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Abstract- The studies on milk production are rapidly spread
over the world due to high nutritional value contains which is
very essential for us. Nanoparticle influence was reported on
the animal performance, milk performance, mammary
glands, milk yield and also affects the bread-fed offspring in
the milk production. It was reported that the milk yield with
Zn NPs treatment was reduced in the dams compared to the
other zirconium and titanium. Infant nanomaterial exposure
is a worldwide concern, breastfeeding transfer of transition
metal-oxide nanoparticles to as well as their toxicity to
offspring are still unclear. Infant nanomaterial exposure is a
worldwide concern, breastfeeding transfer of transition metal-
oxide nanoparticles to as well as their toxicity to offspring are
still unclear. Breastfeeding transmits nutrition and immunity
from mothers to their offspring; it also provides a portal for
maternal toxins to enter offspring. Thus, a toxicology
assessment of both mothers and their offspring should be
established to monitor nanomaterial exposure during
lactation. The food chain is an important pathway for
investigation intake of NPs to high-trophic-level organisms.
Keywords: Nanoparticles, Offspring, Milk, Titanium,
Mammal, Toxicity, Animal.

I. INTRODUCTION

Milk is a product that needs to be kept cold until thermal
processing, and milk that waits on the farm may not be kept
cold at all times. Bacteria may grow before and during
transport, even in thecooled tanks (psychrotrophic bacteria),
and increases in the number of bacteria decreases milk
quality. Toxic materials left by dead bacteria such as
Staphylococcus aureus change milk's aroma,taste, and visual
properties, and the toxic materials withstand pasteurization
[1].

Particles <500 nm are called nanoparticles, and
nanoparticles are measured in nanometers (1 nm = 107
m). An atom is >0.1 nm, viruses are >10 nm, bacteria are
around 1,000 nm, and a human hair is 100,000 nm in
diameter. Bizzarro et al. (2005) reported that the smaller
the silver nanoparticles, the greater their antibacterial
effects, largely due to the increased surface to volumeratio
and crystal surface structure [2]. Normally, commercially
available AgNP used for antibacterial purposes are around
50 nm in diameter.

Unique size dependent properties of nanoparticles have
numerous diagnostic applications such as diagnostic
biosensors, imaging Nano probes for magnetic resonance
imaging contrast agents. Using  nanotechnology
multifunctional nanomaterial’s can be designed to image a
specific organ, target tissue, access deep molecular targets
and providedrug at controlled release. Great advances have

been and are being made in Nano biochip materials, Nano
scale biomimetic materials, Nano motors, Nano composite
materials, interface biomaterials and Nano biosensor with
enormous prospect in veterinary medicine application [3].
Applications of nanotechnology and nanoparticles in food,
animal breeding and animal productivity such as in meat
production, milk production are emerging rapidly. It used to
create materials and change structure, enhanced quality and
texture of foodstuffs at the molecularlevel. This technology
has a major impact on milk production in mammals.

Breast milk is known to be a rich source of exosomes,
with early milk containing a greater exosome concentration
compared to mature milk [4]. Proteins, microRNA and
mRNA are encapsulated by exosomes within a phospholipid
membrane to protect them from ribonuclease digestion,
freeze—thaw cycles and acidity [5]. This stability allows
exosome contents to reach the neonate's intestinal lumen
intact and be absorbed, in order to exert their effects.
Preterm mothers, however, are often unable to provide
sufficient breast milk, which results in the use of milk
banks. This milk is pasteurized, which is a process that has
been shown to disrupt exosomal membranes and degrade
contents, decreasing their concentration by approximately
50%, and preventing the infants from benefitting from the
protective effects of these contents.

