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Thirty milk samples [high-temperature short-time (HTST) milk, extended shelf life (ESL) milk (directly
heated, indirectly heated, microfiltered), ultra-high temperature milk] from 17 German dairies were anal-
ysed. Total viable counts of directly or indirectly heated ESL milk were significantly lower than those in
microfiltered ESL and HTST milk. Evaluation of indigenous enzyme activity revealed sufficient heat treat-
ments in all milk samples. The manufacturing processes were differentiated by estimating furosine and
acid soluble whey proteins. Sensory examinations revealed a preference for HTST heated and microfil-
tered ESL milk. However, a significant discrimination of drinking milk types was not possible. Vitamin
losses were not detected, and concentrations of vitamins in different types of milk were comparable.

Keywords Drinking milk, Microbiological status, Head load evaluation, Sensory quality, Vitamin status.

INTRODUCTION

Extended shelf life (ESL) milk has a shelf life of
about 3 weeks under chill chain conditions and
fills the gap between high-temperature short-time
(HTST)-heated milk, which typically is assigned a
shelf life of 10 days and ultra-high temperature
(UHT)-heated milk, which can be stored for a few
months without cooling (Hoffmann ez al. 2006). In
Germany, ESL milk has a market share of 20—
25%. For comparison, UHT milk has a share of
approximately 70%, and HTST milk has a market
share of 5-10% (BLE 2008). The term ESL milk
as well as the manufacturing process is not legally
defined in the European Union. A thermal treat-
ment or combination of heat treatment and mem-
brane filtration are involved in the production of
ESL milk. The thermal process requires direct or
indirect heating at 123—127°C with a holding time
of 1-5 s. Traditional HTST pasteurisation is car-
ried out at 72-75°C for 15-30 s, and UHT milk is
heated at a minimum of 135°C for a few seconds
(sterilisation value F = 3 min) (Schwermann and
Schwenzow 2008a,b; Kaufmann et al. 2009). The
combined treatment process for ESL milk includes
microfiltration of skim milk through ceramic

Vol 64, No 2 May 2011 International Journal of Dairy Technology

membranes with an average pore diameter of 0.8—
1.4 um. As a result, a spore reduction of 3-5 log;q
steps is achieved and most other forms of micro-
organisms are also separated. The so enriched
retentate and a specific amount of cream are heated
at 123-127°C, homogenised, and mixed with the
HTST heated skim milk permeate (Hoffmann et al.
2006; Schwermann and Schwenzow 2008c; Henke
2009).

Microbial spoilage of heat treated drinking
milk is caused by heat-resistant or recontaminat-
ing micro-organisms. The former group is repre-
sented by spore forming micro-organisms,
mainly Bacillus spp. and Enterococci. The latter
group consists of Gram-positive nonspore form-
ing bacteria and Gram-negative bacteria. These
organisms gain significance if they are psychro-
philic or psychrotrophic and able to multiply at
refrigeration temperatures (Blake efal 1995;
Mayr et al. 2004; Kress et al. 2005; Kaufmann
and Kulozik 2008).

Several parameters are suited for the evaluation
of milk heating processes. Alkaline phosphatase
(ALP, EC 3.1.3.1) is an appropriate indicator for
the evaluation of pasteurisation or the addition of
raw milk to pasteurised milk or milk products
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(Schlimme et al. 1998; Shakeel-Ur-Rehman et al.
2003; Harding and Garry 2005; Commission Reg-
ulation No 1664/2006 (EC, 2006). Lactoperoxi-
dase (LPO, EC 1.11.1.7) is one of the most heat
stable enzymes in bovine milk (Seifu et al. 2005).
In addition, lipase (LIP, EC 3.1.1.3), a milk
enzyme that is less stable than ALP and LPO, is
used as an indicator for heat treatments (Martin
et al. 2005).

The determination of the acid soluble whey pro-
teins, including lactoferrin, serum albumin and
immunoglobulin, has been recommended for the
evaluation of heat treatments such as HTST heat-
ing (Mayer et al. 2009). In HTST-heated milk the
degree of denaturation of the whey proteins o-lact-
albumin and B-lactoglobulin is typically 10-20%,
whereas immunoglobulins are approximately 50%
denatured (Schlimme et al. 1996; Clawin-Rédec-
ker et al. 2000). The determination of furosine can
be used to evaluate the extent of the Maillard reac-
tion in a wide range of milk processing conditions
and allows a direct quantification of heat damage
to food protein (Clawin-Rédecker et al. 1996;
Pellegrino et al. 1996).

Kaufmann et al. (2009) found that ESL milk fre-
quently possesses a cooked flavour, but is less pro-
nounced than in UHT milk. Kaufmann and
Kulozik (2007) noted that microfiltered ESL milk
shows a foreign flavour at the end of minimum
shelf life. This may be due to insufficient inactiva-
tion of indigenous milk enzymes and enzymes of
microbial origin. Blake efal (1995) noticed
increasing cooked flavours and other off flavours
with increasing heat input in ESL milk produced
by direct steam injection. In addition, light-induced
changes in the taste of microfiltered ESL milk dur-
ing storage have been reported (Rysstad and Kols-
tad 2006; Kaufmann and Kulozik 2007). However,
studies by our group have revealed that the sensory
properties of ESL milk produced by microfiltration
were comparable with those of HTST-heated milk
over the entire length of storage (Hoffmann ef al.
20006).

