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Abstract

The effects of pasteurization and 4-month storage on the aroma profile of orange juices with pulp that were fully processed
and packed in inert nitrogen atmosphere were investigated within the span of 2 years (2018 and 2019). Headspace solid-phase
microextraction, gas chromatography-mass spectrometry, as well as gas chromatography coupled to flame ionization detec-
tion and olfactometry, were used for extraction, and subsequent analysis of the odour-active volatiles. Observed changes in
their odour intensity, including the formation of some off-flavours such as methional, furaneol, 4-vinylguaiacol and guaiacol,
were not significant to that extent to lead to an evident worsening in the overall flavour of juices. Thus, the use of nitrogen
atmosphere proved its ability to protect the organoleptic quality of juice from undesirable changes caused by oxidative load
or acid-catalysed reactions. Aroma profiles of fresh juices were considerably influenced by diverse climatic conditions, and
different seasons of orange harvest in monitored years. Pasteurization and storage had lesser impact on the volatiles in 2018
as in 2019, probably due to the inter-annual variability in such parameters of juices as content of pulp and pH.

Keywords Orange juice - Storage - Modified pasteurization - Volatiles - Solid-phase microextraction - Gas
chromatography—olfactometry

Introduction years increases demand of consumers for juice products with

properties as close as possible to those of freshly pressed

As the main product of orange processing, orange juice is
appreciated by consumers all over the world. Its high mar-
ket share can be attributed to its unique, a widely favoured
aroma, colour and health benefits. However, these qualities
of orange juice, besides the influence of climatic condi-
tions, can vary because of differences in applied processing
technologies as well as diverse storage conditions. In recent

Jan Durec: Production premises—McCarter Ltd., Budovatel'ska
1247/7, 92901 Dunajské Streda, Slovak Republic.

< Maria Kopuncova
maria.kopuncova@nppc.sk

Department of Chemistry and Food Analysis, Food
Research Institute, National Agricultural and Food Centre,
Priemyselna 4, 82475 Bratislava, Slovak Republic

Institute of Chemistry, Faculty of Natural Science, Comenius
University, Ilkovicova 6, 84215 Bratislava, Slovak Republic

3 McCarter Ltd., Bajkalska 25, 82101 Bratislava,
Slovak Republic

unpasteurized juices (Bi et al. 2020). Thus, main challenges
for the producers of orange beverages are a gentle juice pro-
cessing with minimal impacts on its nutritional and sensory
properties, the guarantee of this quality as well as microbial
safety during shelf life, that can be up to several months
(Mastello et al. 2015).

One of the most commonly used processing techniques
in food industry, which were developed to achieve shelf-
stable products, is pasteurization by heat. It is still the most
cost-effective method, discovered to date for reducing the
microbial contamination and enzymatic activities in juice
matrix. However, this process may change the quality of
orange juice in terms not only of nutritional ingredients, but
also can cause the loss of desirable aroma compounds, and/
or to initiate the formation of undesirable off-flavours (Bi
et al. 2020; Kim et al. 2018; Mastello et al. 2015).

Farnworth et al. (2001) compared the content of vola-
tiles of pasteurized and frozen unpasteurized orange juice
after storage. Concerning the unpasteurized juice, they
found higher concentrations of acetaldehyde, ethyl acetate,
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a-terpineol, 1-hexanol, 3-hexen-1-ol, a-pinene, sabinene,
B-myrcene and limonene but, on the contrary, lower concen-
tration of valencene. The authors concluded that unpasteur-
ized juice, which is quickly frozen and kept frozen until use,
may be more acceptable by the consumer, who is looking
for a fresh squeezed juice rather than for pasteurized one.
In study of Sadecka et al. (2014), a decrease mainly in the
contents of some terpene alcohols, esters, aldehydes, ketones
and sesquiterpenes, together with an increase in the content
of some volatile monoterpenes were observed after pasteuri-
zation of orange juice. On the contrary, according to Jordan
et al. (2003), the biggest changes in the content of volatile
components occurred during deaeration, the pasteurization
process did not modify the composition of deaerated orange
juice in a significant way.

Therefore, alternatives to a traditional thermal process-
ing which do not involve direct heating were investigated
in order to obtain safe products but with fresh-like qual-
ity attributes. Among these, high pressure (HP) and pulsed
electric field (PEF) processing received attention. Vervoort
et al. (2012) compared these methods with a mild thermal
treatment of orange juice. Their results demonstrated that
when processing conditions are selected based on equivalent
microbial safety, the impact of heat, HP and PEF pasteuri-
zation on the volatile profile of orange juice can be consid-
ered comparable. On the contrary, in later study of Bi et al.
(2020), the comparison of pasteurization and HP treatment
revealed compounds that could serve as discriminant indica-
tors of these methods, such as heptanal, (E)-2-heptenal, (E)-
2-nonenal and d-carvone for HP treatment, and p-terpineol,
p-mentha-1,5-dien-8-ol, carveol and fB-copaene for pas-
teurization. Moreover, d-carvone and f-terpineol could
be used as discriminant indicators throughout the storage
period. Mastello et al. (2018) evaluated volatiles and sensory
acceptance of non-processed orange juice compared with HP
processed and pasteurized juices. Statistical analysis proved
differences in composition of processed and non-processed
juices, as well as HP treated and pasteurized juices. How-
ever, sensory acceptance was similar for HP and pasteurized
orange juice.

