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ABSTRACT

This review provides a detailed assessment of the influence of boiling and refrigeration on the microbial load and spoilage in milk. As milk is highly susceptible to
contamination and rapid microbial proliferation, interventions such as boiling and cold storage are commonly utilized to enhance safety and shelf-life. Boiling
effectively reduces the initial microbial count, eliminating most vegetative bacteria, while refrigeration inhibits bacterial growth during storage, maintaining
microbiological quality. The paper highlights the types of spoilage organisms that persist post-treatment, the roles psychrotrophic and spore-forming bacteria play
during cold storage, and the limitations of these methods. Findings underscore the necessity of combining heat and cold interventions, along with stringent hygiene
practices, to reduce spoilage and ensure milk safety for consumers.
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Introduction

Milk is a highly nutritious and complex biological fluid that provides essential nutrients such as proteins, fats, vitamins, and minerals, making it an
important component of the human diet worldwide. However, this richness also makes milk an excellent medium for the growth of microorganisms,
which can rapidly lead to spoilage and pose significant risks to public health through the transmission of pathogenic bacteria (Wang et al., 2017). Due to
its perishable nature, maintaining the microbiological quality of milk from production to consumption is critical to ensuring its safety and shelf life.

Microbial contamination of milk can occur at various points in the production chain, starting from the udder during milking to handling, processing, and
storage (Kumar et al., 2018). The presence of spoilage organisms and pathogenic microbes not only degrades milk quality by causing off-flavors, texture
changes, and curdling but also increases the risk of foodborne illnesses (Singh & Singh, 2016). To mitigate these risks, multiple preservation techniques
have been developed, with boiling and refrigeration among the most widely used methods at both household and commercial levels.

Boiling milk is a traditional heat treatment method that aims to reduce the microbial load by inactivating vegetative bacteria and some pathogens. It is a
simple and effective approach, especially in regions lacking access to pasteurized milk (Sharma et al., 2019). However, boiling can also impact the
sensory and nutritional properties of milk, including changes in color, taste, and some heat-sensitive nutrients. Refrigeration, on the other hand, slows
down microbial metabolism and growth by maintaining low temperatures, thus prolonging the shelf life of milk (Gupta et al., 2017). However, certain
psychrotrophic bacteria can still grow at refrigeration temperatures, leading to spoilage over extended storage periods.

Given the complementary roles of boiling and refrigeration, understanding their combined impact on reducing microbial load and extending milk's shelf
life is central to improving milk safety practices. This review aims to critically evaluate existing literature on the effects of boiling and refrigeration on
microbial contamination in milk, highlighting their mechanisms, efficacy, challenges, and implications for milk handling and consumption.

Microbial Contaminants in Milk

Milk is an ideal growth medium for a wide range of microorganisms due to its rich composition of nutrients such as lactose, proteins, and fats. These
nutrients support the proliferation of various bacteria, yeasts, and molds, many of which can adversely affect milk quality and safety. The microbial load
in milk can originate from multiple sources, including the animal’s udder, milking equipment, handlers, and the environment surrounding milk production
and storage (Fox et al., 2017).

The primary microbial contaminants in milk include spoilage microorganisms and pathogens. Spoilage bacteria, such as species from the
genera Pseudomonas, Bacillus, and Lactobacillus, are widespread in milk and are responsible for degradation of sensory attributes including flavor, odor,
and texture. These organisms produce enzymes like lipases and proteases that break down milk fat and proteins, causing defects such as rancidity and
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curdling during storage (Hassan et al., 2019). Some psychrotrophic bacteria are also capable of growing at refrigeration temperatures, leading to spoilage
despite cold storage (Nesbakken, 2014).

Pathogenic microorganisms commonly found in milk include Escherichia coli, Listeria monocytogenes, Salmonella spp., Staphylococcus aureus,
and Campylobacter jejuni (Jayarao & Henning, 2001). These pathogens pose severe health risks when contaminated milk is consumed raw or
inadequately processed. They can cause diseases ranging from mild gastrointestinal distress to more serious systemic infections.