II. EFFECT ON ANIMAL PERFORMANCE

Nanoparticles (NPs) of essential minerals, which can be used
as an alternative to conventional forms of elements in animal
diet [6]. It is assumed that much smaller doses of
nanoparticles will be required to cover animal requirements
for elements than bulk minerals and thus the environmental
impact caused by the high concentration of inorganic salts
will be alleviated [7]. Other than this, reduction in the
quantity of minerals supplemented to animal diet could
reduce the feed cost as well. Additionally, nano-forms of
elements can increase bioavailability to animals, due to their
properties such as small size, good homogeneity, high
surface area and physical reactivity. The biological
properties of nanoparticles such as lesser dose, lower
antagonism, greater absorption rate and better tissue
distribution can also be beneficial to animals. It is well-
known that nanoparticles have a great potential even at very
low doses [8]. Different types of metal/metal oxide
nanoparticles have already been tested as potential feed
additives and most often tested are zinc, silver, and copper
nanoparticles in  poultry diet. Metal/metal oxide
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nanoparticles supplemented to animal diet can improve not
only animal performance and productivity such as meat,
milk, and eggs production, but also ameliorate the quality of
the animal derived products [9].

Metal or metal oxide nanoparticles supplemented to animal
diet can improve not only animal performance and
productivity such as meat, milk, and eggs production, but
also ameliorate the quality of the animal derived products.
Usually, enrichment of animal products like meat or eggs
with microelements was observed [10]. It was reported that
nanoparticles can increase the bioavailability of nutrients to
animals due to their nanoscale size. Absorption of nutrients
in the gut may be enhanced and can exert strengthened
biological effects in the target tissues of animals. Minerals in
the nanoparticle form can pass through the stomach wall and
into body cells faster than common inorganic salts with a
larger particle size. Bunglavan et al. (2014) showed that in
the case of selenium, its nano-form transfer from the
intestinal lumen to the body was significantly higher than for
sodium selenite with significantly lower intestinal retention
of nano-Se than for the inorganic form [11]. It was observed
thar retention of nano-Se in the body was more efficient than
sodium selenite. Metal containing nanoparticles can be a
solution for nutrient deficiencies in animals and can enrich
animal products with microelements. Additionally, minerals
in the form of nanoparticles are believed to reduce intestinal
minerals antagonism and thus minimize their excretion and
environmental pollution [12].

Role of Zn in the animal system was well realized and
documented, however Zn from conventional sources is less
available to the body and thus mostly excreted to the
environment causing environmental pollution. Apart from
being highly bio-available, reports have pointed out the
growth promoting, antibacterial, and immune-modulatory
and many other beneficial effects of nano Zn. Thus, nano Zn
may be used at lower doses in livestock feed to provide
better results than the conventional Zn sources and indirectly
prevents environmental contamination also. So, thorough
and systematic studies were also recommended for
elucidating toxic effects, in any, dose fixation and also for
economic production procedures to take nano-Zn journey to
logical conclusions [13].

III. EFFECT ON MAMMARY GLAND

Nanoparticles can be distributed to the breast milk of
lactating mice without producing apparent damage to the
mammary gland. It was reported that the mammary gland
structure can be impaired to different degrees by the
nanoparticle exposure depending on the category of the
nanoparticle and the exposure route. All of the nanoparticle
exposures induced high apoptosis rates for the mammary
gland, suggesting they play harmful roles in the mammary
gland. Other than this, cytotoxicity of nanoparticles was
observed for human breast cells and their mammary
tumorigenesis traits. The evidences suggested that when
dams were exposed to nanoparticles via different pathways,
the potential toxicological impacts on offspring were
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different from each other. The mammary gland is a key
system in processing and delivering nutrients from the
mother to her offspring [14]. Reichmuth et al., reported that
SCC elevation has been linked with an animal’s innate
immune response in preparation for calving and to enhance
the mammary gland defense mechanism at this critical
calving time. Supplementation of zinc to pregnant goats at
pre kidding period had improved the humoral as well as cell-
mediated immunity and the effect of nano zinc was better
than inorganic zinc [15].

As the sole nutritional source for newborns, it is
extremely important to fortify specific milk components
when they are scarce to promote healthy growth of neonates.
Because the way that milk is fortified through maternal
manipulation depends largely on the concentration of milk
substrates de-livered to the mammary glands and the supply
of most nutritional components in breast milk such as lipid,
protein, vitamin, and other micronutrients (e.g.,
nicotinamide) can be enhanced by increasing maternal
nutrient supplements either orally or intravenously [16].

