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Highlight
® Extends milk shelf life to 21-45 days while preserving flavor, color, and nutritional
quality.

® Effectively reduces microbial and spore counts, slowing spoilage.

Abstract

Milk is a nutrient-rich food product but is highly perishable due to microbial contamination.
Although conventional pasteurization effectively inactives pathogenic microorganisms, it has
limitations in shelf life typically not exceeding 10 days and is susceptible to post-processing
contamination. To overcome these limitations, Extended Shelf-Life (ESL) technology has been
developed to significantly prolong milk's refrigerated shelf life while maintaining its fresh-like quality.
This article compares conventional pasteurized milk with ESL-treated milk based on research
published between 2010 to 2025, encompassing multiple aspects such as microbiological quality,
shelf life, sensory attributes, nutritional value, production costs, and consumer acceptance. The
findings reveal that ESL technology effectively reduces initial microbial load, enabling milk to be
stored under refrigeration for 21-45 days without significant deterioration in taste or nutrition.
Moreover, consumer studies indicate high satisfaction and growing acceptance of ESL milk products.

Nevertheless, the primary challege associated with ESL technology is ensuring stringent hysgienic and
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aseptic during packaging to prevent recontamination. Accordingly, this review highlishts ESL
technology as a straegie option for industrial dairy products to improve competitiveness, optimize
cost efficiency, and effectively respond to the evolving expectations of contemporary consumers,.
who increasingly value both convenience and product quality, Extended Shelf-Life (ESL) milk offers
a longer storage duration compared to conventional pasteurized milk. This extended refrigeration
period maintains sensory quality and safety, thereby reducing purchase frequency. Such

characteristics are well aligned with the fast-paced lifestyles of urban consumers.

Keywords: ESL technology, Milk microbiology, Milk quality, Pasteurized milk, Shelf life
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Table 1 Comparison of three ESL milk processing methods

Method

Main principle

Effect on quality / shelf life

Microfiltration (MF)

* Physical removal of
bacteria/spores from milk using
membrane filters (typically 1.4-1.6
Km pore size) before

pasteurizationm'lé)

» Reduces microbial load by 5-6 log cycles,

improving microbiological quality(m

« Extends shelf life to ~20-30 days at 4°C
with minimal effect on flavor and

nutrients >

Bactofugation (BF)

« High-speed centrifugation to
separate and remove bacterial
spores and sediment from raw milk

before heat treatment'®

» Removes ~95-99% of spores, reducing
spoilage risk®*”

« Shelf life can reach 15-25 days; minimal
impact on sensory quality but less effective

on very small bacteria than MF??

High-Heat Short-Time
(HHST)

« Intensive heat treatment slightly

below UHT level to inactivate

most vegetative cells and spores(zm

« Shelf life extended to ~30-45 days at
goC(2021)

» May cause slight cooked/caramel flavor
and minor vitamin loss; most nutrients and

proteins remain stable®”
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Table 2 Comparison of conventional and ESL (HTST) pasteurized milk quality

Factor

Conventional pasteurized milk

ESL milk

1. Microbiological quality

« Eliminates pathogenic
microorganisms but may retain a
small number of heat-resistant
non-pathogens (e.g., spores,
thermoduric bacteria), usually 10—

102 CFU/g, depending on raw milk

« Strong microbial reduction,
often to < detection limit, using
microfiltration (5-6 log cycle
reduction) or HTST with aseptic
filling®”

« Final bacterial count at end of

shelf life varies widely: <1 to 10"~

o -
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Factor

Conventional pasteurized milk

ESL milk

quality and pasteurization
intensity(m

« Under refrigeration,
psychrotolerant Gram-negative
bacteria or Gram-positive spores
can slowly grow, limiting shelf
life'*”

« Post-pasteurization
contamination during
filling/transport is a major
spoilage cause; coliforms or
Pseudomonas spp. are often
detected in improperly stored
milk®’

« Maintains safety within
recommended shelf life, but
quality deteriorates rapidly
beyond that if the cold chain is
broken

« Spoilage signs include sour odor,
curdling due to acids/enzymes

from spores or contaminants

10° CFU/g; 8-15% of products
may spoil before expiry%)

« Spoilage mainly from
psychrotolerant, spore-forming
Gram-positive bacteria such as

Bacillus cereus and Paenibacillus

(24)

spp.
« Strict hygiene and aseptic filling
essential to maintain quality

» Manufacturers often state 21-28
days to ensure safety « Flavor
may be less fresh toward the end
of shelf life; consistent storage at
4°C is critical to prevent rapid

quality loss®”

2. Shelf life at 2-6°C

« Typically 7-10 days under
refrigeration; Thai FDA sets
maximum at 10 days@’?)

« High-quality raw milk under
strict pasteurization may last up
to 14 days, but flavor declines

after 7 days

* Generally 21-30 days under
refrigeration; can extend to 45-90
days internationally with optimal

processing and strict cold chain™?

3. Color, odor and taste

 Mild heat preserves natural
white color and fresh flavor close

to raw milk

» Designed to match flavor of
pasteurized milk by avoiding high-

heat defects®”

-
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Factor

Conventional pasteurized milk

ESL milk

« Slight cooked flavor may be
present but minimal; consumers
generally prefer its taste over
UHT milk

« If stored several days, even
before expiry, aroma/taste may
change slightly (mild rancid or
sour notes) due to

enzymatic/microbial activity

« Sensory tests: experts rate
pasteurized slightly higher, but
average consumers rarely notice
differences®”

» Some high-temp ESL processes
can cause mild cooked/caramel
notes; minimized by short heating
times or vacuum-based heating

systems(zg)

4. Nutritional value

+ Minor loss (0-5%) of heat-
sensitive vitamins B and C%”

* Proteins and amino acids largely
preserved, with only sligsht whey
protein denaturation

« Lactose, minerals, and fat
remain unchanged

« Retains nearly full nutritional
value of raw milk and is superior
to UHT/sterilized milk, which may
lose up to 20% of certain

vitamins

« Slightly higher vitamin losses (5-
10%) due to higher temperatures
or additional treatments, but still
negligible in nutritional impactm)

« Vitamins C and B2 may gradually
degrade during storage due to
oxidation

« Protein, fat, lactose, and mineral
content similar to pasteurized
milk; slight beta-lactoglobulin
denaturation may improve

14,27)

digestibility'

5. Production cost

« Standardized process with
moderate equipment and energy
needs

« Short shelf life increases need
for frequent cold-chain delivery
and raises spoilage risk if unsold
stock remains

« Total unit cost depends on
efficient logistics and sales

turnover

» Requires investment in
advanced systems: microfiltration,
rapid heating/cooling, aseptic
packaging, and stricter Qc'?

« Initially higher costs; decline
with wider adoption and higher
volumes

« Longer shelf life reduces
delivery frequency and spoilage,
offsetting higher processing costs

over the distribution cycle

-
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Factor

Conventional pasteurized milk

ESL milk

6. Consumer acceptance

« Highly accepted for its fresh
taste and natural quality

» Main drawback: short shelf life
requiring frequent purchases

« Still widely preferred by
consumers despite storage

inconvenience

« Nearly identical taste and
nutrition to pasteurized milk®”

« Appreciated for longer shelf life
and reduced purchase
frequency(zg)

» Some consumer confusion

between ESL and pasteurized

milk due to similar packaging;

2-7,30)

clear labeling recommended'
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OPERATING EXPENDITURES
COMPARISON: ESL VS HTST
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