
open up potential novel research avenues.
5.6 Child growth
Milk contains fat-soluble vitamins such as Vitamins A, D and
E, and the amount of these vitamins are lower in low fat and
skimmed milk (Pereira 2014b) [95]. Vitamin A is crucial for
growth, development, immunity, and eye health. A
retrospective study in African-American adolescents showed
that high maternal intake of dairy products significantly
increased femur length of foetus (Chang et al. 2003) [30]. A
later study also reported an association between high maternal
milk and protein intake with increased head circumference,
biparietal diameter and abdomen circumference, in addition to
increased femur length in the child. This is thought to be due
to macronutrients, micronutrients and minerals enriched in
milk (Borazjani et al. 2013) [26]. Milk comprises all essential
nutrients required for the development and growth of the
newborn. Human colostrum, which is milk produced up to
eight days post-partum, or milk produced at the beginning of
casein production during the third day of lactation is an
essential source of hormones, nutrition and antibodies during
the first days of lactation (Casado et al. 2009) [29]. Milk is also
a good source of Vitamin D, which is important for calcium
absorption and bone mass formation and therefore prevention
of osteoporosis (reviewed in Pereira, 2014) [94]. The key
components of cow, camel and breast milk and their functions
in modulating neurological disorders were summarised in
Table 5.

Table 5: The key components of cow, camel and breast milk and their functions in modulating neurological disorders.
Sources
of milk

Component

Function

Cow

Oleamide (fermented product
of oleic acid, a milk fatty
acid) Vitamin D and casein
Vitamins A, D and E

Camel

Unknown (gluten and caseinfree)

Breast

Omega-3 fatty acid
docosahexaenoic acid (DHA)
Lactoferrin

Enhances microglial phagocytosis and reduces Aβ-induced microglial inflammation in a
mouse model of Alzheimer’s Disease (AD)(Ano et al. 2015) [9] Reduce oxidative stress in the
nervous system(Singh et al. 2004) [105] General growth, development, immunity and eye
health(Chang et al. 2003 [30]; Borazjani et al. 2013 [26]; Pereira 2014b) [95]
Reduced GI illnesses(Knivsberg et al. 2002 [63]; Parracho et al. 2005) [93]; anti-oxidant and
anti-inflammatory properties to improve behavioural symptoms in individuals with ASD
(Knivsberg et al. 2002 [63]; Al-Ayadhi and Elamin 2013a [5]; Al-Ayadhi et al. 2015) [6]
Studies have linked lower DHA content with weaker cognitive development, as well as visual
function (Calder 2016) [28]; in AD, there is a decrease in basal plasma levels of DHA; therefore
restoring levels of DHA may be required to correct disease-associated synaptic membrane or
synaptic conditions (Wurtman 2014) [123] Neuroprotective effect through its antioxidant, antiinflammatory and antimicrobial properties(van de Looij et al. 2014) [72]

6. Cardiovascular disorder
6.1 Effect of milk on cardiovascular disorder
Cardiovascular diseases (CVD) are conditions that involve
narrowed or blocked blood vessels, and include diseases such
as coronary heart disease (CHD) and ischaemic stroke. CVD
is currently the highest cause of mortality in the world, as
reported by WHO (2011) [13]. The risk factors for CVD have
been well-studied and identified, and include both inherent
factors, such as age and genetics, as well as external