The contamination routes largely depend on hygiene practices during milking, the health of the dairy animal, and post-harvest handling. Poor milking
practices, such as unclean equipment or hands, can transfer microbes from the environment or animal skin to the milk, increasing the microbial burden
(Radostits et al., 2010). Additionally, environmental contaminants from soil, water, and feed can also contribute to the microbial population in milk.

Understanding the diversity and sources of microbial contaminants is essential for developing effective milk safety protocols and preservation methods.
This knowledge provides the foundation for evaluating interventions like boiling and refrigeration to mitigate microbial risks and extend milk shelf life.

Effect of Boiling on Microbial Load

Boiling is one of the most widely used methods to reduce microbial contamination in milk, particularly in domestic settings where pasteurization facilities
are unavailable. This thermal treatment involves heating milk to 100°C for a short duration, typically 1-5 minutes, which effectively inactivates vegetative
forms of bacteria, yeasts, and molds present in raw milk (Sharma et al., 2019). Boiling significantly decreases the total bacterial count, including
mesophilic bacteria and coliforms, thus enhancing milk safety and shelf life.

The mechanism of microbial reduction through boiling primarily involves protein denaturation and disruption of microbial cell membranes due to heat
exposure. While boiling effectively kills most vegetative pathogens such as Escherichia coli and Staphylococcus aureus, heat-resistant bacterial spores,
such as those from Bacillus species, may survive and germinate during storage if conditions permit (Kumar & Malik, 2017).

Studies quantifying microbial load before and after boiling reveal a drastic reduction in colony-forming units (CFU) per milliliter, often achieving
reductions greater than 99%. For example, Sharma et al. (2019) observed a decrease in total bacterial count from an average of 1.2 x 106 CFU/mL in
raw milk to fewer than 1 x 102 CFU/mL after boiling. However, the effectiveness of boiling can be influenced by factors such as milk volume, heating
time, and initial microbial load.

While boiling improves microbiological safety, it can also induce minor changes in milk’s sensory and nutritional attributes, including slight
caramelization of lactose and denaturation of some heat-sensitive proteins and vitamins (Singh & Singh, 2016). Therefore, kettle design and boiling
duration are optimized in some regions to balance microbial safety and minimal quality degradation.

Table 1: Effect of Boiling on Microbial Load in Milk

Study Initial Microbial Load Microbial Load After Reduction (%) Notes
(CFU/mL) Boiling (CFU/mL)

Household boiling, 5

Sharma et al. (2019) 1.2 x 10"6 <1x10"2 >99.99 minutes
Kumar &  Malik 3 minutes boiling, raw
(2017) 9.5 x 10”5 2x10"2 >99.98 cow milk

Effect on pathogens
Singh & Singh (2016) 1 x 106 5x 1072 99.95 and spoilage bacteria

Boiling remains an accessible and effective intervention to reduce microbial contamination in milk, particularly in resource-limited contexts. However,
it should be complemented with proper storage conditions, such as refrigeration, to prevent post-boiling contamination and growth of surviving heat-
resistant microbes.

Effect of Refrigeration on Microbial Load and Spoilage

Refrigeration is a critical method for prolonging the shelf life of milk by slowing down microbial growth and enzymatic activities responsible for spoilage.
By maintaining milk at temperatures typically between 2°C and 6°C, refrigeration inhibits the proliferation of most mesophilic bacteria, thereby extending
the time before milk becomes unfit for consumption (Gupta, Singh, & Kumar, 2017). However, certain psychrotrophic bacteria, such as species
of Pseudomonas, Listeria, and Aeromonas, are capable of growing even at low temperatures, which can lead to spoilage despite refrigeration (Nesbakken,
2014).
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The bacterial load in refrigerated milk often rises gradually due to growth of these cold-tolerant organisms, producing spoilage enzymes like proteases
and lipases. These enzymes degrade milk proteins and fats, causing off-flavors, bitterness, gel formation, and coagulation. Prolonged cold storage may
thus result in sensory and functional deterioration irrespective of reduced total bacterial counts compared to raw milk at ambient temperature (Wang, Li,
& Zhao, 2017).

