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Extended shelf-life (ESL) or ultra-pasteurized milk is produced by thermal processing using conditions between

those used for traditional high-temperature, short-time (HTST) pasteurization and those used for ultra-high-

temperature (UHT) sterilization. 

extended shelf-life  ESL milk  psychrotrophic spore-formers  B*-value

β-lactoglobulin denaturation

1. Introduction

Extended shelf-life (ESL) milk has gained substantial market share in many countries . It has a refrigerated shelf-

life of 21–45 days with some manufacturers claiming a shelf-life of up to 90 days. It is produced by two principal

technologies: (1) Thermal processing using more severe conditions than pasteurization but less severe than ultra-

high-temperature (UHT) processing; and (2) Non-thermal processes such as microfiltration  and bactofugation ,

usually combined with a final thermal pasteurization treatment to meet regulatory requirements.

2. Heating Methods

The heating systems used for ESL processing are of two major types, direct and indirect. In direct systems, heating

occurs through direct contact between steam and the product and in indirect systems the heat is transferred to the

product from steam or hot water through a stainless steel barrier in a heat exchanger. These systems are

described in numerous publications, e.g., .

3. Microbiological Considerations

There are two major aspects to be considered when optimizing the conditions for producing ESL milk,

microbiological and sensory. Ideally, ESL milk should not show any microbial growth during refrigerated storage.

However, this is generally not the case because of several factors.

The microbiological issues can be divided into those related to the bactericidal nature of the heating conditions and

those associated with post-processing contamination. The relative importance of these for the shelf-life of ESL milk

depends on whether the milk is packaged aseptically or under very clean, but not aseptic, conditions. The nature of

the heating conditions and storage temperature are the only factors relevant to the microbiology of aseptically
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packaged milk, while post-processing contamination together with the heating and storage conditions is important

for ESL milks not packaged aseptically. Since ESL milk is usually not packaged under aseptic conditions, the

bacteria in such ESL milk include spore-forming bacteria whose spores are not destroyed by the heating process,

as well as spore-forming and non-spore-forming bacteria entering the milk after processing.

A further consideration that can affect ESL milk is the bacteriological quality of the raw milk. Because of the

logarithmic reduction of bacterial counts by heat, the higher the bacterial count in the raw milk, the higher will be

the residual count in the heated milk. Also, if psychrotrophic bacteria such as Pseudomonads are allowed to grow

in the raw milk and produce heat-resistant proteases, bitter flavors can develop in the ESL milk during storage. As

a rule of thumb, the total count in the raw milk should not exceed 10  CFU/mL.

4. Optimizing the Flavor of ESL Milk

As well as the microbiological aspects, the chemical effect of the heat process also needs to be considered. The

main chemical effect of concern is the production of flavor volatiles, which impart a heated or cooked flavor to the

milk. The ideal ESL milk should have a flavor similar to that of pasteurized milk, that is, a very low level of heated or

cooked flavor. Fortunately this is possible, although in practice the heating conditions for this to occur are seldom

optimized.

At this point it is necessary to reiterate an essential difference between the kinetics of bacterial destruction and

those of chemical reactions. Heating at high temperatures for short holding times favors high levels of bacterial

destruction, while heating at lower temperatures for longer holding times result in high levels of chemical change.

This is illustrated in a comparison of UHT processing, which typically occurs at ~140 °C for a few seconds, and in-

container sterilization, which uses temperatures of 110–120 °C for 10–20 min. Both processes have a similar

bactericidal effect but much more chemical change occurs in the in-container sterilized milk, as evidenced by a

brownish color and a distinct cooked flavor. Similarly for ESL processing for a particular bactericidal effect, i.e., the

same  F0  or  B*, combinations of higher temperatures for short times produce less chemical change than

combinations of lower temperatures for longer times. This was illustrated by Rysstad and Kolstad  with a direct

and an indirect process having equal bactericidal effects (i.e., the same B* or F0) (135 °C for 0.5 s and 127 °C for 1

s, respectively); the indirect process causes much more chemical change, as measured by denaturation of β-Lg,

than the direct process (details below).

The chemical effect of a heat process can be assessed in several ways using the kinetics of various chemical

reactions. A commonly used chemical index is  C*, which is based on the kinetics of destruction of the vitamin

thiamine. A C* of 1 is equivalent to a 3% destruction of thiamine and is the recommended upper limit for UHT milk.

Another measure is the percentage denaturation of the whey protein, β-Lg. This is arguably a better measure

than C* for ESL milk as the denaturation is accompanied by the formation of volatile sulfur compounds, which are

largely responsible for the heated or cooked flavor of heat-treated milk.
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Mayer et al.  investigated the levels of undenatured β-Lg in commercial milk samples, including 71 ESL, obtained

from retail outlets in Austria. Only 45% of the ESL milk samples analyzed had β-Lg contents of >1800 mg/L milk, a

proposed limit for ESL milk . (Note: an undenatured β-Lg content of 1800 mg/L represents 45–50% denaturation.)