environmental factors (Balakumar et al. 2016) [25]. The authors
identified control of diet as the safest strategy to prevent
development of CVD. In particular, the consumption of large
amounts of trans fats is one of the biggest dietary risk factors
for the development and progression of CVD. Additionally,
replacing saturated fats with polyunsaturated fats in the diet
also reduces CVD risk ((de Souza et al. 2015) [108]. Whole
milk contains large amounts of saturated fats and so, dietary
advice for CVD, advise reducing the consumption of high fat
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dairy products and instead use low-fat alternatives. However,
the evidence for the reasoning behind this is conflicted, and
will be discussed below.
One of the original studies investigating the link between
CVDs and milk intake was the Honolulu Heart Program,
where over 8000 men of Japanese ancestry were followed up
for 22 years to study the relationship between milk intake,
calcium intake and risk of stroke (Abbott et al. 1996) [1]. The
study found that risk of stroke decreased as the men increased
their milk intake, where men who were non-drinkers of milk
had twice the risk of stroke compared to men who did. It was
hypothesized that high levels of calcium in milk was
responsible for the decrease; however, the study found that
calcium intake from non-dairy sources did not affect risk of
stroke. Additionally, some limited evidence suggests that
calcium, albeit non-dairy calcium, may in fact lead to higher
incidences of myocardial infarction (van der Velde et al.
2014) [120]. The study did not differentiate between drinkers of
whole-fat and reduced fat milk. Various studies have
connected increased intake of milk and milk products with
lowered blood pressure and this is thought to be attributable to
the minerals present in milk as well as peptides which arise
from digestion of milk proteins (Groziak and Miller 2000) [50].
A population-based cohort study report also revealed that
lesser risk of coronary heart disease and stroke with high
intakes of either high or low milk consumption, however the
fermented milk even prevent or reduced the risk factors
(Dalmeijer et al. 2013) [37]. A cross-sectional observational
study carried out by Luigi Barrea et al. (Barrea et al. 2015) [18]
on moderate-severe obesity subjects showed that after
collection of seven day milk consumption record, the
anthropometric measurements and lipid profile were better
compare with that of no milk consumers (Barrea et al. 2015)
[18]
. Subjects who consume skim milk also have higher peak
growth hormone response and insulin-like growth factor IGF)
than non-milk consuming subjects.
This topic had been comprehensively analysed by Ian Givens
in 2015, with the same conclusion. He found that the majority
of prospective studies and meta-analyses looking at the link
between milk intake and CVD also showed an inverse
association between milk intake and total CVD risk; however,
a handful of studies also showed no association between milk
intake and occurrence of CVD (Givens 2015) [46]. One
question that arises is whether drinking a reasonable amount
of milk every day can be beneficial in terms of CVD risk.
There are contradictory reports of associations of mortality
rates such as fractures, ischemic heart disease and certain
cancers with high milk consumption (Segall 1980; Song et al.
2013a) [103, 106]. This difference may be due to the D-galactose
content in different types of dairy products, which is related
with oxidative stress, chronic inflammation and the progress
of these diseases (Cui et al. 2006; Jumbo-Lucioni et al. 2013)
[36, 62]. The possible mechanisms as to how milk is able to
attenuate CVD risk, with respect to blood pressure and
concentration of blood lipids will be discussed below. Another
interesting report from Korean researchers found less
cardiovascular risk in males over 60 years old by consuming
milk regularly compare to fermented dairy products (Joo et al.
2016) [60]

