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Abstract

Background. Exosomes are nanoscale vesicles that play a pivotal role in intercellular
communication. Among various biological fluids, mammalian milk has emerged as an
ideal source due to its safety, wide availability, and cost-effectiveness. Despite significant
growth in this field, current evidence remains fragmented due to heterogeneity in
biological sources, isolation protocols, purity standards, and stability assessment criteria.
This critical review addresses this research gap by providing a systematic comparison of
various milk sources and isolation methods with evaluating purity, yield, proteomic
profiles, stability, and translational applicability and thereby elucidating the biomedical
potential of these nanovesicles.

Methods. In this critical review, relevant data were gathered by searching key terms (milk-
derived exosomes, sources, extraction approaches, proteomics, stability, and
biopharmaceutical applications) across the Web of Science, PubMed, Medline, and
Scopus databases, covering literature from inception up to July 2026. All source materials
associated with empirical studies were included in the analysis, whereas publications
lacking accessible full texts were excluded.

Results. The reviewed studies indicate that milk-derived exosomes are capable of
crossing biological barriers, entering target cells, and delivering molecular cargos
including proteins, mMRNA, miRNA, and lipids, thereby modulating recipient cell
functions. Contaminants were shown to significantly affect exosome purity, highlighting
the need for reproducible isolation techniques such as differential centrifugation, density
-gradient ultracentrifugation, size-exclusion chromatography, and ExoQuick
precipitation. LC-MS/MS-based proteomic analyses have enabled precise
characterization of exosomal components and deeper insight into their biogenesis and
functional roles. Evidence also demonstrates that milk-derived exosomes exhibit
considerable stability under various temperature conditions and in simulated
gastrointestinal environments, effectively protecting their cargos. Moreover, preclinical
studies emphasize their bioactive properties, therapeutic delivery potential, and utility as
non-invasive biomarkers for disease diagnosis.

Conclusion. Milk-derived exosomes represent a promising platform for biomedical
applications and advanced drug delivery systems owing to their biological stability,
efficient molecular cargo transport capacity, and high biocompatibility. Nevertheless,
standardization of isolation procedures and further clinical evaluations are essential to
fully realize their therapeutic potential.

*Corresponding author; Email: aghebatil@tbzmed.ac.ir

© 2026 The Authors. This is an Open Access article published by Tabriz University of Medical Sciences under the terms of the Creative Commons
Attribution CC BY 4.0 License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.


https://doi.org/10.34172/mj.026.35395
https://mj.tbzmed.ac.ir/
mailto:aghebatil@tbzmed.ac.ir
mailto:aghebatil@tbzmed.ac.ir
https://orcid.org/0000-0001-5957-0540
https://orcid.org/0000-0003-1580-3829
https://orcid.org/0000-0001-5040-9769
https://orcid.org/0009-0008-0471-172X
https://orcid.org/0000-0002-0044-5961

Abbasi, et al.

Practical Implications. Milk-derived exosomes can serve as safe and naturally
biocompatible nanocarriers for drug and gene delivery. Their stability and ability to cross
biological barriers make them promising candidates for the development of novel
therapeutic systems, functional foods, and non-invasive diagnostic biomarkers.
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Extended Abstract

Background
Milk-derived exosomes have emerged as a highly

promising class of natural nanovesicles with
significant potential in biomedical research and
translational applications. These vesicles are released
by mammalian milk and participate in intercellular
communication through the transport of proteins,
lipids, mRNA, and microRNA. Their biological
relevance, together with milk’s inherent safety,
accessibility, and large-scale availability, has
positioned milk as an attractive source for exosome
isolation. However, despite rapid growth in this field,
the literature remains fragmented because of
substantial variation in milk species, isolation
strategies, purification levels, analytical methods, and
stability assessment criteria. These inconsistencies
limit comparability across studies and hinder clinical
translation. The present review addresses these gaps
by critically evaluating milk-derived exosome
isolation  approaches, proteomic  composition,
physicochemical stability, and reported biomedical
functions, with emphasis on methodological
robustness and translational potential.

Methods
This review was designed as a structured analytical

synthesis of published evidence on milk-derived
exosomes. A comprehensive literature search was
conducted across major scientific databases, including
PubMed/MEDLINE, Scopus, and Web of Science,
using combinations of keywords related to milk
origin, exosome isolation, purification,
characterization, proteomics, and biomedical
application. Studies were considered eligible if they
reported original data on milk-derived exosomes from
human or non-human mammalian sources and

provided sufficient methodological detail on
extraction, purification, characterization, or functional
evaluation. Both classical and advanced isolation
strategies were examined, including differential
centrifugation, ultracentrifugation, density-gradient
ultracentrifugation, size-exclusion chromatography,
and commercial precipitation-based approaches. The
review further assessed characterization techniques

such as transmission electron  microscopy,
nanoparticle tracking analysis, dynamic light
scattering, western blotting, and LC-MS/MS

proteomics. Particular attention was given to studies
that compared vyield, purity, structural integrity, and
preservation of biological activity across protocols
and species. Evidence related to thermal stability,
gastrointestinal resistance, cellular uptake, and in vivo
bioactivity was also extracted and synthesized to
identify reproducible patterns and methodological
limitations.