The nutritional quality of ESL milk is frequently
questioned, independent of the manufacturing pro-
cess. Although neither the analyses of individual
ESL milk samples nor the results of systematic
investigations of ultra-high-heated (UHT) milk jus-
tify this assumption, it is alleged that heating
causes significant and relevant mineral (calcium)
and vitamin losses in ESL milk. Health risks
(digestive leukocytosis) following ESL milk con-
sumption have also been suspected (Gallmann
et al. 2001).
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The aim of the present work was to evaluate and
compare the microbiological status, composition,
denaturation and inactivation of milk ingredients
such as whey proteins, vitamins, and indigenous
enzymes, formation of Maillard and lipolysis prod-
ucts and the assessment of the sensory properties
of drinking milk types present on the German mar-
ket in relation to the shelf life.

MATERIALS AND METHODS

Drinking milk samples

Thirty whole milk samples (at least five packs per
lot) from 17 German dairies were taken directly
from the respective production line and sent imme-
diately to the Max Rubner-Institut. The cold chain
conditions (max. 8°C) were maintained during
transportation of the samples from the factory to
the Institute. For chemical and sensory analysis,
the samples were stored at 4-6°C. For microbio-
logical testing the samples were stored at 8°C until
the end of shelf life as declared by the producer.
The sample material consisted of 16 different ESL
milk products that were directly heated (n = 8),
indirectly heated (n = 2) or microfiltered and heat
treated (n = 6). For comparison, HTST heated
(n=06) and UHT heated (n = 8) drinking milk
samples were also examined. One lot of the HTST
milk was not used for microbiological testing
because all packs were leaky.

Analysis of main ingredients

The amount of fat, protein and dry matter was
determined by infrared measurement (MilkoScan
50; Foss, Rellingen, Germany). The MilkoScan
was calibrated by standardised milk, delivered by
the central milk laboratory of Schleswig-Holstein,
Kiel, Germany. All measurements were performed
in triplicate with maximum deviations of 0.01%.

Characterisation of the microbes in milk
samples

All samples were stored unopened at 8°C until the
end of declared shelf life. This means that ESL
milk samples were stored for 17-26 days, HTST
milk samples for 7-10 days. UHT milk was not
tested. For microbiological testing five packs of
each lot of milk were used. Total viable count
(TVC) at 30°C and 6.5°C were determined by
application of ISO 4833:2003, a pour plate method
utilising plate-count skim milk agar. Enumeration
of presumptive Enterobacteriaceae at 30°C was
performed according to ISO/DIS 21528-2, a pour
plate method utilising violet red bile dextrose agar

167



168

Vol 64, No 2 May 2011

(VRBD). Enumeration of presumptive Enterococci
at 37°C was achieved by application of method M
7.8.2 of the Official Collection of Test Methods of
the German State Agricultural Test and Research
Institute (LUFA), a surface spatula method utilising
kanamycin-esculin-azide agar. Enumeration of
aerobic sporeformers was conducted at 37°C by
spreading 0.1 mL of the sample or appropriate
dilutions on the surface of blood agar. Counting
was performed by experienced staff. Qualitative
detection of Listeria spp. in 25 mL was performed
according to ISO 11290-1:2005. Bacterial numbers
are presented in colony-forming units per mL
(cfu/mL).

Determination of indigenous enzyme activities
The activity of ALP (EC 3.1.3.1) was determined
with the Fluorophos method (Advanced Instru-
ments, Norwood, MA, USA) according to DIN EN
ISO 11816 — 1:2006. The activities of LIP (EC
3.1.1.3) and LPO (EC 1.11.1.7) were measured
with reflectometric test kits (Reflectoquant®;
Merck, Darmstadt, Germany) (Martin et al. 2005).
Each sample was determined in duplicate.

Evaluation of the furosine content

Furosine was analysed after acid hydrolysis by ion-
pair reversed-phase liquid chromatography accord-
ing to IDF 193 (Clawin-Rédecker and Schlimme
1998; Clawin-Rédecker et al. 2000). Milk samples
were analysed in duplicate. The repeatability was
0.5 mg/100 g of protein for HTST milk or less
than 10% of the arithmetic mean of the results.

Determination of denatured whey protein

A reversed-phase high-performance liquid chroma-
tography (RP-HPLC) method was used for the
determination of acid soluble whey proteins
according to DIN EN ISO 10473. To determinate
the repeatability one sample was measured in quin-
tuplicate. The coefficient of variation was between
0.5% and 4.5% for individual whey proteins (Cla-
win-Ridecker et al. 2000; DIN EN ISO 10473;
Resmini et al. 1989). Therefore, the analysis of the
other milk samples was performed only once.