6.2 Effect of milk on Blood pressure
High blood pressure or hypertension, defined as blood
pressures higher than 120/80 mmHg, is one of the most
important risk factors for CHD and ischaemic stroke (Gorelick
et al. 1999; Chobanian et al. 2003; Meschia et al. 2014) [32, 49,
83]. Evidence from epidemiological studies suggests that an
increase in milk consumption may reduce blood pressure in
hypertensive individuals. One of the main lines of evidence
for this comes from the Dietary Approaches to Stop
Hypertension (DASH) study (Appel et al. 1997) [10].
Participants were randomly assigned to a control diet rich in
fruits and vegetables or to a combination diet rich in fruits,
vegetables and low-fat dairy products for eight weeks. Results
of the study show that participants in the combination diet had
greater decreases in blood pressure. The DASH study
indicates that the intake of low-fat dairy products can improve
high blood pressure in hypertensive patients, admittedly in the
short term. In addressing the question of what constituents in
milk is able to alleviate high blood pressure; scientists have
considered the different nutrients found in milk. Many in vitro
studies reported that the lactic acid bacteria produce
angiotensin converting enzyme (ACI) like antihypertensive
peptides in the presence of proteolysis by endogenous milk
enzymes. These bacterial enzymes are responsible in breaking
down the milk protein into oligopeptides either through a
fermentation process or in the gastrointestinal gut. This
suggests that milk may be useful for treating hypertension
(Hernández-Ledesma et al. 2011; Udenigwe and Mohan 2014;
Beltrán-Barrientos et al. 2016) [20, 53].
Calcium is again proposed as being beneficial in the
regulation of blood pressure, despite conflicts in scientific
evidence. Toxqui et al. (2013) [113] argue that calcium
contained in milk did not exert a significant effect on blood
pressure in their small, short-term cohort study. However, the
authors may have underestimated the role of Vitamin D in
calcium absorption in their study, as their test group had
additional Vitamin D supplementation which may affect the
rate of calcium absorption (Stokes and Lammert 2016) [110].
On the other hand, Alonso et al. (2005) [7] carried out a
prospective study of almost 29,000 middle-aged US women
and showed that intake of low-fat milk and yogurt decreases
risk of hypertension, where adjusting for dietary calcium
attenuated the association. The authors claim that this
confirms calcium’s role in the regulation of blood pressure.
However, the risk of hypertension was not changed with
calcium supplements which echoes the results from the
Honolulu Heart Study and the Women’s Health Initiative
Randomized Trial (Abbott et al. 1996; Margolis et al. 2008)
[1]. These conflicting findings call into question as to whether
dietary calcium truly plays a role in the regulation of blood
pressure.
The presence of other minerals in milk has been suggested to
be advantageous in the regulation of blood pressure. Studies
involving potassium supplementation have indicated that this
mineral has the highest effect on blood pressure (Massey
2001; Nguyen et al. 2013) [78, 86]. However, a possible
explanation for the lack of effect of calcium supplementation
compared to dairy-sourced calcium on blood pressure is that
calcium may be working in tandem with other nutrients in
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milk to exert its effects on blood pressure, giving rise to the
conflicts in results obtained. Therefore, it is not clear whether
the conclusion that potassium regulates blood pressure also
applies to dairy-sourced potassium.
An alternative explanation for the benefits of milk in the
regulation of blood pressure is the presence of milk-specific
proteins. About 3% of whole milk is made up of proteins
([CSL STYLE ERROR: reference with no printed form.]). A
recent meta-analysis carried out by Hidayat et al. (2016) [55]
report that supplementation of milk-derived proteins has a
small, but significant effect in the lowering of blood pressure.
The finding that bioactive milk peptides may also have a role
in the lowering or preventing high blood pressure supports the
conclusions of Hidayat et al (Jauhiainen and Korpela 2007;
Bhat et al. 2015) [24, 57]. It remains to be seen whether these
findings can be generalized to the intake of these proteins and
peptides not through supplementation, but through the intake
of milk.
6.3 Effect of milk on Blood Lipid Concentration
Although it has been touted as a healthy foodstuff in the past,
whole milk is at least 3% fatty acids, of which more than half
is saturated fats ([CSL STYLE ERROR: reference with no
printed form.]). Some evidence shows that high intake of
saturated fats leads to higher serum cholesterol levels, which
is another key risk factor for CVD (Gorelick et al. 1999;
Meschia et al. 2014; Zhang et al. 2016) [49, 83]. Therefore, a
general perception is that whole milk leads to higher risk CVD
and it is currently recommended to drink low-fat milk instead
to reduce the risk (Appel et al. 1997) [10]. However, the work
of Ulven et al. [2016] [117] questions whether all fats can be
treated equally, particularly since milk contains almost 400
different types of fatty acids (O’Donnell et al. 2010) [87].
Indeed, the inverse association of intake of milk with the risk
of CVD, regardless of fat content, suggests that a closer look
at the effect of milk lipids on blood lipid levels needs to be
taken.
One of the first clues that milk may potentially be able to
regulate blood cholesterol levels came from a study conducted
on a group of men in the Kenyan Maasai tribe in 1974 (Mann
1974) [75]. Ohlsson (2010) [89] attempted to compare the effects
of different dairy products on serum cholesterol. He compared
low fat milk with high fat dairy products such as butter and
cheeses, and concluded that low fat milk will diminish the risk
of CVD. However, the question whether drinking whole milk
will increase or decrease blood lipid concentrations have not
been addressed. A few studies have attempted to study the
association between intake of whole milk and blood lipid
concentrations with respect to CVD risk (Hepner et al. 1979;
Rossouw et al. 1981; Thompson et al. 1982) [102, 112]. The
general consensus was that drinking milk did not lead to
significant changes in blood cholesterol levels, as would be
expected based on the saturated fat content. The studies
available, however, are old and lacked detailed information
about their respective studies.
Two studies have been published so far, which compare the
effects of whole milk versus skim milk on serum cholesterol
concentrations. Steinmetz et al. [1994] [109] carried out a 6week crossover feeding study and reported that while total and
LDL-cholesterol were lower on the skim milk diet compared

