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Background & Challenge
- Cow milk provides energy and nutritional factors that are inevitable to
the process of human growth. Prior to being available for consuming,
raw milk undergoes pasteurization for elimination of pathogenic
microorganisms which can cause a greater risk of illness if not sterilized
by 840 folds.1
- However, even after pasteurization, several notable thermoduric and
psychotropic pathogens survive and cause foodborne outbreaks that put
pressure on the nation's nutritional security.2 One of the biggest
challenges lies in the incomplete eradication of Staphylococcus aureus
(S. aureus) due to its ability to form biofilm. Between the year 2000 and
2016, pooled prevalence rates of S. aureus contamination in pasteurized
and raw cow’s milk were 15.4% and 33.5%, while the prevalence of
MRSA were 4.9% and 2.3%, respectively.3
- The presence of S.aureus in milk further contributes to the contamination
along dairy supply chains and poses microbiological challenges.2,5
S.aureus has the potential to cause various complications, such as food
poisoning in humans and mastitis in bovine.6 Among all mastitis cases in
China, 10-40% of them are caused by S.aureus.7

Figure 1. Trends in Staphylococcus aureus (S. aureus) prevalence and its 95% confidence interval
(CI) in sampled raw cow's milk based on the year during which the study was conducted.3

Solution
The formation of biofilm by S.aureus creates further concern for
healthcare as it prevents antibiotic invasion. While phages as a whole
organism or its derived proteins (endolysin and depolymerase) as free
enzymes have shown promising biofilm-degrading ability, we advocate
the use of the latter for eradication of S.aureus and its biofilm in milk
as they overcome phage resistance as well as safety concerns due to
the absence of virulence gene transfer.

Methods
- S. aureus is able to withstand pasteurization via the formation of
biofilm, which allows the bacteria to thrive well in inhospitable
environments such as the during pasteurization.8
- To verify the efficacy of phage-based treatment for complete
eradication of S. aureus, as well as the advantage of using phage
derived proteins in further milk purification, we design an
experiment as follows.
1. Phage isolation from raw cow milk
2. Divide raw milk into test tubes A, B, C, D and add treatment
• A: whole phage
• B: phage-derived enzyme
• C: whole phage + phage-derived enzyme
• D: control
3. Pasteurization of the milk samples
4. Evaluate remaining bacteria in the four groups

Application of phage and its components could combine with traditional
pasteurization for thorough milk filtration with further elimination of
S.aureus. Moreover, we believe exploiting the field of phage suggests a
fundamental aspect in the contribution of One Health as interactions
between bacteria and phage represent a natural relationship that prompts
ecological processes in the microbial world.

Significance & Future Perspectives
- Milk is an essential part of a balanced diet throughout childhood
and adulthood, since it is necessary for growth and especially for
the formation of bone mass. To ensure food and nutrition security,
as well as to maintain nutrition along the food supply chain, such as
preventing bovine mastitis, it is of utmost importance to find
solutions, such as phage-based therapy, for complete eradication of
S.aureus.
- We believe phage derived proteins are more promising as they
allow for being extensively genetically engineered to increase
effectiveness. Future studies should focus on exploring different
encapsulations of phage derived proteins using nanobiomaterials
for prolonged and ensured efficacy.

Figure 3. Experiment protocols of phage-based therapy for complete eradication of S.
aureus in milk

Evidence
Numerous studies have proven phages to be effective in controlling
various bacteria not only during chilled storage of dairy products, but
also in mammary-gland tissues of bovine. Descriptions of recent
studies are seen below.
Author, Year

Phage/Lysin Results

Tanaka et al., Phage, HU1 - P.lactis counts in raw milk when treated with phage
2018 9
decreased by 1,000-fold compared to those without
phage treatment
Geng et
2020 6

al., Phage
cocktail

- The S. aureus in mouse models with mastitis
displayed significantly (P < 0.001) lower bacterial load
relative to control group after treatment with phages

Nascimento et Phage
al., 2022 10
cocktail

- Phage cocktail reduced P. fluorescens counts in raw
milk by around 3 log CFU/ml compared to control
group

Song et
2021 11

Figure 2. Depiction of biofilm removal using phages and its derived enzymes4

Innovation

al., Phage, SDQ - In milk: compared with control group, the S. aureus
concentration in biofilm had decreased by 69% (24h)
and 95% (48h)
- In mammary-gland tissue: SDQ destroyed the
biofilm in mammary-gland tissue, also prevented its
formation; reduced S. aureus counts in the biofilm by
98%

Figure 4. Potential infectious cycle of S. aureus in One Health environment
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