A further 55% of the analyzed ESL milk samples had low undenatured β-Lg levels, <500 mg/L, equivalent to >85%

denaturation). This spread of data reflects the fact that there are no specified conditions for ESL processing.

Rysstad and Kolstad  reported 13.6% denaturation of β-Lg in Pure-Lac ESL milk processed at 135 °C for 0.5 s.

They compared this with an indirect heating system of equal F0-value with a nominal temperature–time condition of

127 °C for 1 s, which had 83.5% denaturation. Huijs et al.  reported ~20–25% denaturation of β-Lg in milk treated

with Innovative Steam Injection (ISI) heating at 150–180 °C for <0.1 s.

Cooked/sulfurous flavor begins to be noticed in heated milks when denaturation of β-Lg reaches ~60% .

Therefore, appropriate heating conditions should be chosen in order to minimize denaturation of β-Lg and avoid

development of this flavor. Therefore, the recommended level of 1800 mg/L of undenatured β-Lg  (45–50%

denaturation) is reasonable. A percentage denaturation of 50% is proposed here as the upper limit for ESL milk. It

is recognized, however, that only the undenatured level is measured and the level in the raw milk from which the

ESL milk is produced is seldom known. For that reason, a level of 1600–1800 mg/mL is suggested, assuming a

level of β-Lg in raw milk of 3200–3600 mg/mL. An alternative measure is the undenatured whey protein index

(WPNI), which is commonly used to indicate the severity of the pre-heating process in the manufacture of skim milk

powder . ESL milk fits into the medium-heat range and it is proposed that the level in ESL milk should be 3.75–

4.0 mg/g of dry matter. WPNI correlates very well (negatively) with denaturation of β-Lg .

Another chemical measure of heat load is furosine, which is a measure of the first stage of the Maillard reaction

between lactose and protein-bound lysine. Lorenzen et al.  reported the level of furosine in commercial thermally

processed ESL milk in Germany, Austria, and Switzerland to be 11.1–22.6 mg/100 g protein, while Mayer et al. 

analyzed 71 ESL milk in Austria and found that only 45% had furosine levels <40 mg/100 g protein, a

recommended upper limit. According to these authors, “good” ESL milk had a furosine level of 11.6 mg/100 g

protein, while “bad” ESL milk had 71.3 mg/100 g protein. Gallman  reported an average furosine level for ESL

milk of 20 mg/100 g protein but suggested that it should be possible to achieve <12 mg/100 g protein (and >1800

mg/L of undenatured β-Lg).

Lactulose, which is not present in raw milk, is formed from lactose during heating and is arguably the best chemical

index of heat treatment  (pp. 198–200). It has been used for ESL milk, with proposed values for good-quality milk

of <30 mg/L  and <40 mg/L  being suggested. For reference, Pure-Lac milks were reported to have <40 mg/L

 and commercial directly processed UHT milks have levels of ≥90 mg/L  (p. 199).

5. Optimizing ESL Heating Conditions

Unlike the temperature–time conditions for pasteurization, which are specified in most countries to be ≥72 °C for

≥15 s, there are generally no such specified conditions for ESL processing. The reported temperatures for
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producing ESL milk by thermal means alone vary from 90 to 145 °C. However, most ESL milk is processed at 120–

130 °C, for holding times of a few seconds. In the USA, ESL milk, called “ultra-pasteurized milk,” is defined as

being processed at ≥138 °C for ≥2 s. Packaging of ESL milk is commonly under ultra-clean conditions but can be

aseptic .

Reported commercial processing conditions for ESL milk are mostly in the range 123–127 °C for 1–5 s 

. Higher temperatures can also be used. As mentioned, U.S. regulations define the process of “ultra-

pasteurization” as heating milk at ≥138 °C for ≥2 s. A heat treatment of 138 °C for 2 s may seem severe for ESL

milk, but it is still a sub-UHT treatment with calculated F0, B*, and C* of 1.7 min, 0.4, and 0.12, respectively, for a

steam infusion or steam injection system; corresponding UHT indices are ≥3 min, ≥1, and ≤1, respectively. Even

higher temperatures for shorter times, up to 145 °C for <1 s, using the Pure-Lac system  and up to 180 °C for

<0.1 s using the ISI system , have also been advocated. These higher-temperature treatments with very short

holding times are still sub-UHT treatments in terms of their sporicidal effects, i.e.,  B* values are <1. ESL milks

produced at lower temperatures are also marketed. In South Africa, ESL milk is processed at 94–100 °C . This

product is similar to the ESL milks discussed by Manji , involving processing by direct steam heating at 89–100

°C.