Results
The reviewed evidence demonstrates that milk-

derived exosomes are structurally and functionally
distinct nano-sized vesicles with broad biomedical
relevance. A major finding is that the source of milk
and the extraction method markedly influence vesicle
yield, purity, and downstream functionality.
Differential centrifugation remains the most widely
used initial isolation method because of its
accessibility and compatibility with large sample
volumes; however, it is labor-intensive and often co-
isolates casein micelles, protein aggregates, and lipid
contaminants. Density-gradient ultracentrifugation
generally provides higher purity but requires
specialized equipment, extended processing time, and
substantial technical expertise. In contrast, size-
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exclusion chromatography has gained attention for
producing cleaner exosome fractions while better
preserving membrane integrity and functional cargo.
Commercial precipitation kits offer convenience and
speed but often compromise purity and are therefore
less suitable for studies requiring rigorous molecular
characterization. Proteomic analyses using LC-
MS/MS have revealed that milk exosomes carry
highly diverse protein repertoires associated with
vesicle trafficking, immune modulation, cytoskeletal
remodeling, metabolism, and signal transduction.
Across human, bovine, porcine, camel, and other
mammalian milk sources, common exosomal markers
such as CD9, CD63, CD81, and TSG101 have been
consistently detected, supporting the conserved nature
of these vesicles. At the same time, species-specific
proteomic signatures suggest biological specialization
depending on the origin of the milk. Functional
annotation  of identified proteins indicates
involvement in host defense, epithelial maintenance,
extracellular ~ matrix  interactions, and cell
communication, reinforcing the view that milk
exosomes are not passive carriers but biologically
active entities. Stability testing represents one of the
strongest findings in the reviewed literature. Milk-
derived exosomes show remarkable resistance to
environmental stress, including heating, pH variation,
enzymatic digestion, and prolonged storage under
selected conditions. Their resilience in simulated
gastric and intestinal fluids suggests that they can
survive the harsh gastrointestinal environment,
making them especially attractive for oral delivery
systems. Several studies reported that vesicle
morphology and cargo integrity were retained after
exposure to high temperatures and digestive enzymes,
although the degree of resistance depended on
isolation purity and storage conditions. This stability
is a key advantage over many synthetic or cell-derived
nanocarriers and supports the feasibility of oral
therapeutic formulations.

The functional literature further indicates that milk
exosomes possess multiple bioactivities. In cellular
and animal models, they have been associated with
immunomodulatory  effects,  anti-inflammatory

responses, oxidative stress reduction, and improved
epithelial barrier function. Some studies reported
protective effects in intestinal injury and necrotizing
enterocolitis models, while others showed attenuation
of inflammatory signaling in arthritic or epithelial
systems. Milk exosomes have also been explored as
drug delivery vehicles for bioactive compounds such
as curcumin, paclitaxel, and siRNA, with evidence of
improved bioavailability, enhanced cellular uptake,
and selective targeting. Their endogenous origin, low
toxicity, and natural membrane composition provide
advantages over many engineered nanocarriers.
Nevertheless, the review also identifies unresolved
issues, including heterogeneity in reporting standards,
limited dose-response data, insufficient mechanistic
clarification of uptake pathways, and a lack of
standardized purity benchmarks. These limitations
reduce confidence in cross-study comparison and
complicate progress toward regulatory acceptance.

Conclusion
Milk-derived exosomes represent a robust and

versatile natural nanoplatform with strong potential
for diagnostics, oral delivery, immune modulation,
and therapeutic cargo transport. The reviewed
evidence supports their favorable stability, conserved
exosomal markers, functional bioactivity, and
practical scalability as a biomaterial source. Among
available methods, size-exclusion chromatography
and carefully optimized ultracentrifugation workflows
appear most suitable when both purity and
functionality are required. However, meaningful
clinical translation will depend on standardized
isolation and characterization protocols, better
reporting of purity and yield metrics, and rigorous
evaluation of safety, biodistribution, and long-term
biological effects. Future studies should prioritize
harmonized analytical frameworks and head-to-head
methodological ~ comparisons  to  strengthen
reproducibility. Overall, milk-derived exosomes are
positioned as a compelling platform for next-
generation biomedical applications, provided that the
current methodological variability is addressed with
greater technical and regulatory rigor.
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