to the whole milk diet, there were no differences in HDLcholesterol levels. The authors claim that the reduction in total
cholesterol supports the conclusion that skim milk is more
beneficial than whole milk in attenuating CVD risk. However,
they appear to have failed to take into account the fact that
higher plasma HDL cholesterol levels are associated with
lower CVD risk (Rader and Hovingh 2014) [101]. Additionally,
a limitation of their study was that it was short-term and only
involved 8 participants. Nestel et al. [2013] [85] also concluded
that a low-fat dairy diet would lead to lower concentrations of
both HDL and LDL cholesterol. However, as with Ohlsson
[2010] [89], the study also compared low fat milk with high fat
dairy products such as butter and cream. Whole milk is
suggested to have a plethora of beneficial effects on human
health (Astrup et al. 2016) [12], and therefore, more research is
required to understand the effects of drinking whole milk on
blood lipid profiles and CVD risk.
7. Effect of milk on cancer
The high calcium content in dairy products has been
postulated to be responsible for the protective effect against
cancer. Calcium binds proinflammatory secondary bile acids
and ionised fatty acids and may reduce cell proliferation and
promote cell differentiation (Lamprecht and Lipkin 2001) [66].
The recent study indicates that milk activates the nutrientsensitive kinase, mechanistic target of rapamycin complex 1
(mTORC1). M TORC1 is the master regulator of protein and
lipid synthesis that couples nutrient sensing to cell
proliferation and cancer. Milk contains four important
metabolic messengers, namely branched-chain amino acids
(BCAAs), glutamine, palmitic acid and bioactive exosomal
microRNAs which enhance mTORC1-dependent translation.
Constitutive activation of mTORC1 is implicated with ageing
and ageing-related disorders including obesity, type 2 diabetes
mellitus, cancer and neurodegenerative diseases (Melnik
2015) [81].
Epidemiological data has shown that higher dairy protein
intake is a main dietary risk factor for prostate cancer. As
mentioned earlier, cow milk upregulates mTORC1 signalling
to promote cell growth and proliferation. Regular intake of
cow milk proteins provides highly branched-chain amino
acids (BCAAs) due to fast hydrolysation of whey proteins,
which increases plasma insulin levels post-prandially, and
elevate hepatic insulin growth factor 1 (IGF-1) plasma
concentrations through casein-derived amino acids.
Constitutive activation of mTORC1 by BCAAs, insulin and
IGF-1 coupled with oestrogens from milk of pregnant cow
may explain the association between higher intake of dairy
leads to higher risk of prostate cancer in the West (Melnik et
al. 2012) [82]. A recent in vitro study has also shown that the
milk protein, casein, promotes growth of prostate cancer cells
such as PC3 and LNCaP (Park et al. 2014) [92]. Although milk
triggers mTORC1 activity which enhances cellular growth,
constitutive mTORC1 activation has been reported in various
cancers and therefore a balanced diet comprising moderate
milk intake may be the solution to optimal health.
The consumption of milk intake varies geographically, where
consumption level is closely correlated to the distribution of
lactase persistence (LP), which is a genetic trait that allows
milk consumption beyond the weaning period without
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unpleasant gastrointestinal side (Prentice 2014) [99]. The
persistence of lactase activity in European population suggests
that there is a strong selection for lactase persistence (LP)
gene (Bersaglieri et al. 2004) [23]. Whether positive selection
for the lactase persistence gene (Bersaglieri et al. 2004) [23]
confers any evolutionary/survival advantages remains to be
explored.
7.1 Colorectal Cancer
A meta-analysis by Aune et al (2012) [14] reported that there is
an inverse association between milk consumption and
colorectal cancer, with a relative risk of 0.91 with 95%
confidence interval of 0.85 to 0.94 per 200g/day of milk
intake. Total dairy products were also observed to have a
negative association with colorectal cancer as consumption of
400g/day of total dairy products resulted in 0.83 relative risks
with 95% confidence interval of 0.78 to 0.88. However,
consumption of 50g/day of cheese did not show any
significant negative association with colorectal cancer, giving
a relative risk of 0.91 with 95% confidence interval of 0.83 to
1.12. This analysis included 19 cohort prospective studies
from Pub MED database from 1997 to 2010. In short, there
are nonlinear associations between milk and total dairy
products and colorectal cancer risk (P < 0.001) with the
inverse associations strongest at the higher range of intake
(Aune et al. 2012) [14]. It is noted that the comparison of
consumption between total dairy products, milk and cheese
were 400g/day, 200g/day and 50g/day, respectively. The
difference in quantity measured may result in different levels
of calcium as well as fat contents that include conjugated
linoleic acids, sphingomyelin, butyric acids and ether lipids
(Molkentin 2000; Larsson et al. 2006) [68, 84]. However, despite
the lack of evidence of negative association between cheese
consumption and colorectal cancer, Larsson et al (2005) [67]
reported that high consumption of cheese was associated with
the lowest risk for colorectal cancer (Larsson et al. 2005) [67].
7.2 Ovarian cancer
Qin et al (2016) [100] assessed the associations between dairy
products, lactose, calcium and vitamin D, and the risk of
ovarian cancer in African-American women. AfricanAmerican women have been known to suffer high mortality
rate from ovarian cancer and are high risk for calcium and
vitamin D deficiency. The study of 490 ovarian cancer cases
and 656 age- and site-matched controls of African-American
descent yielded in odds ratio of 1.97 (95% CI: 1.25 to 3.10)
for the association of lactose and ovarian cancer, 0.51 (95%
CI: 0.30 to 0.86) for the association between calcium intake
and ovarian cancer and 0.71 (95% CI: 0.51 to 0.99) for the
association between longer sun exposure and ovarian cancer.
The study therefore suggests a high-calcium and low-lactose
diet with increase vitamin D from sun exposure to lower the
risk of ovarian cancer in these African-American ladies (Qin
et al. 2016) [100].
7.3 Prostate cancer
In 2007, World Cancer Research Fund International reported a
positive association between prostate cancer and milk
consumption. However, as more evidence shed light on the