Characterisation of titratable acidity (TA)

The TA of milk samples was determined in dupli-
cate in accordance with L01.00-7:2002-05 (BVL
2002) and is presented in SH units. This method
implies a repeatability of 0.2 SH. Fresh samples
were analysed shortly after receipt. Moreover,
microfiltered ESL milk samples were analysed
repeatedly after 8—16 days, just at their best-before
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date, using a sealed milk carton stored at 4°C (sam-
ple age between 18 and 24 days).

Assessment of the sensory properties

Sensory studies (quantitative descriptive analysis)
were carried out according to DIN 10967. A panel
of 10 assessors was trained for sensory evaluation
of drinking milk. One half of the panel were asses-
sors with experience in descriptive sensory analysis
of dairy products and the other half were volun-
teers. The attributes used for quantitative descrip-
tive analysis were taken from ISO 22935-2 — IDF
99-2 and Lee et al. (2003). An appropriate selec-
tion of key attributes was developed by preliminary
tests on commercial drinking milk samples pur-
chased from German food markets. In each case,
five odour and taste descriptors (sweet, milky,
cooked, foreign odour/taste, total intensity) were
used. One session per day with a maximum of
three samples was conducted. ESL milk and HTST
milk was examined at the end of the minimum
shelf life. UHT milk was evaluated after a storage
period of 2 weeks. All samples were stored at
4-6°C. Samples of 20 mL each were examined at
20°C and rated according to a structured scale from
0 (not present) to 5 (very strong). The data were
collected and evaluated using FIZZ version 2.40
(Biosystemes, Couternon, France). The statistics
for box plots were calculated in Excel using the
quintile function.

Estimation of the vitamin status

The contents of fat- and water-soluble vitamins
were determined by HPLC immediately after sam-
ple arrival, at the end of shelf life and halfway
between arrival and the end of shelf life. To evalu-
ate the storage stability of vitamins in drinking
milk, samples were stored at 4-6°C until the end
of shelf life and at 20°C once the end of the shelf
life was reached. After opening the packs, the sam-
ples were kept in the dark under nitrogen and an
antioxidant was added to some samples.

Sample preparation

After denaturation of lipoproteins, alkaline
(NaOH) saponification and extraction with n-hex-
ane:toluene 1:1 (Farah et al. 1992), fat-soluble
vitamin content of the sample (retinol, a-tocoph-
erol) was determined. Extraction of water-soluble
vitamins was carried out according to Albala-Hur-
tado et al. (1997), whereby trichloroacetic acid
was used to hydrolyse potential vitamin—protein
and vitamin—phosphate complexes. All water-solu-
ble vitamins were analysed according to Heudi
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et al. (2005). In addition, recovery tests were con-
ducted by spiking milk samples with vitamins
before saponification. All handling was conduced
in a darkened room and samples were kept in
brown glass containers.

HPLC separation of fat- and water-soluble vita-
mins

The analytical HPLC system consisted of an Elite
LaChrom chromatograph (VWR-Hitachi, Darm-
stadt, Germany) equipped with a diode array
(DAD L-2455) and an L-2458 fluorescence detec-
tor (VWR Darmstadt, Germany). A Reprosil-pur
120 C18 AQ (3 pum, 125 x 4.6 mm) column
(Trentec, Gerlingen, Germany) equipped with a
guard column (10—4.6 mm) was used for the deter-
mination of fat-soluble vitamins. Water-soluble
vitamins were analysed using Chromolith® Perfor-
mance RP-18 columns (endcapped,
100 x 4.6 mm; Merck, Darmstadt, Germany).
HPLC conditions for the determination of fat- and
water-soluble vitamins are summarised in Table 1.

Statistical analysis

Vitamin concentrations are presented as medians,
with box plots representing the 25th and 75th per-
centile and whiskers denoting the 5th and 95th per-
centile. Time courses of vitamin concentration
during shelf life are presented as the mean + SD.
Effects of the manufacturing process (heat treat-
ment) and the duration of storage were statistically
analysed by two-factorial (repeated measurement)
ANOVA. Kruskal-Wallis tests were performed to
separately analyse the effects of manufacturing
process (heat treatment) and the duration of storage
for each sampling day (beginning, middle and end
of shelf life).

RESULTS AND DISCUSSION

Analysis of main ingredients

Fat, protein and dry matter content of 29 whole
milk samples are summarised in Table 2. Unfortu-
nately, one HTST milk sample was fat-reduced and
contained only 1.6% fat. Therefore, this sample

Table 1 HPLC conditions for the determination of fat- and water-soluble vitamins in milk

Reproducibilit”

Vitamin Detection (nm) RT (min) CV, (%)
Fat-soluble vitamins
Injection volume 20 pL; flow: 1.0 mL/min
Mobile phase: 2.5% i-propanol in n-hexane
Retinol FL (330/408 EX/EM) 4.40 4.45
a-tocopherol FL (295/330 EX/EM) 4.70 4.05
Water-soluble vitamins
Injection volume 50 pL; flow 0.8 mL/min
ACN:TFA—g‘radientb 570:100; 76" 25:75; 8’ 7440:60; 1" = 40:60; 1’ N0:100; 4" = 0:100%
Vitamin B1 UV 282; 0-10 min FL 2.39 3.1

