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Abstract
Lactose-free dairy products undergo several chemical modifications during shelf life
because of the reactivity of glucose and galactose produced by the lactose enzymatic
hydrolysis. In this study, proton transfer reaction-mass spectrometry (PTR-MS),
coupled with a time-of-flight (TOF) mass analyzer, was applied to get an insight on
the phenomena occurring during the shelf life of ultrahigh-temperature (UHT)
lactose-free milk (LFM). UHT LFMs produced by three different commercial lactase
preparations were evaluated during storage at 20 C over a 150 days period, sampling
the milk every 30 days. Production was repeated three times, on three consecutive
weeks, in order to take milk variability into consideration. Principal component analysis applied to the whole “volatilome” data demonstrated the capability of PTR-TOFMS in detecting the milk batch-to-batch variability: Freshly produced milk samples
were distinguished based on the week of production at the beginning of shelf life.
Additionally, a clear evolution of the volatiles organic compounds (VOCs) profiling
during storage was highlighted. Further statistical analysis confirmed VOCs temporal
evolution, mostly because of changes in methyl ketones concentration. Differences
caused by the commercial lactases did not emerged, except for benzaldehyde. Altogether, data demonstrated PTR-TOF-MS analysis as a valuable and rapid method for
the detection of changes in the VOCs profiling of UHT LFM.
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I N T RO DU CT I O N

Milk sensory quality is driven by absence of odor and aftertaste,
yet rejection might arise due unpleasant reaction occurring during

Complications related to lactose malabsorption have gathered the
1

shelf life4. Focusing on LFM, manufacturing is not trivial, and it poses

attention of both scientists and consumers in the recent past .

additional challenges. For example, even though heating the milk at

The increasing demand of healthier foods may push the preference

ultrahigh temperature (UHT) guarantees a prolonged shelf life5, the

for lactose-free milk (LFM) over conventional milk even among

presence of free glucose and galactose produced by lactose hydrolysis

consumers, which are not lactose intolerant2. In this scenario,

renders the product susceptible to Maillard reaction6. Moreover, most

LFM have experienced a valuable increase in market shares ,

UHT LFMs are produced by adding free soluble β-1,4-galactosidase

and today represents a staple products in the diet of many

(lactase) to the milk3. The commercially available options were found

consumers.

to contain arylsulfatase and proteolytic side activities, which can

3
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potentially modify the sensory quality of the milk during shelf life2,7.

evolves during shelf life at 20 C. By pairing PTR-TOF-MS with an

In a study conducted by Stressler and coworkers (2016), for example,

auto-sampling system, we attempt a rapid characterization of the milk

arylsulfatases from the β-1,4-galactosidase altered the odor of milk

thanks to the high speed of the analysis, which allowed us to measure

imparting a defect recognized as “cowshed-like.”8 Differently, proteol-

one sample per minute. To our knowledge, despite relevant published

ysis leads to the release of peptides and free amino acids in the milk.

literature on the VOCs formation in UHT LFM during shelf life, this is

The phenomena may confer bitterness and astringency to the prod-

the first time in which the task is performed by the rapid PTR-MS

9

uct , as well as provide further substrate for the formation of volatiles

technique.

and nonvolatile compounds by Maillard reaction10.
Therefore, the importance of volatiles organic compounds (VOCs)
in defining the quality of UHT LFM during shelf life is unquestionable.