Another study reported similar to what was seen
with other Cd forms, Cd associated with inhaled CdO NP
results in renal injury to both directly exposed dam and
offspring. As commercial uses for nanotechnology continue
to expand throughout the world, risks for unintentional
exposure in the workplace increase. Given the large number
of women in the industrial workforce, care needs to be taken
to protect these already vulnerable populations [17]. Other
than this, Cd levels in a study reported below detectable
limits in the developing fetus, whole-body Cd levels in
offspring had Cd burdens ranging between 0.08 and 0.5 ng
Cd/mg body weight (Blum et al, 2012). The study
suggested that mammary glands are a site for preferential
deposition of Cd during pregnancy, and thus any CdO NP-
induced kidney injury in the neonate could be a result of
lactational exposure [18]

IV. EFFECT ON MILK YIELD

Generally, the milk yield is determined by offspring
weights and weight gains during the peak lactation period
according to the previous method [19]. In brief, each day
was divided to continuous 6 h and during each period,
mother and offspring were separated for 4 h before re-
uniting suckling intervals. Daily milk yield was determined
based on offspring weight gain during suckling intervals for
each day and were further corrected with offspring weight
loss. The milk yield with Zn NPs treatment was reduced in
the dams compared to the control, whereas other treatments
as zirconium and titanium did not alter the milk yield of
dams. In terms of milk composition, the Zr and Zn NPs
dams had lower milk fat concentrations than the control-
dams. The ROS concentrations in the milk of Ti and Zn
NPs dams were higher than in those of the control animals.
However, the concentrations of albumin, IgA, lactose,
protein, SC count, and B-casein in the blood were not
affected by nanoparticle exposure. The lower milk fat
concentration may be attributed to the lower fat
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biosynthesis in dams induced by the consumption of Zn and
Zr NPs. Relative to dams exposed to nanoparticles through
the airway routes, dams exposed to nanoparticles through
the oral route showed a lower fat biosynthesis rate, possibly
due to a dysfunction of gastrointestinal microbes, which
greatly contribute to the supply of milk fat precursors [20].
Finally, exposure to Zn NPs and Ti NPs may lead to
increased oxidative stress in mice, which further increased
the ROS accumulation in the milk.

Various studies have been done to investigate the effect of
dietary supplementation of zinc in lactating animals. In
most of the studies, zinc was used either as inorganic form
(oxide, sulfate) or organically bound chelated form. There
has been an equivocal response of zinc supplements on the
yield and composition of milk. Some researchers reported
that supplementation of Zn in the diet of lactating dairy
animals increased the milk production while others
observed no effect of the supplementation. Similarly, a
varying response has been reported with respect to
concentration of milk constituents [21].

A number of studies have been done to investigate the
effect of zinc supplementation on udder health and somatic
cell count (SCC). Milk zinc concentration has also been
another conflicting area with diverse results. To our
knowledge, very rare work has been done to study the effect
of nano zinc supplementation in periparturient goats.
During periparturient period, animals undergo a series of
well-orchestrated metabolic and physiological adaptations
to meet the extra demands of body, fetus, and lactation. So,
there may be increased demand for zinc due to its role in
cell proliferation, tissue growth and maintenance, DNA
synthesis, and RNA transcription. The average yield (g/day)
of fat, protein, and lactose was statistically similar among
all the groups at 30th and 45th presenting no effect of
inorganic zinc or nano zinc supplementation. There was no
significant effect of inorganic zinc or nano zinc
supplementation on milk constituents (%) like fat, protein,
lactose, SNF, and ash. The supplementation of Zn either as
inorganic ZnO or as nano zinc particles had no effect on
milk yield and composition. The results were in agreement
with previous studies, wherein there was no effect of zinc
supplementation from different sources on milk yield and
milk composition in dairy goats or cows was reported [22].
However, contradictory results were also reported in some
studies. Hassan et al. reported that milk yield and fat-
corrected milk (FCM) were significantly increased for zinc
methionate rations compared with inorganic Zn ration.
They contributed it to improving of nutrient composition
and its digestibility and hence the feeding values of ration.
Extra supplementation of zinc has no effect on milk yield
and composition [23].