(2907410 EX/EM)

20-25 min FL

(400/520 EX/EM)
Vitamin B2 UV 282; 0-10 min FL 13.61 3.8

(2907410 EX/EM)

20-25 min FL

(400/520 EX/EM)
Vitamin B5 UV 210 10.99 2.6
Vitamin B6 UV 282 4.01 6.2
Vitamin B8 UV 210 13.69 1.2
Vitamin B9 UV 282 12.76 5.3
Vitamin B12 UV 210 + 360 13.26 -
Niacin UV 282 3.09 2.5
Vitamin C UV 282 1.93 2.1

EM, emission; EX, extinction; FL, fluorescence detection; HPLC, high-performance liquid chromatography; UV, ultraviolet

detection.
#According to Heudi et al. (2005).
0% Acetonitril:%Trifluoracetic acid (0.025%), pH 2.6.

© 2011 Society of Dairy Technology
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Table 2 Composition of drinking milk samples

Heating process Samples (n) Fat (%) Protein (%) Dry matter (%)
HTST heated Sum (n = 95)
Min-max (n = 4) 3.45-3.54 3.25-3.38 12.43-12.55
Mean + SD (n = 4) 3.50 £ 0.04 3.32 £0.05 12.48 + 0.05
Outlying (n = 1) 4.17 3.11 12.70
ESL, microfiltered Sum (n = 6)
Min-max (n = 5) 3.50-3.56 3.24-3.41 12.30-12.56
Mean + SD (n = 5) 3.52 £ 0.03 3.34 +£ 0.07 12.48 +0.11
Outlyling (n = 1) 4.24 3.13 12.86
ESL, directly heated Sum (n = 8)
Min-max (n = 8) 3.49-3.90 3.28-3.49 12.28-13.15
Mean + SD (n = 8) 3.65 +0.16 3.38 £ 0.07 12.70 = 0.28
ESL, indirectly heated Sum (n = 2)
Min—-max (n = 2) 3.56 3.37-3.48 12.57-12.73
Mean + SD (n = 2) 3.56 3.43 +0.08 12.65 + 0.11
UHT heating Sum (n = 8)
Min-max (n = 8) 3.50-3.62 3.22-3.47 12.36-12.76
Mean + SD (n = 8) 3.57 £ 0.05 3.37 £ 0.08 12.57 £0.12

ESL, extended shelf life; HTST, high-temperature short-time; UHT, ultra-high temperature.

was not considered for inclusion in Table 2. On
average, 25 of the samples had 3.55% fat (3.45—
3.65%), 3.36% protein (3.22-3.48%) and 12.55%
dry matter (12.28-12.76%). Two samples con-
tained more than 4% fat and are listed separately.
The wide range of fat and dry matter content of
directly heated milk was attributed to two samples.
These samples showed a high fat content (3.80%
and 3.90%), as well as a high protein and dry mat-
ter content (13.15% and 13.03%). Obviously, less
water was added to these samples during steam
injection or infusion than was removed during
subsequent vacuum cooling.

Microbiological status of drinking milk types

Microbiological testing was applied to gain an
overview of the microbiological status of the differ-
ent milk types at the end of shelf life, which can be
seen as a worst case scenario at the latest moment
of consumption. For this purpose the milk was
stored at 8°C as declared by the producers whereas
at the retail level temperatures are usually much
lower (2—6°C). TVC of directly heated ESL milk
did not show growth at 30°C or 6.5°C in six out of
eight milk samples. Growth occurred in all samples
(n = 6) of microfiltered ESL milk but did not occur
in all of the respective cartons. Additionally,
growth was observed in all samples (n = 5) and
packs of HTST-heated milk. Two lots of HTST-
heated milk (all five packs) and three packs of
directly heated ESL milk showed growth indicative
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of spoilage. However, sample deterioration was not
detected by visual and olfactory inspection. TVC
ranges are displayed in Table 3. The colony counts
detected in directly heated ESL milk are consistent
with those reported by Blake et al. (1995) and
Mayr et al. (2004). Analysis of variance showed
that the TVC in directly heated ESL milk were
significantly lower than in HTST-heated milk
(P <0.01). However, HTST-heated milk and
microfiltered ESL milk did not show significant
differences in TVC. Due to the low numbers of
samples, these results should not be overestimated.
A determination of growth curves was not aim of
this study. Neither Enterococci, Enterobacteriaceae
nor Listeria spp. were found in milk samples.
Bacilli, aerobic spore-formers, were detected in
all five samples of HTST-heated milk tested. All
five packs of four samples and four packs of the
remaining samples showed growth. Ranges of col-
ony counts are presented in Table 4. Bacilli were
not detected in any type of ESL milk. In principle,
spores of bacilli are able to survive HTST treat-
ment and direct and indirect heat treatment of ESL
milk. For example, D-values of 0.24 min at 129°C
have been reported for Bacillus cereus (ICMSF
1996). Indeed, bacilli were detected in most packs
of the HTST-heated milk samples, but were not
observed in ESL milk. This can not be explained
as no growth curves were determined. It can only
be speculated that in the ESL milk samples psy-
chrotrophic bacilli were not present in the
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Table 3 Total viable count at 30°C and 6°C in HTST pasteurised milk and ESL milk (positive packs only, five packs per

milk sample were examined)