2

M A T E R I A L S A N D M ET H O D S

|

VOCs are responsible for the complexity of food flavor and aroma, as
their release occur at each step of production, storage, and consump-

2.1

|

Chemical

tion11. In this frame, it appears relevant to develop methodologies
that allow a fast and reliable analysis of VOCs to monitor the
11

4-Methyl-2-pentanone (purity, ≥99%) used as internal standard for

quality of food products . Proton transfer reaction-mass spectrome-

GC-MS analysis was purchased from Sigma-Aldrich (Steinheim,

try (PTR-MS) was reported as a successful methodology for rapid,

Germany).

noninvasive, sensitive assessment of VOCs in food science11,12. The
instrument exploits the ionization of VOCs by proton transfer from
H3O+ and registers a mass spectrum in which the measured signal and

2.2

|

Preparation of the LFM samples

the mass/charge ratio (m/z) of the ions are plotted together13. In the
dairy sector, applicability of PTR-MS has been previously verified on

Manufacturing of UHT LFM was carried out industrially on three con-

various products such as grana-type cheeses14,15, butter16, and

secutive weeks to include the milk batch-to-batch variability in the

17,18

. When PTR is coupled with a quadrupole detector, distinc-

experimental design. A schematic drawing of each week of production

tion of molecules by PTR-MS is limited19. Better resolution and detec-

is illustrated in Figure 1. Three different commercial lactase prepara-

tion were achieved when the instrument was coupled with a time-of-

tions were purchased and employed for the experiment (Lac1, Lac2,

flight (TOF) mass spectrometer17.

and Lac3). Semiskimmed milk was firstly pasteurized and employed

yogurt

Different approaches have been previously applied to evaluate

for the production of the samples. The commercial lactase was added

the VOCs profiling of UHT LFM during shelf life. For example,

to the milk, and lactose conversion lasted for about 25 to 35 hours at

dynamic headspace (DHS) gas chromatography mass spectrometry

refrigerated conditions. UHT treatment was then applied, and the milk

(GC-MS) was applied by Jansson and coworkers (2014) to investigate

was packed aseptically. A 150-day shelf life simulation was performed,

the differences in VOCs evolution between UHT LFM and conven-

storing the samples in a climate chamber at 20 C under controlled

20

tional UHT milk over a 9-month storage . Fifteen VOCs were quanti-

conditions. Samples were collected at time 0 and every 30 days and

fied using external standards, and a sharper increase in concentration

stored at −80 C until the analysis was performed. A 5 mL of each

was registered by the lactose free. Together with other analysis, the

UHT LFM was placed into 20-mL glass vials (Supelco, Bellefonte, PA,

study demonstrated stronger occurrence of Maillard reaction in LFM.

USA). Prior to analysis, samples were thawed at room temperature

As a solution, the same research group published an article proposing

until thoroughly defrosted. Empty vials were used as blanks while the

the addition of green tea extract (GTE) to UHT LFM to inhibit the pro-

repeated measurement of a reference milk was used as quality

ceeding of the reaction6. They studied the volatiles profile of UHT

control.

LFM added with GTE again by DHS GC-MS, and a significant
decrease of specific VOCs was demonstrated. Troise and coworkers
(2016) applied solid-phase microextraction (SPME) GC-MS for the

2.3

|

GC-MS measurements

evaluation of the VOCs in commercial UHT LFM samples7. In that
case, external standard was injected, and the analysis was limited to

In concomitance with the PTR-TOF-MS measurements, to identify

specific VOCs. The results shown different temporal trend in the evo-

the compounds responsible for the mass peaks observed, HS-SPME

lution of the compounds depending on the commercial samples. A dif-

GC-MS analysis has been carried out. The analysis was carried out

ferent degrees of proteolytic activity in the lactases used by

both at the beginning and the end of the shelf life study (namely, at

producers was suggested as main responsible for such variations.