Studies have demonstrated that lower refrigeration temperatures and reduced storage duration correlate with better microbial quality and delayed spoilage.
Gupta et al. (2017) reported that milk stored at 4°C maintained acceptable microbial counts and sensory properties for up to 72 hours, whereas milk stored
above 7°C showed significant bacterial growth and early spoilage. Similarly, Khan et al. (2018) found that bacterial counts increased from 103 to 10"6
CFU/mL during 7 days of storage at 5°C due to psychrotrophic organisms.

Table 2: Impact of Refrigeration Temperature and Duration on Microbial Load in Milk

Study Storage Storage Initial Microbial Microbial Load Main Spoilage Organisms
Temperature Duration Load (CFU/mL) at End of Observed
(°C) (Days) Storage
(CFU/mL)
Gupta et
al. (2017) 4 3 2x10"3 5x10M Pseudomonas spp., Lactobacillus spp.
Khan et
al. (2018) 5 7 1x10"3 1x10"6 Psychrotrophs, Pseudomonas spp.
Wang et Listeria
al. (2017) 6 5 5 x 10”3 7 x 10"5 monocytogenes, Aeromonas spp.

The effectiveness of refrigeration is therefore influenced by storage temperature, duration, initial milk quality, and the presence of psychrotrophic bacteria.
Refrigeration cannot completely prevent spoilage but significantly delays it by limiting rapid microbial growth. Ensuring a consistent cold chain and
minimizing storage times are essential to maintaining milk safety and quality.

Combined Effects of Boiling and Refrigeration

The sequential application of boiling followed by refrigeration represents a synergistic approach to improving the microbiological quality of milk and
extending its shelf life. Boiling effectively reduces the initial microbial load by eliminating most vegetative bacteria and pathogens, while subsequent
refrigeration slows or prevents the proliferation of surviving microorganisms, particularly psychrotrophic bacteria (Sharma et al., 2019; Gupta et al.,
2017).

Research demonstrates that this combination significantly enhances milk safety compared to either method used alone. For example, Sharma, Singh, and
Thakur (2019) reported that microbial counts in boiled milk stored at 4°C remained below 103 CFU/mL for up to 48 hours, whereas unboiled refrigerated
milk reached comparable contamination levels within 24 hours. Similarly, Khan et al. (2018) observed extended shelf life and better sensory properties
in milk subjected to boiling prior to cold storage versus raw milk refrigerated directly.

The effectiveness of boiling plus refrigeration depends on factors such as initial microbial contamination, storage temperature, and duration. Despite the
reduction of most bacteria by boiling, heat-resistant spores and psychrotrophs can persist and multiply during prolonged refrigeration if storage conditions
are suboptimal (Nesbakken, 2014). Therefore, rapid cooling post-boiling and maintaining proper refrigeration temperatures are essential to maximize
microbial inhibition.

Table 3: Comparative Microbial Loads in Raw, Boiled, and Boiled + Refrigerated Milk

Study Treatment Storage Storage Microbial Shelf Life Notes
Type Temp (°C)  Duration (hrs) Load (Estimated)
(CFU/mL)
Sharmaetal. Raw+ Rapid microbial

(2019) Refrigerated 4 24 1x 1075 ~24 hrs growth




International Journal of Research Publication and Reviews, Vol 6, Issue 9, pp 1816-1821 September, 2025

1819

Study Treatment Storage Storage Microbial Shelf Life Notes
Type Temp (°C)  Duration (hrs) Load (Estimated)
(CFU/mL)

Sharma et al. Microbial load
(2019) Boiled only 25 24 1x10"3 ~24 hrs reduced by boiling
Sharmaetal.  Boiled +
(2019) Refrigerated 4 48 <1x10"3 ~48 hrs Extended shelf life
Khan et al. Boiled + Longer freshness and
(2018) Refrigerated 4 72 <1x10M ~72 hrs quality
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Figure 1: Schematic Diagram of Microbial Load Reduction and Spoilage Progression in Milk Treated by Different Methods

By integrating boiling and refrigeration, consumers and dairy processors can significantly mitigate spoilage risks and enhance milk safety, especially in
settings with limited access to industrial processing. This dual strategy remains one of the most practical and cost-effective means of preserving milk

quality.