Range of colony counts (cfu/mL)

Heating process 30°C 6.5°C Packs (n)
HTST heated 2.1 x 10*-8.4 x 10* 3.6 x 10*-9.5 x 10* 5
1.6 x 10°-3.1 x 10° 2.1 x10°2.4 x 10° 5
2.1 x 10°>-3.8 x 10° 2.4 % 10%-2.0 x 10° 5
2.0 x 10°-1.4 x 10° 1.0 X 10°-1.3 x 10° 5
6.4 x 10°-1.5 x 10° 7.7 x 10°—>1 x 10° 5
ESL, directly heated 7.6 x 10° 42 % 10° 1
<10 1.5 x 10'-6.5 x 10 5
1.5 x 10°-1.0 x 10° >107 2
ESL, microfiltered 3.0 x 10'-3.8 x 10? <10 2
1.0 x 10? <10 1
5% 10°-8.0 x 10" <10 5
1.0 x 10'-3.0 x 10" <10 3
5 % 10°-7.0 x 10? <10 2
2.0 x 10'-2.4 x 10° <10 5

ESL, extended shelf life; HTST, high-temperature short-time.

Table 4 Colony counts of Bacillus spp. in HTST-heated
milk (positive packs only, five packs per milk sample
were examined)

Range of colony counts

Heating process  (cfu/mL) Packs (n)
HTST heated 3.0-1.8 x 10 5

8.0 x 10'-2.4 x 10° 5

1.1 x 10'-1.0 x 10° 5

14 %1022 x 10° 4

13 x 10°-5.8 x 10* 5

HTST, high-temperature short-time.

contaminating flora or were overgrown by other
contaminants. Possibly it is not a result of process-
ing technology as Kress ef al. (2005) have shown
that bacilli may survive a direct or indirect heat
treatment.

Activity of indigenous milk enzymes

The determination of ALP activity is often used for
the evaluation of treatment efficiency for HTST
heated and microfiltered ESL milk. The results of
ALP activity tests (Table 5) show that all HTST
and microfiltered ESL samples had received an
adequate heat treatment, i.e. in the referred sam-
ples, the activities measured are far below the
threshold value of 350 mU/L for pasteurised milk.
Generally, ALP activities of 0.02-0.07 U/L are
found in HTST-heated milk (Lorenzen et al.
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2010). LPO is appropriate for assessing the heating
efficiency in directly and indirectly heated ESL
milk. The results in Table 5 proved that a sufficient
heat load was applied. The indigenous milk
enzyme LIP is relatively thermolabile compared
with ALP and LPO. In previous heating experi-
ments (Martin et al. 2005) with bulk raw milk
(LIP activity: 236 U/L), at 70°C/9.5s, a LIP
activity of 16 U/L was observed, corresponding to
approximately 8% residual activity. However, at
75°C/9.5 s no quantifiable activity could be deter-
mined. The present examination shows that LIP
activities were below the measurement limit of
<6 U/L, irrespective of the manufacturing process
applied. Literature data (Kaufmann et al. 2009)
reveals that microfiltered ESL milk at the end of
shelf life contains higher LIP activities (residual
activity: 64 + 4%) than directly or indirectly
heated ESL milk (40 + 3%); however, this could
not be confirmed by the present investigation.
Higher LIP activities in microfiltered ESL milk are
not surprising considering the fact that LIP occurs
predominantly in cream which is subjected to
high-temperature heating during the manufacturing
of ESL milk. Typically, total bacterial counts in
raw milk are low, thus low LIP activities of micro-
bial origin are to be expected. In addition, LPO
activities in microfiltered ESL milk are similar to
those in HTST-heated milk (Table 5). These mea-
sured LPO data confirms the studies of Kaufmann
et al. (2009).
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The eight UHT-heated milk samples were stored
at 6°C and 20°C until the end of shelf life expiry
date. Table 6 shows ALP activities after a storage
period of 2 weeks and at the end of shelf life ex-
piry date. At a storage temperature of 6°C, only
negligible changes in activity were found, how-
ever, at a storage temperature of 20°C a significant
increase in ALP activity was detected at the end of
shelf life expiry date. LPO reactivation could not
be determined in UHT milk until the end of shelf
life. The detected enzyme activities were below the
measurement level of <5 U/L.