matter, the 2014 World Cancer Research Fund International
reported that there is currently limited evidence associating
consumption of dairy products or calcium with prostate cancer
(World Cancer Research Fund International: Continuous
Update Project Report 2014). Systematic review and metaanalysis of thirty-two cohort studies by Aune et al (2014)
reported a positive association between prostate cancer and
high consumption of dairy products, milk, low-fat milk,
cheese, total and dietary and dairy calcium (Aune et al. 2015)
[15]. Epidemiological study involving a 28 years follow up
cohort study in the Physicians’ Health Study of 21,1660
subjects by Song et al (2013) [106] to investigate the association
between intake of dairy products and the incidence and
survival of prostate cancer concluded that skim/low-fat milk
contributes to the risk of low-grade, early stage, and screendetected cancers. Conversely, fatal prostate cancer was only
associated with whole milk intake. Evidence from survival
analysis of 2,806 incident cases of prostate cancers within the
21,1660 subjects and 305 deaths were during the 28 years
follow up period yielded a high risk of 2.17 with 95% CI: 1.34
to 3.51 between whole milk intake and progression to fatal
disease after diagnosis (Song et al. 2013b) [106]. From this
study, as only whole milk was associated with progression to
aggressive and higher prostate cancer specific mortality cases,
whereas skim/low-fat milk only contributes to higher risk of
nonaggressive prostate cancer, the fat contents in the whole
milk are most likely the culprits that aid the progression and
aggressiveness of prostate cancer.
The controversial results from epidemiological studies led
Bernichtein et al (2015) [22] to study prostate tumour
progression in mouse models. Both benign (probasin-Prl mice,
Pb-Prl) and neoplastic lesion mice (KIMAP mice) were
studied. Skimmed and whole milk were administered to the
mice for duration of 15 to 27 weeks, after which the prostate
tumour progressions in these mice were assessed via tissue
histopathology examination, stromal inflammation, epithelial
proliferation and fibrosis, tumor invasiveness potency. The
results from these mouse models negate any association
between milk consumption and prostate cancer. It was
suggested that certain milk type may confer protective effect
as there were reduction in the expression of tumour markers in
the tumours (Bernichtein et al. 2015) [22].
7.4 Breast cancer
Kojima et al (2017) studied the consumption of three food
types (plant-based, animal-based and dairy-based) and their
associations to breast cancer in 23,172 women in Japan. This
study did not show any significant association between dairy
product diet and breast cancer risk (Kojima et al. 2017).
However, a study of 97 breast cancer patients and 104 control
individuals showed that high consumption of cow’s milk
increased breast cancer risk (Galván-Salazar et al. 2015) [45].
The controversial issues in both breast cancer and prostate
cancer are from epidemiological studies that cannot rule out
confounding factors such as source of milk, consumption of
meat, ethnic, cultural, and economic differences. The
consumption of cow’s milk and its effects of breast,
colorectal, ovarian and prostate cancers were depicted in
figure 1.
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Fig 1: Association of consumption of cow’s milk with breast, colorectal, ovarian and prostate cancers.