0 and 150 days of storage) on the UHT LFMs from the first week pro-

From the studies mentioned above, it was clear that UHT LFMs

duction. Measurements were based on the methodology already

are highly sensitive to changes in the “volatilome” during shelf life.

applied by our research group in previous studies21. VOCs extraction

The production process, the lactase preparations, and storage condi-

was performed at 40 C for 60 minutes with a 2-cm divinylbenzene

tions play a crucial role in the definition of the final product quality. In

(DVB)-carboxen-polydimethylsiloxane (PDMS) SPME fiber. Volatiles

this frame, the present study aims to investigate the application of

compounds were desorbed at 250 C in the injector port of a GC inter-

PTR-TOF-MS to characterize how the VOCs profile of UHT LFM

faced with a mass detector operating in an electron ionization mode
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F I G U R E 1 Simplified representation of the experimental design. Ultrahigh temperature (UHT) lactose-free milk (LFM) was produced adding
the three different commercial lactases (Lac1, Lac2, and Lac3) prior to UHT treatment. Manufacturing of the three LFMs occurred on three
consecutive days within the same week of production. The experiment was replicated three times (namely, on three different weeks of
production) in the same manner in order to have three production replicates for each UHT LFM and take the milk batch-to-batch variability into
consideration. All the LFM samples were stored at 20 C under controlled conditions for the shelf life study. As soon as after production (0 days of
storage), sampling was then performed every 30 days until 150 days of storage

(70 eV). Mass scan ranged from m/z 33 to 300 (GC Clarus

internal calibration of the data was based on a previous articles publi-

500, PerkinElmer, Norwalk, CT). An auto-sampling system (CTC com-

shed by Cappellin and coworkers (2010)23. The following mass peaks

biPAL, CTC Analysis AG, Zwingen, Switzerland) was used to manage

were used for internal calibration: 21.0221 (H3O+), 29.9974 (NO+),

the measurement in an automatic manner. An HP-Innowax fused-

and 203.9430 (1,3-diiodobenzene fragment). The latter was continu-

silica capillary column (30 m, 0.32-mm inner diameter, 0.5-μm film

ously injected as internal reference throughout the PTR-TOF-MS

thickness; Agilent Technologies, Palo Alto, CA) was used for the sepa-

analysis using the PerMaSCal device (Ionicon, Innsbruck, Austria). The

ration of the compounds. Linear retention indices (RIs) were calcu-

formula proposed by Lindinger et al24 was applied by assuming a con-

lated injecting, under the same chromatographic conditions, C7-C30

stant reaction rate coefficient of kR = 2 × 10−9 cm3/second to express

n-alkane series (Supelco, Bellefonte, PA). Using the NIST-2014/Wiley

the results in absolute concentrations (ppbV, part per billion by vol-

7.0 libraries combined to the calculated RIs, an identification of the

ume)4. This approximation leads to a systematic error that in most

VOCs was provided.

cases was below 30% for all the compounds25. Mass spectra signals
were averaged over 30 consecutive spectra.

2.4

|

PTR-TOF-MS measurements

The set up of the measuring conditions was based on PTR-MS proce-

2.6

|

Statistical analysis of the results

dures described elsewhere22. Briefly, a PTR-TOF-MS 8000 (Ionicon
Analytik GmbH, Innsbruck, Austria) operating in V mode (standard