Contents of acid-soluble whey proteins and
furosine
High-temperature short-time heated milk samples
(Table 7) showed significantly lower contents of
lactoferrin, serum albumin and immunoglobulin
(approximately 50% on average) in comparison
with raw milk data (Clawin-Rédecker et al. 2000).
The average content of the main whey proteins
a-lactalbumin and B-lactoglobulin did not differ sig-
nificantly from raw milk data. A few milk samples
showed lower levels of B-lactoglobulin and immu-
noglobulin, indicating a higher heat load during
HTST heating. However, the evaluation of the heat
load is difficult due to a possible wide variations
range of the individual whey proteins in raw milk.
Depending on the manufacturing process, ESL
milk samples showed different levels of acid solu-
ble whey proteins. After direct or indirect heating,
the acid soluble content of lactoferrin and immuno-
globulin is below the detection limit of 0.2 and
0.5 mg/100 mL. In general the acid soluble con-
tent of P-lactoglobulin and serum albumin of
directly heated ESL milk was approximately 50%
and 40%, respectively, of the mean value of HTST-
heated milk samples. The most heat-resistant whey
protein o-lactalbumin was mostly native after treat-
ment (about 90%). Due to the differences in heat-
ing processes applied to the samples, great
variation in the amount of acid soluble a-lactalbu-
min and B-lactoglobulin was observed. Indirectly
heated ESL milk samples showed the lowest whey
protein concentrations and were similar to UHT
milk treated with low heat input. The amount of
acid soluble whey protein in microfiltered ESL
milk samples were not significantly different com-
pared with the results of HTST-heated milk. Lacto-
ferrin and immunoglobulin were not significantly
affected by high heating of cream and UF-reten-
tate. According to the results regarding the denatur-
ation of whey proteins, microfiltered ESL milk is
more similar to traditional HTST-heated milk,
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Table 5 Activities of alkaline phosphatase, lactoperoxi-
dase and lipase in drinking milk (U/L), expressed as
mean values of duplicate determination

Heating process ALP LPO LIP
HTST heated <0.01 300 <6
0.06 1420 <6
0.09 1250 <6
0.03 1060 <6
0.03 2100 <6
0.05 950 <6
ESL, microfiltered <0.01 500 <6
0.03 1480 <6
<0.01 570 <6
0.03 1690 <6
0.02 130 <6
<0.01 83 <6
ESL, directly heated 0.05 <5 <6
0.06 <5 <6
0.10 <5 <6
0.11 <5 <6
0.40 <5 <6
<0.01 <5 <6
0.04 <5 <6
0.04 <5 <6
ESL, indirectly heated 0.06 <5 <6
0.04 <5 <6
UHT heated 0.40 <5 <6
0.02 <5 <6
0.06 <5 <6
0.12 <5 <6
0.50 <5 <6
<0.01 <5 <6
0.20 <5 <6
<0.01 <5 <6

ALP, alkaline phosphatase; ESL, extended shelf life;
HTST, high-temperature short-time; LIP, lipase; LPO,
lactoperoxidase; UHT, ultra-high temperature.

while directly and indirectly high heated ESL milk
should be classified between HTST milk and UHT
milk.

Relating the acid soluble B-lactoglobulin content
to the whole protein content of milk may eliminate
seasonal and regional variations of protein compo-
sition (Table 7). A minimum of 10% acid-soluble
B-lactoglobulin has been recommended for HTST-
heated milk, which is traditionally LPO positive
(Mayer et al. 2009). The present study reveals that
HTST-heated milk samples and microfiltered ESL
milk samples contained more than 10% acid solu-
ble B-lactoglobulin. This result confirms the studies
of Pellegrino et al. (1996) and Villamiel ef al
(1999).
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Table 6 Alkaline phosphatase activity (U/L) in
ultra-high temperature milk after a storage of 14 days

and at the end of shelf life, expressed as mean values of

duplicate determination

Storage ALP after ALP at the
temperature 14 days end of shelf life
6°C 370.3 370.3
20°C n.d. 591.0
6°C 370.3 381.8
20°C n.d. 599.5
6°C 243 322
20°C n.d. 462.9
6°C 62.1 69.4
20°C n.d. 293.1
6°C 116.1 107.6
20°C n.d. 310.5
6°C 502.2 517.6
20°C n.d. 1154.1
6°C <10 <10
20°C n.d. 95.7
6°C 22.5 25.3
20°C n.d. 3213
6°C <10 <10
20°C n.d. 376.1

ALP, alkaline phosphatase; n.d., not determined.

The furosine content of HTST-heated milk sam-
ples (Figure 1) was 5.5-7.2 mg/100 g of protein
and did not exceed the limit of 8.5 mg/100 g
(Schlimme ef al. 1996, Clawin-Rédecker et al.
2006). Directly and indirectly heated ESL milk
samples showed significantly higher amounts of
furosine, ranging from 11.1 to 22.6 mg/100 g
of protein. Furosine concentrations above
20 mg/100 g of protein indicate a higher head load

Table 7 Acid soluble whey protein content of drinking milk samples

v
2001 | e HTST pasteurised
° A ESL, microfiltered v
> ] m ESL, directly heated
2 150 o vy
o A ESL, indirectly heated vy v
Q v UHT heated
& 100+
S
: v
jo2}
£ 30
© 251 )
c 20 mg/100 g protein N
g 2 o a
Z 15+ N LI N ™
104 Aa aa, . 8 mg/100 g protein
5 $%¢e, 0
0 T T T T T T T
0 5 10 15 20 25 30 35
Sample