8. Miscellaneous
8.2 Effect of milk on infectious disease
The trend towards “natural” products has seen an increasing
preference for raw milk consumption as it is perceived that
heating may destroy health benefits of raw milk. However,
raw cow milk is may carry various human pathogens.
Foodborne infections in raw cow milk have been reported that
the contamination with Campylobacter, Salmonella spp.,
verocytotoxin-producing Escherichia coli. These accounts for
2 to 6% of bacterial foodborne outbreaks in modern
industrialized nations. It has thus been shown that raw milk
consumption may pose health threats due to invasion by
human pathogens. Consumption of ultra-high temperature
treated milk (or similar treatments) is recommended as they do
not alter the nutritional value of raw milk or other benefits
associated with consuming raw milk (Claeys et al. 2013) [34].
Human milk is enriched in nutrients and components which
are highly protective against a broad range of infective
pathogens. Besides protective immunoglobulins, human milk
also comprises free oligosaccharides, glycoproteins and
glycolipids. Interestingly, the sugar epitopes present in human
milk mimics the structure of glycan receptors that serve as
pathogen adhesion sites in epithelial surfaces, including the
human gastrointestinal (GI) tract. This therefore allows milk
glycans to competitively adhere to disease-causing
microorganisms before an infection can be triggered (Peterson
et al. 2013) [97]. Lactoferrin (LF) is a milk protein which
competently binds to receptors on the host cell’s surface, and
can also bind to both enveloped and non-enveloped viral
particles to prevent viral infections (Pan et al. 2006) [91].
There is accumulating evidence on the role of glycoconjugates
in disease prevention. Glycoproteins from human milk exhibit
anti-pathogenic effects, and this is partly attributable to their
glycan moieties such as secretory immunoglobulin a (sIgA),
κ-casein, lactoferrin and proteins from the milk fat globular
membrane (MFGM) such as lactadherin, mucins and bile saltstimulated lipase (BSSL). For instance, some glycoconjugates
such as secretory immunoglobulin A (sIgA) and lactoferrin
exert anti-bacterial properties (Peterson et al. 2013) [97]. In
addition, a systematic review involving 12 studies has
revealed the importance of human milk cytokines like