13

configuration of the instrument) was used for measuring the samples

dataset. Mass peaks detected in the samples were compared with the

headspace. The following ionization conditions were set in the drift

blanks via Student t-test applying Bonferroni correction in order to

tube: extraction voltage of 24.3 V, drift voltage of 628 V, drift temper-

select those mass peaks significantly higher than blank. On this

ature of 110 C, and drift pressure 2.78 mbar corresponding to an E/N

reduced dataset, principal component analysis (PCA) was performed

−21

2

C isotopologues and interference masses were removed from the

V m ). The mass resolution

after log transformation and Pareto scaling to explore pattern in the

(m/Δm) was higher than 3800. All measurements were automatically

data. Pareto scaling uses the square root of the standard deviation as

performed using an auto-sampling system (Gerstel GmbH, Mulheim

scaling factor in order to penalize those variables having large stan-

am Ruhr, Germany) connected to the PTR-MS inlet, namely, a Poly-

dard deviations (reasonably noise signals). For data exploration, repli-

etheretherketone (PEEK) capillary tube (inner diameter, 0.40 mm),

cates of production were kept separated to visualize the different

heated at 110 C. Vials containing the milk samples were incubated at

milk batches. Loadings considered relevant in defining the trends of

value of 128 Townsend (1 Td = 10

50 C for 30 minutes prior to analysis. Three instrumental replicates

the PCA, namely, the ones with values ≥0.15 and ≤−0.15 on the first

were measured for each HLM UHT sample. Each vials was measured

component and those ≥0.10 and ≤−0.10 on the second component,

for 60 seconds (flow rate of 35 sccm) with an acquisition rate of one

were further considered in order to reduce the dimensionality of the

spectrum per second (m/z range: 21-300).

dataset. Selected mass peaks on which a tentative identification was
attempted were reported in a summary table (Table 2). The table was

2.5

|

Peak selection and data handling

also implemented with those compounds discarded by the described
dataset reduction procedure but revealed by the GC analysis.

Results of the extracted m/z were expressed with three decimal

Mean ± standard deviation of the three instrumental replicates com-

places. The procedure of dead time correction, peak extraction, and

ing from the three different batches of production (n = 9) was further
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considered for each selected peak mass. Two-way analysis of variance

For example, changes in composition of the pasture fed to cows can

(ANOVA) with Tukey post hoc was applied when necessary to investi-

convey different aromas to the milk28. From the results, we can con-

gate the evolution of the selected VOCs in the UHT LFM samples. A

clude that the applied PTR-TOF-MS methodology was appropriate to

α ≤ 0.05 was chosen as threshold for significant differences. Statistical

discriminate UHT LFMs coming from different batches of milk. Never-

analysis was performed using the software package STATISTICA 13.3

theless, from the explorative analysis, the three commercial lactases

(StatSoft, Inc., Tulsa, OK, USA) and the R packages FactoMineR and

(Lac1, Lac2, and Lac3) did not lead to a clear distinction of the samples,

factoextra.

suggesting a similar VOCs profiling among the products during shelf life.

3

3.2

3.1

RESULTS AND DISCUSSIONS

|
|

VOCs fingerprinting by PTR-TOF-MS

|

Mass peak identification by HS-SPME GC-MS

HS-SPME GC-MS analysis was carried out in support to the tentative
identification of the mass peaks detected by PTR-TOF-MS. A total of

In total, 368 mass peaks were extracted from the PTR-TOF-MS spec-

24 VOCs were identified in the headspace of the UHT LFMs (Table 1).

tra, and 268 mass peaks were found significantly higher than blanks.

The profile was in line with the literature available on the topic7,27.

PCA was performed to explore the spatial distribution of the UHT

The compounds detected by HS-SPME GC-MS with higher frequency

LFM samples as function of the considered mass peaks. Pareto scaling

were ketones. The class is considered a good indicator of deteriora-

was applied to adjust different fold changes among the variables and

tion of the milk upon heating, as their formation goes hand to hand

penalize the ones with large variation in the measurements, most

with the severity of the treatment29. Ketones were followed by alde-

26

likely associated to noise . Figure 2 shows the score plot of the first

hydes in terms of incidence. Even in this case, all the four identified

and second principal components (PC1 and PC2) explaining, respec-

aldehydes were reported in UHT LFM by other authors27. Besides the

tively, 43.81% and 10.90% of the total variance. The analysis distin-

detection in UHT milk straight after production, aldehydes and methyl

guished the UHT LFM as function of the batch of production.

ketones are important VOCs to monitor because of their contribuion

Moreover, the effect of the storage time was also highlighted. At

to the stale and oxidize flavor of the milk during storage30.