Figure 1 Furosine content of extended shelf life (ESL) milk
in relation to high-temperature short-time (HTST) and ultra-
high temperature (UHT) milk.

typical of an indirect heating process. Nevertheless,
the furosine level of ESL milk is much lower than
the level observed in UHT milk samples, where
the mean was 145.7 mg/100 g of protein. The
furosine content of microfiltered ESL milk was in
between the value of HTST heated and directly
heated ESL milk (8.2-12.7 mg/100 g protein).
The furosine content of microfiltered ESL milk
was dependent on furosine formation in high-
heated cream and UF-retentate. Microfiltered ESL
milk exceeded the amount of furosine in HTST-
heated milk with one exception (8.2 mg/100 g
protein). Microfiltered ESL milk, produced by our
group, showed no increased furosine levels. This
milk was produced in a pilot plant with HTST
heated cream and the retentate was not added to
the milk (Hoffmann et al. 2006; Clawin-Rédecker
et al. 2006). However, a differentiation of microfil-
tered and directly heated ESL milk was possible

o-lactalbumin p-lactoglobulin Serum albumin  Lactoferrin Immunoglobulin ~ f-LG/protein

(mg/100 mL) (mg/100 mL) (mg/ 100 mL) (mg/100 mL) (mg/100 mL) (%)
Heating process Mean Min—-max Mean Min—-max Mean Min—-max Mean Min—-max Mean Min—-max  Mean Min—max
Raw milk® (n = 9) 118.1 89.6-150.0 411.1 299.8-577.1 33.0 19.8-65.8 14.8° 11.7-17.8 67.1 403-1034 113  89-133
HTST heated (n = 6) 111.8 102.0-115.2 410.0 330.2-474.5 172 13.5-20.5 7.1 1.8-12.3 285 13.8-382 12.0 10.3-14.2
ESL, microfiltered (n = 6) 106.1 99.8-111.5 381.7 357.4-414.8 16.1 13.7-184 6.8 55-84 219 14.1-296 112 109-11.8
ESL, directly heated (» = 8)  100.6 96.6-106.6 208.4 158.9-296.8 6.3  4.6-8.8 n.d. n.d. 6.0 4584
ESL, indirectly heated (n = 2) 84.1 81.5-86.7 50.7 34.1-67.3 n.d. n.d. n.d. 14  1.0-19
UHT (n = 8) 314 125574 153  63-299 nd n.d. n.d. 04 0209
Detection limit below 0.2-0.5 mg/100 mL.
B-LG, B-lactoglobulin; ESL, extended shelf life; HTST, high-temperature short-time; n. d., not detectable; UHT, ultra-high temperature.
Clawin-Ridecker and Schlimme (1998).
®Ingrid Clawin-Rédecker, unpublished data.
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due to their different acid soluble immunoglobulin
level.

Titratable acidity

Titratable acidity records the buffering capacity of
milk and indicates any change in the concentration
of acidic components in milk even if the pH does
not change. The TA of milk is often increased by
heat treatment. Thus, TA increases with increasing
temperature and duration of treatment. Simulta-
neously, reversibility of enhanced TA decreases
and the time required for reconstitution increases.
These effects were confirmed by the present study.

The quantification of free fatty acids (FFA) in milk
fat was not practicable, because a loss particularly
of short chain fatty acids occurs during fat extrac-
tion leading to inaccurate results.

The TA of the investigated UHT milk samples
(n = 8) was 7.0 = 0.2 SH on average, whereas the
HTST-heated milk samples (z = 5) had a mean TA
of 6.6 = 0.3 SH. ESL milk samples (n = 17) also
yielded an average of 6.6 = 0.3 SH. However, the
indirectly heated or microfiltered milk samples
(n = 8) had a mean TA of 6.8 = 0.1 SH, indicating
a slightly increased heat load in comparison with
HTST-heated milk. In contrast, directly heated

Odour
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Sweet " Miky

Cooked Foreign odour " Total intensity

B ESL milk, directly heated

[JESL milk, microfiltered and indirectly heated UHT-milk EJHTST-milk
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Figure 2 Box plots for odour properties of drinking milk (box gives median values, arithmetic means and 25th to 75th percen-

tiles; bars illustrate highest/lowest observed values).
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Figure 3 Box plots for taste properties of drinking milk (box gives median values, arithmetic means and 25th to 75th percen-

tiles; bars illustrate highest/lowest observed values).
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Figure 4 Contents of water- and fat-soluble vitamins in high-temperature short-time (HTST) heated (KZE), microfiltered (MFK), directly heated (DIR),
indirectly heated (IND) extended shelf life (ESL) milk in relation to ultra-high temperature (UHT) milk (ESL reflects the median of all ESL milks).

ESL milk samples (n = 9) showed lower SH val-
ues of 6.4 + 0.2. Presumably, this result is related
to a decrease in volatile acids due to the manufac-
turing process. Microfiltered ESL milk exhibits a
lower heat load than high temperature ESL milk,
thus an increased residual activity of lipases can
cause an accelerated formation of FFA and sensory
defects during prolonged storage. An increase in
the FFA content, as described by Kaufmann et al.
(2009) by approximately 1.3 pmol/mL during a
storage period of 21 days would analytically corre-
spond to an increase in TA by 0.5 SH.