Several authors have reported the effects of different ESL temperature–time combinations on the shelf-life of the

product. For example, Ranjith  showed that heating at <117.5 °C for 1 s was insufficient to prevent bacterial

growth in cream during storage at 7 °C. He concluded that temperatures ≥120 °C were required for a shelf-life of

49 days at 7 °C. Blake et al.  found that treatments at ≤132 °C were insufficient to prevent growth during

refrigerated storage but that heating at ≥134 °C for 4 s produced ESL milk with a long shelf-life. In both of these

studies, the ESL milk was packaged aseptically.

Based on the above discussion, it is apparent that the optimum heating conditions for producing ESL milk should

be based on inactivating spores of psychrotrophic bacteria and minimizing cooked flavor. It is proposed that the

former be based on the data of Blake et al. , which showed that treatment at ≥134 °C for 4 s was effective. This

is in line with the conclusion of Bergere and Cerf  that milk processed at ≥134 °C should not contain  B.

cereus spores. A heat treatment 134 °C for 4 s would have a B* of 0.32 (and F0 of 1.33), considerably less than

1.0, the minimum for UHT processing . This is shown in Figure 1 by “ESL line 1,” which joins points with a B* of

0.32 and is to the left of the B* = 1 line. The slope of the line is based on the assumption that the  z-value for

psychrotrophic spore inactivation is the same as for inactivation of thermophilic spores, i.e., ~10. This is a

reasonable assumption given the wide range of  z-values reported for  B. cereus  spores . It is

therefore proposed that the B* for ESL processing should be >0.3.
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Figure 1.  Temperature–time combinations for producing extended shelf life (ESL) and ultra-high-temperature

(UHT) processed milk. Points along lines have equal effectiveness in either inactivating bacterial spores or causing

50% denaturation of β-lactoglobulin.

As proposed in Section 4, the heat input for ESL milk processing should be less than that which would theoretically

cause ~50% denaturation of β-Lg (according to the kinetics reported by Lyster . The temperature–time

conditions to achieve 50% denaturation of β-Lg are shown by the line labeled thus in Figure 1. Hence, points along

the ESL line 1 below the 50% β-Lg denaturation line (the 50% line) represent the best conditions for producing ESL

milk to ensure the destruction of spores of psychrotrophic bacteria and cause minimal flavor change. “ESL line 2”

in Figure 1 shows temperature–time conditions equivalent to 127 for 5 s, which is representative of the conditions

commonly used for ESL milk production, and joins points with a B* of ~0.09. Clearly these conditions lie to the left

of ESL line 1 and would not be expected to inactivate all psychrotrophic spores.

Points in the zone between ESL lines 1 and 2 and below the 50% line represent reasonable conditions for

commercial production of ESL milk; the nearer the conditions are to ESL line 1, the more likely that spores of

psychrotrophic spore-formers will be destroyed. Furthermore, points in this zone below the 50% line will have the
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freshest flavor. Points in the zone between ESL lines 1 and 2 and above the 50% line will have similar bactericidal

effects to those below the 50% line but will have more cooked flavors.

Milk processed at temperature–time conditions in the zones between ESL line 1 and the B* = 1 line and below the

50% line will have the greatest bacterial stability, having B* values between 0.32 and 1 and little cooked flavor. In

effect, such milk could be termed “commercially sterile” ESL milk. A commercially sterile product is defined as one

in which no bacterial growth occurs under the normal conditions of storage; for ESL milk, this is under refrigeration,

preferably at ≤4 °C. While this term is normally applied to UHT milk, it is also applicable to ESL milk processed to

inactivate all spores of psychrotrophic bacteria, and packaged aseptically. Commercial sterility implies that not all

packages of every batch will be devoid of bacteria that could grow and cause spoilage. Brody  suggested a

target defect rate of ~1 in 10,000, the same as for UHT milk  (p. 329).

Commercially sterile ESL milk with an expected long shelf-life has an increased risk of developing bitterness. The

native milk plasmin will not be inactivated under these heating conditions and, although it has low activity at low

temperature, it is not inactive . De Jong  showed that ISI-ESL milk, a commercially sterile ESL milk that had

plasmin activity, did not develop bitterness during storage at 7 °C for up to 28 days. However, bitterness may

develop during longer periods of storage. In addition to plasmin, residual bacterial proteases from growth of

psychrotrophic bacteria in the raw milk before processing will be more likely to cause proteolysis, and hence

bitterness, during long storage times (>30–40 days) than during shorter storage times. For both plasmin and

bacterial proteases, maintenance of low temperature in the cold chain, preferably at ≤4 °C, is crucial. Fluctuations

to higher temperatures will increase the risk of proteolysis and the development of bitterness. Further research is

required to assess the risk of bitterness development in “commercially sterile” ESL milk, with long shelf-life, from

proteolysis by plasmin and bacterial proteases.
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