0 days of storage, the three different replicates (weeks) of production

Mass peaks considered relevant for the trends showed in the

were somehow separated. The effect seemed to be explained by the

PCA (Figure 2) were investigated in more details, and those tentatively

combination of PC1 and PC2. Batch-to-batch milk variability appeared

identified are summarized in Table 2. In supplementary material (S1)

not relevant at intermediate and final stages of shelf life. Batch-to-

temporal trend of the selected mass peaks reported in Table 2, sepa-

batch variability in UHT LFM was already reported by Jansson and

rated for each replicate of production and lactase preparation tested

coworkers (2014)27. In that case, variations emerged because of initial

are reported as well. The identity of 11 VOCs was confirmed by the

differences in ketones concentration. Many factors can render the

results of HS-SPME GC-MS analysis. Additionally, the table was also

VOCs profile of milk variable among different batches of production.

implemented with the mass peaks whose identification was attempted

F I G U R E 2 Principal component analysis
(PCA) score plot of the first (PC1) and second
(PC2) components, which describe, respectively,
the 43.81% and 10.90% of the total variance.
Analysis was performed on the Pareto scaled and
mean-centered data including all the time points
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T A B L E 1 Volatiles compounds identified by HS-SPME GC-MS in
the headspace on UHT LFM produced along the first replicate (week)
of production both at the beginning and the end of the shelf life study
(namely, at 0 and 150 days, respectively)

5 of 9

of the UHT LFMs. However, the impact on the PCA (Figure 2) was
tiny, so it was decided to exclude it from further statistical
considerations.

Rta

RIb

2.67

909

2-Methylbutanal

2.86

920

2-Pentanone

4.02

985

Two-way ANOVA and Tukey honest significant difference (HSD)

Toluene

5.47

1050

were performed to investigate the effect of storage time and commer-

Dimethyldisulfide

6.35

1087

cial lactases on the reported mass peaks. The analysis highlighted the

Hexanal

6.62

1099

Ethyll-benzene

7.91

1138

2-Heptanone

9.66

1190

Xylene

9.73

1192

2-Nonanone

16.56

1394

Nonanal

16.69

1398

duced with the three commercial lactases. All the methyl ketones

Benzaldehyde

20.91

1531

detected by PTR-TOF-MS were also confirmed by the HS-SPME GC-

1-Octanol

22.23

1574

MS analysis, with the exception of the mass peaks m/z = 129.128,

2-Undecanone

23.13

1604

associated to 2-octanone/octanal. It is not the first time that this VOC

γ-Butyrolactone

24.05

1636

is reported in UHT milk34. However, in our study, the compound was

Aceto-phenone

24.77

1660

detected at very low levels (<0.05 ppbV). 2-Pentanone (m/z = 87.081)

2-Tridecanone

29.12

1816

and 2-heptanone (m/z = 115.112) were the methyl ketones that expe-

Dimethyl sulfone

31.55

1908

rienced the most remarkable increase during shelf life. In the freshly

Hexanoic acid

31.10

1891

p-Cresol

36.18

2095

m-Cresol

36.36

2102

Octanoic acid

36.42

2105

δ-Decalactone

38.64

2199

Decanoic acid

42.24

2295

Volatile Compounds
2-Butanone

c

Abbreviations: GC-MS, gas chromatography mass spectrometry;
HS-SPME, headspace solid-phase microextraction; LFM, lactose-free milk;
UHT, ultrahigh temperature.
a
Retention time (min).
b
Linear retention index.
c
Compounds tentatively identified matching the NIST-2014/Wiley 7.0
libraries.

3.3

|

Effect of storage time on the VOCs profile

presence of significant differences among the UHT LFMs because of
storage time. In fact, most of the reported mass peaks were found at
significantly higher concentrations at the end of the storage (150 days
of storage) compared with the freshly produced samples (0 days of
storage). Mass peaks tentatively associated to methyl ketones registered a significant increase during storage for all the UHT LFMs pro-