Limitations and Challenges

Despite the effectiveness of boiling and refrigeration in reducing microbial load and delaying milk spoilage, several limitations and challenges affect their

efficacy and practical application. Understanding these barriers is crucial for improving milk preservation strategies and ensuring consumer safety.
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Heat-Resistant Spores and Bacterial Persistence

One significant limitation of boiling is its inability to completely eliminate heat-resistant bacterial spores, primarily from genera such
as Bacillus and Clostridium (Kumar & Malik, 2017). These spores can survive boiling temperatures and germinate during storage, especially if cold chain
management is inadequate. Psychrotrophic spore-formers contribute to spoilage by producing heat-stable enzymes that degrade milk quality even after
heat treatment (Nesbakken, 2014).

Post-Boiling Contamination

Another challenge is the potential for recontamination of milk post-boiling during cooling, handling, or storage. If hygienic practices are not strictly
followed, freshly boiled milk can be exposed to environmental pathogens and spoilage organisms, negating the microbial inactivation achieved by boiling
(Sharma et al., 2019). This risk is exacerbated in household and rural settings lacking sanitized storage containers and clean water.

Refrigeration Challenges

Refrigeration effectively slows microbial growth but does not kill microbes, allowing psychrotrophic bacteria to multiply over extended storage periods

(Gupta et al., 2017). Temperature fluctuations during storage, such as intermittent power outages or improper refrigeration equipment, accelerate spoilage
and microbial proliferation (Wang et al., 2017). Additionally, refrigeration is energy-dependent, which may limit accessibility in low-resource areas.

Impact on Milk Quality

Both boiling and refrigeration may adversely impact milk’s sensory and nutritional qualities. Boiling can cause denaturation of whey proteins, reduction
in heat-sensitive vitamins, and flavor changes, while prolonged refrigeration may lead to textural alterations due to enzyme activity by psychrotrophs
(Singh & Singh, 2016).

Table 4: Summary of Limitations and Challenges in Milk Preservation Methods

Limitation Description Impact on Milk Quality References
Heat-Resistant Survive boiling; germinate Spoilage enzymes degrade proteins and Kumar & Malik (2017);
Spores during storage fats Nesbakken (2014)
Post-Boiling Reintroduction of microbes Increased microbial load; potential

Contamination during cooling and handling health risks Sharma et al. (2019)

Refrigeration

Temperature Interruptions or variation in Accelerated microbial growth and Gupta et al. (2017); Wang et al.
Fluctuations cooling effectiveness spoilage (2017)

Nutritional and Protein denaturation, vitamin ~ Reduced consumer acceptance and

Sensory Changes loss, flavor alteration nutritional value Singh & Singh (2016)

Addressing these limitations requires integrated approaches, including improved hygienic practices, rapid cooling methods, reliable cold chain
infrastructure, and consumer education. Innovations such as advanced pasteurization technologies, biopreservatives, and temperature monitoring systems
may also mitigate these challenges and further enhance milk safety.

Conclusion

Boiling and refrigeration are fundamental and complementary methods for controlling microbial contamination and spoilage in milk. Boiling significantly
reduces the initial microbial population by eliminating most vegetative bacteria, thereby enhancing milk safety, especially in areas lacking industrial
pasteurization. Refrigeration subsequently slows microbial growth, extending milk’s shelf life by inhibiting the proliferation of psychrotrophic and
spoilage bacteria. Together, these interventions form an effective barrier against milk spoilage and potential foodborne pathogens.

However, limitations such as the survival of heat-resistant spores, risk of post-boiling contamination, and challenges in maintaining consistent
refrigeration temperatures highlight the need for integrated approaches. To maximize the benefits of these preservation methods, attention must be given
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to hygienic handling practices, rapid cooling, and robust cold chain management. Moreover, understanding the dynamics of spoilage organisms during
storage can inform improved practices and novel technologies.

Future research should focus on developing innovative preservation techniques that complement boiling and refrigeration, minimizing quality loss while
ensuring microbial safety. Consumer education on proper milk handling and storage is also essential to reduce health risks and reduce food waste. Overall,
combining traditional heat treatment with modern cold storage remains a practical and accessible strategy to maintain milk quality and safety worldwide.
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