transforming growth factor-beta (TGF-beta) as they exert
positive immunological outcomes in infants and young
children (Oddy and Rosales 2010) [88].
It has been postulated that differences in levels of protection
in human and bovine milk is attributable to the variation in
concentration of glycoconjugates in human and bovine milk,
as well as the types of attached glycans that can serve as sites
for pathogen adhesion. In addition, bovine milk
glycoconjugates may have progressed specifically to offer
young calf protection against bovine pathogens, rather than
protection against human pathogens in human infants. The
impact of glycosylation changes in milk glycoconjugates
throughout the lactation period on the protection against
pathogen adhesion in breastfed infant remains unexplored
(Peterson et al. 2013) [97].
Necrotozing enterocolitis is a disease common to premature
infants that results in inflammation and death of intestinal
tissues. In premature infants, human milk diet is associated
with a significantly lower rate of necrotizing enterocolitis as
well as enterocolitis requiring surgical intervention compared
to a diet incorporating both human and bovine milk based
products (Sullivan et al. 2010) [111]. This again may be
reflected by the varying composition of nutrients present in
human milk and bovine milk as well as differences in
underlying genetic factors. Periodontal disease leads to
damage the connective tissue which anchors teeth to alveolar
bone, as a result of bacterial infection. A cross-sectional study
has shown that intake of dairy calcium and fermented foods
were considerably associated with lower risk of periodontitis.
These findings propose that that calcium, mainly from milk
and fermented products, may be protective against
periodontitis (Adegboye et al. 2012) [2].
8.3 Milk and microbial drug resistance
Generally human milk is more useful for infant health and
especially development muscles and protective against
intestinal microbiota is due to glycans. It may show
pleiotropic functions, that protection against infectious
diseases and also acting as prebiotics (Pacheco et al. 2015) [90].
Another reason is that plenitude of xanthine oxidase (XO) in
milk is responsible for antimicrobial properties. The XO is
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positioned on the external surface of the milk fat globule, and
pathogenic bacteria may bind to similar antigens on the milk
fat globule membrane. Therefore, the higher concentrations of
nitric oxide and peroxynitrite produced with near to the
bacterial cell wall which leads to potentially very
harmful.(Hancock et al. 2002) [51]. The recent research
reported that antibiotic susceptibility of Staphylococcus
aureus isolated from bulk and pasteurised milk were obtained
randomly from supermarkets of the North-West Province,
South Africa. They isolated S. aureus from contaminated milk
samples and around 60 -100% of the isolates strains were
resistant to wide variety of β- lactum antiobiotics and
macrolides (Akindolire et al. 2015). This alarmed result of
these bulk and pasteurised milk is contaminated with
toxigenic and multi-drug resistant S. aureus strains. This kind
of study needs to be conducted anywhere in the world if any
microbial resistance problem occurs while consuming milk.
8.4 Effect of milk on allergy
Milk ingestion may result in two main adverse reactionslactose intolerance and cow milk allergy. Lactose intolerance
may be prevented by avoiding milk and/or consuming other
dairy products with lower lactose content, such as yoghurt and
cheese. Individuals with cow milk protein allergy may
completely avoid cow milk products (Pereira 2014b) [95] or
switch to other sources of animal milk, such as camel milk,
which lacks beta-lactoglobulin and beta casein-the two main
allergens in cow milk (Al-Ayadhi and Elamin 2013) [4]. Cow
milk allergy is the most common food allergy observed in
children with a prevalence varying from 2% to 7.5% (Turck
2013) [115]. The allergy arises due to an immunological adverse
reaction towards cow milk protein which can occur during the
neonatal period or during the first few years of life, and is rare
in adults (Fiocchi et al. 2010) [41].
The main carbohydrate present in milk is lactose, which exists
in two isomers-alpha (α) and beta (β) forms. Lactose is
hydrolysed by β –galactosidase, which has a preference for
beta-lactose. The enzymatic activity of β –galactosidase
decreases in mammals from weaning, although the rate of
enzymatic activity decline varies in humans. Classical lactose
intolerance symptoms include abdominal cramps and bloating,
flatulence, diarrhoea, nausea and vomiting due to lactose and
sugar fermentation in the colon. In addition, β –galactosidase
deficiency may also result in severe metabolic impairments
(Pereira 2014b) [95]. A continuous ingestion of elevated doses
of lactose may result in its conversion to galactitol which may
result in blindness (when conversion occurs in lens tissue), or
fatality (when conversion occurs in neural tissue) (Pereira
2014b) [95].
9. Conclusions
The non-thermal milk processing clearly having more
advantageous in terms of increased shelf life and
economically viable for long distance transportation. Milk and
its products especially camel milk significantly increased antioxidant biomarkers in autistic children and therefore it reduces
oxidative stress in children with autism, to improve autistic
behaviour. The fermented dairy products, such as camembert
cheese generates anti-inflammatory compounds which may

exert therapeutic benefits in Alzheimer disease. All in all,
most literature findings suggest protective benefits of dairy
consumption with regards to weight control, stroke, coronary
disease, hypertension, and most cancers. As there is an
enormous diversity in global milk consumption, future studies
may include investigating the association between geographic
differences in levels of milk consumption and/or dairy
consumption with diseases. Utilizing mass spectrometry to
conduct proteomics, glycomics, glycoproteomics, and
lipidomics analysis to profile and characterize bioactive
compounds in milk from various animal sources and human
milk, and understanding their mechanism of action may aid
development of potential novel biomarkers (proteins/peptides,
oligosaccharides and lipids) for disease prevention and
treatment.
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