produced samples, 2-pentanone was present in the range of 0.40 to
0.48 ppbV and increased up to 1.23 to 1.40 ppbV depending of the
lactase preparation employed (Lac1, Lac2, and Lac3). 2-Heptanone
followed a similar trend: It increased progressively from 0.55 to 0.60
ppbV, and it reached 1.22 to 1.35 ppbV after 150 days of storage. Significant increase of methyl ketones during shelf life was already
described both for conventional and UHT LFM. Jansson et al (2014)
reported higher rates of increase of methyl ketones in the latter20.
Methyl ketones are formed upon heating either by the decarboxylation
of β-keto fatty acids or the β-oxidation and decarboxylation of free saturated fatty acids35. Jensen et al (2015) estimated the class as good predictor for the development of “stale flavor” during shelf life of LFM10.
Even though an overall increase in VOCs in UHT LFM was registered during storage, some mass peaks followed a different trend.

on the basis of relevant literature, the chemical formula, and the frag-

Mass peak m/z = 49.011, tentatively identified as MeSH decreases

mentation pattern22,31,32. This led to a total of 18 VOCs associated to

during storage, although the drop was not statistically significant

a mass peak identified in the UHT LFMs headspace. Mass peak

when biological variability of the milk was considered. MeSH is

m/z = 73.064 (associated to 2-butanone/butanal) was the reported

formed from methional and contributes, together with other volatiles

compound, which registered the highest abundancy (ppbV) at the end

sulfur compounds, to the “cooked flavor” of pasteurized and UHT

of the shelf life period. It was followed by m/z = 69.070,

milk36. Presence of free methional in the milk could therefore justify

m/z = 63.026, and m/z = 49.011. These masses were associated,

detection of MeSH in our experiment. Temporal decrease of MeSH is

respectively, to isoprene, dimethyl sulfide (DMS), and methanethiol

reasonable because it reflects the proceeding of oxidation, which

(MeSH). Some compounds were present at higher concentration but,

might lead to the formation of DMS and H2S36. Protein-bound methi-

as the trend shown by the PCA was not considered relevant and a

onine is also the precursor of DMS (m/z = 63.026), so its significant

match with the GC-MS results was not found, it was chosen to leave

increase might be also associated with the decrease of MeSH during

them out from the summary table. Mass peak m/z = 45.033 is a clear

storage. Thus, the result indicated possible degradation of methionine

example. It was associated to acetaldehyde, a well-known index of

during storage of UHT LFM, already reported in the literature and

light oxidation in dairy products33. Its concentration in the headspace

potentially imputable to the proteolytic side activity originally present

ranged between 3.58 ppbV and 77.08 ppbV throughout the storage

in the commercial lactase preparations7.

Alkyl fragment

Methanethiol (MeSH)

Dimethyl sulfide (DMS)