© 2011 Society of Dairy Technology

In the present study, a decrease in the average TA
from 6.8 + 0.1 SHto 6.6 + 0.2 SH was observed in
microfiltered ESL milk stored for approximately
17 days. The decline in TA may be attributed to the
reversibility of the initial heat induced increase in
TA. However, arelease of FFA as described by Kauf-
mann et al. (2009) should have resulted in higher
SH values at the best-before date. Thus, the extent of
enzymatic lipolysis during storage of commercial
ESL milk appears to be negligible. Acidification by
microbial activity can also be ruled out, at least in the
packs analysed for TA having been stored at 4°C.
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Figure 5 Changes in water- and fat-soluble vitamin concen-
trations (expressed as area under the curve) during storage of
directly and indirectly heated extended shelf life milk. (Data
in the figure are normalised, i.e. vitamin concentrations are
expressed as percentage of mean concentration of the respec-
tive vitamin in all milk samples).

Sensory properties of drinking milk types

Box plots reflecting sensory properties of drinking
milk are outlined in Figures 2 and 3. The plots
revealed that discrimination of drinking milk pro-
duced by different processes was not possible
although there seems to be a tendency for HTST-
heated milk and microfiltered ESL milk to possess
a ‘milky’ flavour (odour and taste). A pronounced
foreign flavour in microfiltered ESL milk,
described by Kaufmann and Kulozik (2007), was
not found in the present study. This result is sup-
ported by low LIP activity and lipolytic changes in
microfiltered milk and the results of TA (see
above). The present results confirm the studies of
Hoffmann et al. (2006) and show that the sensory
properties of ESL milk produced by microfiltration
are comparable with those of HTST-heated milk. It
was not possible to differentiate from descriptive
sensory analysis profiles between ESL milk pro-
duced by different manufacturing techniques.
Additionally, a relationship between flavour profile
of the milk samples and storage time was not
observed. The large differences in the percentiles
and the wide range of values observed may also be
due to the heterogeneity of the panel (see Materials
and Methods).

Vitamin status of drinking milk types

The amounts of fat- and water-soluble vitamins in
HTST, ESL and UHT milk are presented in

© 2011 Society of Dairy Technology

Figure 4. Figure 5 shows changes in fat- and
water-soluble vitamin concentrations (derived from
the area under the curve) during storage of directly
and indirectly heated ESL milk. The data in the fig-
ures have been normalised, thus, vitamin concen-
trations are expressed as a percent of average
concentration of the respective vitamin in all milk
samples. The present study does not provide evi-
dence for relevant or significant vitamin losses due
to heat treatment and storage time or for lower con-
centrations of water- and fat-soluble vitamins in
ESL milk than HTST-heated milk.

The storage stability of vitamins in ESL milk
(Figure 5) was comparable with HTST-heated
milk. A significant, but not relevant loss of vitamin
B6 was observed during storage of ESL milk and
the concentrations of vitamins B1, B6, B12, A and
E increased slightly with increasing storage time
while the residual vitamin content remained con-
stant. The observed increase in vitamin concentra-
tions during storage of heated milk is contrary to
published data (Gallmann ez al. 2001), thus, a bias
may be present in this study, due to the relatively
low number of samples examined. There have
been occasional studies, describing increased folate
concentrations during storage, but were observed
exclusively in fermented milk products. Increased
folate concentrations were attributed to the activity
of starter cultures.

Overall, the results are in accordance with those
of Eberhard et al. (2003), who analysed high-
heated ESL milk after a 4 week storage period.
With the exception of vitamin B6, concentrations
of vitamins and folic acid did not differ between
indirectly and directly heated ESL milk and HTST-
heated milk. However, the concentration of vitamin
B1 was reduced by <15 or 5% in directly or indi-
rectly heated ESL milk.

CONCLUSIONS

Microbial analysis of whole milk samples at the
end of declared shelf life showed that TVCs at
30°C or 6.5°C from directly or indirectly heated
ESL milk were significantly lower than those from
microfiltered ESL milk and HTST-heated milk.
However, this result should not be overestimated
due to the low number of samples used in this
study. Evaluation of the indigenous enzyme activ-
ity (ALP, LPO) revealed that consumer milk prod-
ucts were heated adequately during treatment. The
manufacturing processes used for the production of
consumer milk can be differentiated by estimating
furosine and acid soluble whey protein content.
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The determination of TA demonstrated that the
extent of lipolysis during storage of commercial
ESL milk appears to be negligible. On the basis of
descriptive sensory analysis, the sensory panel had
a slight preference for HTST heated and microfil-
tered ESL milk, but a discrimination of drinking
milk types produced by different production pro-
cesses or duration of storage was not apparent.
Altogether, ESL milk is a valuable food and its
nutritional quality is comparable with HTST heated
and UHT milk. This conclusion is evidenced in the
unchanged protein and calcium concentration and
the largely unchanged concentration of nutrition-
ally important vitamins.
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