V. NANOMATERIAL IN MAMMAL MILK

Yang et al. also found that the injection of quantum dots in
lactating rats reduced the weight gain of their neonates
[24]. The biological effect of nanoparticles (TiO2, ZrO2,
and ZnO) on the health of dams and neonates depends on
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the particle size. Zhang et al. showed that titanium dioxide
nanoparticles injure the mammary gland, which leads to
distribution of the nanoparticles to breast milk [25].
Fullerenes were also reported to be distributed to breast
milk after intravenous injection to lactating rats, and Ag
nanoparticles and titanium dioxide nanoparticles were
reported to be distributed to breast-fed pups after maternal
exposure during lactation; however, no histologic
examination of the mammary gland was performed in these
studies. Maternal exposure to titaniumdioxide nanoparticles
during lactation has been reported to have biological
effects on breast-fed pups [26]. Considering that
nanoparticles may be distributed to breast milk, more-
detailed safety information, such as information about the
properties that determine whether nanoparticles are
distributed to breast milk and about whether nanoparticles
can transfer to breast milk without injuring the mammary
gland, must be collected. Unfortunately, exhaustive studies
ofthis nature have not been conducted.

When lactating dams were intravenously injected with Ag
nanoparticles, these were distributed to breast milk and
subsequently to breast-fed pups. Smaller Ag nanoparticles
were more readily distributed to breast milk than were larger
nanoparticles. Au nanoparticles could also be distributed to
breast milk. Orally administered Ag NPs was also
distributed to breast milk and then distributed to and
retained in the pups’ brains. Despite the retention of Ag in
the brain, the offsprings’ neuromuscular strength,
depression-related behavior, locomotor activity, anxiety-
like behavior, pain sensitivity, social interaction, motor
ability, motor learning, acoustic startle response, pre- pulse
inhibition, gait function, and context memory were not
affected by maternal exposure to nAgl0 or Agt+ during
lactation [27].

Another study analyzed the transfer of metallic
silver nanoparticles through the placenta and breastmilk in
an in vivo experiment. The accumulation of NPs in rat
fetuses and infant rats consuming their mother’s breast
milk was evaluated. In all cases, authors observed a
penetration of the Ag NPs through the placenta and their
entry into the mother’s milk. The average level of
accumulation of NPs in fetuses was 0.085-0.147% of the
administered dose, which was comparable to the
accumulation of the label in the liver, blood, and muscle
carcass of adult animals and exceeded the penetration of
NPs across the hematoencephalic barrier into the brain of
females. In lactating females, accumulation of Ag NPs into
the milk was reported and other absorbed into the
gastrointestinal tract of infant rats [28].

VI. CONCLUSIONS

The studies on milk production are rapidly spread over the
world due to high nutritional value contains which is very
essential for us. Nanoparticle influence was reported on the
animal performance, milk performance, mammary glands,
milk yield and also affects the bread-fed offspring in the
milk production. It was reported that the milk yield with Zn
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NPs treatment was reduced in the dams compared to the
other zirconium and titanium. Infant nanomaterial exposure
is a worldwide concern, breastfeeding transfer of transition
metal-oxide nanoparticles to as well as their toxicity to
offspring are still unclear. Infant nanomaterial exposure is a
worldwide concern, breastfeeding transfer of transition
metal-oxide nanoparticles to as well as their toxicity to
offspring are still unclear. Breastfeeding transmits nutrition
and immunity from mothers to their offspring; it also
provides a portal for maternal toxins to enter offspring.
Thus, a toxicology assessment of both mothers and their
offspring should be established to monitor nanomaterial
exposure during lactation. The food chain is an important
pathway for investigation intake of NPs to high-trophic-
level organisms.
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