Isoprene

2-Butanone; butanal

2,3-Butanedione;
γ-butyrolactone

2-Pentanone;
2/3-methylbutanal;
pentanal

Butanoic acid; Acetoin

Toluene

2-Ethyl furan

Heptanal fragment

Hexanal

Benzaldehyde

2-Heptanone

Hexanoic acid

2-Octanone; octanal

2-Nonanone; nonanal

Octanoic acid

43.054

49.011

63.026

69.070

73.064

87.044

87.081

89.060

93.066

97.062

97.101

101.096

107.049

115.112

117.091

129.128

143.145

145.123

3.64

0.48

X

X

X

X

X

X

X

X

0.01

0.12

0.03

0.08

0.60

0.06

0.09

0.07

0.03

0.10

0.37

0.24

X

0.44

0.43

10.32

X

60

2.24

0.01

0.13

0.03

0.07

0.77

0.11

0.14

0.09

0.04

0.10

0.40

0.80

0.47

8.15

1.65

0.87

0.01

0.15

0.04

0.07

0.93

0.13

0.16

0.09

0.04

0.11

0.38

1.01

0.59

8.74

2.74

1.28

1.53

0.38

90

0.01

0.15

0.03

0.08

0.96

0.15

0.14

0.09

0.04

0.10

0.37

1.05

0.62

10.84

2.73

1.45

1.74

0.37

120

0.01

0.16

0.04

0.07

1.00

0.14

0.15

0.10

0.04

0.09

0.36

1.09

0.62

9.18

2.72

1.52

1.40

0.36

150

0.02

0.18

0.04

0.08

1.22

0.18

0.17

0.11

0.05

0.10

0.36

1.39

0.80

9.68

3.39

2.39

2.10

0.39

0.01

0.12

0.02

0.07

0.55

0.05

0.08

0.06

0.03

0.09

0.43

0.40

0.23

9.91

0.47

0.42

3.39

0.34

-

30
0.36

0.36

Lac2

Lac3

X

GC-MS
30

0.01

0.12

0.03

0.06

0.77

0.11

0.13

0.08

0.04

0.10

0.44

0.73

0.47

8.28

1.76

0.86

2.16

0.34

60

0.01

0.15

0.04

0.07

0.98

0.15

0.16

0.10

0.05

0.09

0.42

0.97

0.65

8.62

3.16

1.50

1.85

0.37

90

0.01

0.15

0.03

0.07

0.96

0.16

0.15

0.09

0.05

0.09

0.38

0.94

0.60

9.33

2.87

1.61

1.68

0.33

120

0.01

0.16

0.04

0.07

1.07

0.18

0.15

0.10

0.05

0.10

0.40

1.03

0.66

7.78

2.99

1.83

1.77

0.34

Note. Values are reported in part per billion by volume (ppbV) as mean of three measurements from the three different production replicates (n = 9).
Abbreviations: GC-MS, gas chromatography mass spectrometry; LFM, lactose-free milk; UHT, ultrahigh temperature.

Tentative Identification

Tentatively identified mass peaks in the UHT LFM samples over a 150-day storage at 20 C

Measured
m/z

TABLE 2

150

0.02

0.18

0.04

0.08

1.22

0.21

0.17

0.11

0.05

0.11

0.41

1.23

0.77

8.67

3.61

2.32

1.90

0.37

0.01

0.13

0.03

0.08

0.58

0.06

0.09

0.07

0.03

0.09

0.48

0.43

0.24

6.84

0.51

0.46

3.08

0.39

-

Lac1
30

0.01

0.14

0.03

0.07

0.87

0.12

0.15

0.09

0.04

0.09

0.43

0.83

0.53

5.45

1.87

1.08

2.74

0.40

60

0.01

0.15

0.04

0.07

1.01

0.15

0.18

0.10

0.05

0.10

0.40

1.03

0.66

6.85

3.30

1.52

1.97

0.42

90

0.01

0.16

0.04

0.07

1.04

0.18

0.16

0.10

0.05

0.09

0.39

1.03

0.67

8.89

3.08

1.71

1.75

0.39

120

0.01

0.18

0.04

0.07

1.18

0.20

0.17

0.11

0.05

0.10

0.43

1.18

0.75

7.26

3.59

2.19

1.89

0.41

150

0.02

0.19

0.04

0.10

1.35

0.24

0.19

0.12

0.05

0.10

0.43

1.40

0.86

7.89

3.65

2.50

1.87

0.43
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3.4 | Effect of the different types of commercial
lactase preparations on the VOCs profile

7 of 9

comparison to Lac2. Benzaldehyde can be considered a thermally
induced compound in milk38. The formation may occur alongside
Maillard reaction starting from phenylalanine6. The mechanism

