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Abstract

Milk is an important source of high-quality protein, fat, minerals, vitamins and other
biologically active components. However, its nutritional richness also makes it highly
susceptible to microbial growth and contamination. Clean milk production refers to the
production, collection, handling, storage and transportation of milk under hygienic conditions
while maintaining animal health and milk quality. Contamination can occur from the udder,
animal body surface, hands of milkers, utensils, water, feed, housing, milking equipment and
the surrounding environment. Mastitis is another major factor affecting milk quality because
infected udders may contribute microorganisms and inflammatory changes to milk. Good
animal health, hygienic milking, proper udder preparation, clean equipment, rapid cooling and
appropriate storage are therefore essential components of clean milk production. Modern
technologies such as rapid microbial detection, sensors, automated milking systems and digital
quality monitoring can further strengthen milk safety. Clean milk production is important not
only for consumer health but also for improving dairy profitability and reducing milk losses.
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A. Introduction

Milk occupies an important position in human nutrition and the dairy industry. It
contains a balanced combination of nutrients and is consumed directly or processed into
products such as curd, yogurt, cheese, butter and other dairy foods.

However, milk is also an excellent medium for microbial growth. Your recent article
on microorganisms in milk emphasizes that the high water activity, nutrient composition and
near-neutral pH of milk create favourable conditions for microbial growth.

Milk can become contaminated at almost every stage between the udder and the
consumer. Therefore, clean milk production must begin at the farm and continue throughout

collection, cooling, transportation and processing.
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B. What is Clean Milk Production?

Clean milk production means obtaining milk from healthy animals under hygienic conditions
and handling it in a manner that minimizes contamination while preserving its nutritional and
technological quality.

The major components include:

Healthy animal — Clean udder — Hygienic milking — Clean utensils/equipment —

Immediate filtration — Rapid cooling — Hygienic storage — Safe transportation
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Clean Milk — Healthy People — Sustainable Dairy Farming

Clean milk production is therefore not a single activity. It is a continuous chain of hygienic
practices.
C. Health of the Dairy Animal
The first requirement for producing good-quality milk is a healthy animal.
Animals should be:
e Regularly monitored for disease
o Properly vaccinated according to farm requirements
« Maintained under clean housing conditions
e Provided balanced nutrition
o Supplied safe drinking water
e Regularly examined for udder health
Particular attention should be given to mastitis. Mastitis can contribute microorganisms and
inflammatory compounds to milk and consequently affect milk quality.
Animals receiving antibiotics should also be managed according to appropriate withdrawal
periods so that milk containing unacceptable residues does not enter the food chain.
D. Udder and Teat Hygiene
The udder is one of the most important sources of contamination during milking.
Before milking:
1. Observe the udder and teats.
2. Check for visible dirt or manure.
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3. Clean dirty teats appropriately.
4. Use clean water and hygienic materials.
5. Dry the teats using clean individual towels.
6. Perform pre-milking teat disinfection where appropriate.
7. Discard abnormal milk.
The teat surface should be as clean and dry as possible before milking.
E. Hygiene of the Milker
Human handling is another important source of contamination.
Milk handlers should:
e Wash hands before milking
« Keep fingernails short and clean
« Avoid touching contaminated surfaces
e Wear clean clothing
« Cover wounds appropriately
« Avoid coughing or sneezing over milk
e Maintain personal hygiene
Good hygiene is particularly important when milk is collected manually.
F. Clean Milking Equipment
Milking equipment, buckets, cans, filters and other utensils can become major sources of
contamination if they are not properly cleaned.
Equipment should be:
e Cleaned immediately after use
o Washed using appropriate cleaning procedures
e Properly rinsed
o Disinfected where required
e Dried adequately
e Protected from dust and insects
o Stored in aclean area
Biofilms are an important challenge because microorganisms can attach to equipment surfaces
and become difficult to remove. Your milk microbiology article identifies biofilm formation
as a persistent contamination problem in dairy processing environments.
G. Clean Water
Water used for cleaning udders, equipment and milking areas should be of appropriate quality.
Contaminated water can introduce microorganisms into:

e Teats
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e Milking equipment
e Milk containers
o Farm surfaces
Therefore, water quality should be included in routine farm hygiene programmes.
H. Housing and Farm Environment
The environment surrounding the animal directly affects milk hygiene.
Important practices include:
e Clean bedding
e Regular removal of manure
e Proper drainage
e Dryfloors
o Adequate ventilation
« Control of flies and insects
e Clean feeding areas
« Prevention of dust accumulation
Environmental microorganisms from bedding, soil, water and equipment surfaces can enter
milk when sanitation is inadequate.
I. Milk Cooling and Storage
Freshly collected milk should be cooled rapidly whenever appropriate infrastructure is
available.
Rapid cooling helps slow microbial multiplication. However, refrigeration does not eliminate
all microorganisms.
Psychrotrophic bacteria can grow at refrigeration temperatures and may produce enzymes that
degrade milk proteins and fats.
Therefore:
Clean milk + rapid cooling + hygienic storage = better milk quality
J. Detection of Milk Contamination
Traditional milk-quality monitoring includes:
o Standard plate count
e Coliform count
e Somatic cell count
o Pathogen detection
« Antibiotic residue testing

Modern technologies are providing additional possibilities.
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PCR and gPCR can provide sensitive detection of microorganisms, while biosensors and
microfluidic technologies are being investigated for rapid and potentially on-line monitoring.
K. Advantages of Clean Milk Production

« Improves consumer safety

e Increases shelf life

« Reduces microbial contamination

o Improves processing quality

e Reduces milk spoilage

« Reduces economic losses

e Improves farmer income

e Supports production of quality dairy products

« Builds consumer confidence
Microbial contamination can result in foodborne illness, spoilage, product recalls and economic
losses throughout the dairy value chain.
L. Common Causes of Poor Milk Quality

« Dirty animals

e Mastitis

e Poor milking hygiene

o Dirty utensils

« Contaminated water

« Poor housing hygiene

o Delayed cooling

e Improper milk storage

e Inadequate cleaning of milking equipment

« Poor transportation conditions
M. Future Perspectives
The future of clean milk production will increasingly combine conventional hygiene with
modern technology.
Potential developments include:

e Automated milking systems

o Digital milk-quality monitoring

« Rapid microbial biosensors

e Smart temperature monitoring

o Electronic mastitis detection

o Automated teat disinfection
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o Al-assisted farm management
o Blockchain-based traceability
e On-farm rapid diagnostic systems
The integration of rapid detection, predictive microbial monitoring and improved sanitation is
expected to strengthen dairy hygiene systems.
N. Conclusion
Clean milk production begins with a healthy animal and continues through hygienic
milking, clean equipment, safe water, rapid cooling, proper storage and hygienic transportation.
Every stage of the milk chain contributes to the final quality of the product. Improving farm-
level hygiene is therefore one of the simplest and most effective approaches to improving dairy
food safety.
The future of clean milk production will depend on combining good management

practices with rapid diagnostics, sensors, automation and digital monitoring technologies.
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