Quality losses in UHT LFM has been associated with presence of

involves the conversion of the amino acid to phenylacetaldehyde

proteolytic and arylsulfatase activities in the commercially available

via Strecker degradation and subsequent oxidation to benzalde-

lactase preparations. Thus, besides storage time, the effect of dif-

hyde39. Following this pathways, our results showed different

ferent commercial lactase preparations (Lac1, Lac2, and Lac3) on

extent of benzaldehyde formations possibly because of different

the VOCs profiling of UHT LFM was also investigated. Overall,

degrees of proteolytic side activity in the tested lactases. A study

almost all the mass peaks did not change significantly at each stor-

published by Troise and coworkers in 2016 already reported

age time based on the different lactases employed. At a first

changes of phenylalanine and benzaldehyde in a commercial UHT

glance, the results might indicate that the tested commercial lac-

LFM produced by “in-batch” technology7. In that case, release of

tases were similar and led to an almost indistinguishable VOCs pro-

phenylalanine was minimum and seemed not related to an increase

file in the products. Alternatively, the manufacturing process might

of benzaldehyde during shelf life. On the other hand, only one

explain the similarity in VOCs profiling among the samples. The

commercial milk was evaluated, and the lactase preparation

applied manufacturing process, so-called “in batch,” relies on the

employed by producers was unknown. Thus, further research on

inactivation of the lactase by heating the milk at UHT before pack-

the link between phenylalanine and benzaldehyde is required.

aging and storage7,37. With regards to the proteolytic side activity

Eventually, the significant increase of benzaldehyde over time

of lactase, the literature lacks of information concerning the rela-

might suggest the heat stability of some proteolytic side activity

tive stability upon heating. A review published by Dekker and

natively present in the commercial lactase, another aspect that

coworkers (2019) reported that, when lactose hydrolysis is per-

should be further investigated.

formed before the thermal treatment, the proteolytic side activity
of the lactase is inactivated37. The finding is in line with our
results, and the similar VOCs profiles detected by PTR-TOF-MS

4

|

CONC LU SION

analysis might be a consequence of the applied process for UHT
LFM manufacturing. Nevertheless, the analysis of the variance rev-

In the present study, changes in the VOCs profile of UHT LFM during

ealed the presence of significant differences for the mass peak

storage at ambient temperature were evaluated by PTR-TOF-MS

m/z = 107.049. Basically, its concentration over time increased for

coupled with a multipurpose auto-sampler. Applying PTR-TOF-MS,

all the UHT LFM samples following different trends (Figure 3). This

we significantly diminish the time of analysis. This allowed the design

means that for m/z = 107.049, tentatively identified as benzalde-

of a more complex experiment, in which several variables were simul-

hyde, the temporal evolution was dependent on the lactase prepa-

taneously assessed. For example, the inclusion of different milk

rations employed. UHT LFM produced with Lac1 and Lac2 were

batches gave a realistic interpretation of industrial variability and

significantly higher in benzaldehyde both after 60 and 120 days of

allowed to experiment the response of PTR-TOF-MS in a complex

storage. At the end of the shelf life (150 days), Lac1 was the com-

lifelike situation. Batch-to-batch variability of the milk was highlighted

mercial lactase preparation causing the highest release of benzalde-

by PCA, which also denoted a temporal evolution of the VOCs pro-

hyde in the UHT LFM headspace. The concentration was

files of the UHT LFMs during storage at 20 C. Different VOCs profil-

significantly higher than samples produced with Lac3 but not in

ing induced by the different commercial lactases employed did not
emerge for most of the identified mass peaks. Possibly, the UHT treatment, which in this case occurred after lactose hydrolysis, inactivated
most of the side activity of the lactase preparations. However, the different evolution of m/z 107.049 (benzaldehyde) during storage might
be associated with the lactase preparations employed: Phenylalanine
was pointed out as possible precursor of benzaldehyde formation, and
it can derive from the proteolytic side activity originally present in the
lactases. Therefore, the study suggested benzaldehyde as possible
marker to monitor in UHT LFM if the aim is to attempt a discrimination based on the lactase preparations used. However, understanding
whether the slight variations found in the study can affect the final
quality of the products is still uncertain.

F I G U R E 3 Time evolution (day 0–150) during storage at 20 C of
the mass peak m/z 107.048, tentatively identified as benzaldehyde, of
ultrahigh temperature (UHT) lactose-free milks (LFMs) produced with
three different commercial lactase preparations (Lac1, Lac2, and Lac3)
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