Additional changes in juice composition can occur dur-
ing its storage in a retail chain. The number and type of
physico-chemical reactions and their interactions make the
quantitative study of quality degradation of orange juice dur-
ing shelf life highly complex. Moreover, storage conditions
such as temperature, time, oxygen content, light exposure
and packaging material can significantly affect the extent of
these reactions (Wibowo et al. 2015).

Regarding the temperature, Petersen et al. (1998) proved
that storage of orange juice at 5 °C, as compared with
higher temperatures, prevents both sensory and concen-
tration changes of aroma compounds. Storage at ambient
temperature led to an increase in concentrations of «- and
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B-terpineol, which contribute to the oxidized aroma and
bitterness of juice. Similarly, Moshonas and Shaw (1989)
observed a decrease in concentrations of 1-penten-3-one,
hexanal, ethyl butanoate, octanal, neral and geranial, and an
increase in concentrations of some undesirable components
such as furfural and a-terpineol, during storage of asepti-
cally packed orange juice. The increase in contents of other
well-known off-flavour compounds, in particular dimethyl
sulphide, 4-vinylguaiacol, a-terpineol and furaneol, was
revealed by Averbeck and Schieberle (2011) during forced
and normal storage of reconstituted orange juice. Wibowo
et al. (2015) studied chemical reactions taking place in pas-
teurized orange juice during storage at room and elevated
temperatures. The most significant changes were observed
in group of terpenes and in oxides and sulphur compounds.
In addition, decrease in content of aldehydes and esters was
observed. At the same time, the authors proposed the com-
pounds such as a-pinene, a-terpineol, linalool and octanal
as potential markers of pasteurized and stored orange juice.

In majority of reactions ongoing in food products, oxy-
gen can play an important role and thus barrier proper-
ties of the packaging material against oxygen diffusion
from the surrounding environment is the next often stud-
ied parameter, which is supposed to affect the stability of
juice during storage. However, in the study of Berlinet
et al. (2005), the same evolution in the content of volatiles
was observed during the storage of orange juice, regard-
less of the type of used packaging material—glass, and
three kinds of polyethylene terephthalate (PET). Used PET
packaging materials and their related values of oxygen
permeability showed no correlation with the loss of aroma
compounds. These findings were confirmed by Bacigalupi
et al. (2013), who investigated sensitivity of orange juice
to oxidation, when the standard PET or active PET bottles
with oxygen scavengers were used. The aroma changes
were not relevant markers of oxygen ingress and perme-
ability properties of the packaging materials, suggesting
that the modification of the aroma profile during storage
was caused mainly by acid-catalysed reactions, and only
to a lesser extent by oxidation. The role of acid-catalysed
reactions in the degradation of juice was supported also by
another study (Berlinet et al. 2006) in which the rise in pH
from 3.2 up to 4.0 significantly reduced the concentrations
of off-flavours furfural and a-terpineol during storage.
Despite of above mentioned primary role of acid-catalysed
reactions in the degradation of orange juice, our previ-
ous study (Kopuncova et al. 2018) dealing with impact of
inert gas application on the profile of orange juice vola-
tiles during 4-month storage of juices revealed followed
findings: the changes taking place in juice samples which
were processed in nitrogen (N,) as well as carbon dioxide
(CO,) atmosphere at only certain technological stages of
their production, were not significant sensorially, and they



Chemical Papers (2022) 76:4941-4953

4943

did not lead to noticeable deterioration of organoleptic
properties of juices during the storage. On the contrary,
negative sensory changes in flavour of stored juices were
observed for juices processed in conventional “air” atmos-
phere. They could be caused by the increase in content
of some aldehydes during the storage, as a consequence
of oxidative changes which are going on in juice matrix.
Mentioned worsening of organoleptic properties mani-
fested itself mainly in increased bitter and astringent taste
of juice, a certain loss of freshness and fruity sweetness,
and undesirable colour changes.

To the best of our knowledge, the studies aimed at com-
prehensive evaluation of continuous inert gas application
(used in all technological stages of juice processing) on
the aroma stability, and sensory qualitative attributes of
industrially produced fruit juices are still missing. There-
fore, based on the results of our previous work (Kopuncova
et al. 2018), we focused this study on the monitoring of
effects of modified gentle pasteurization, and exactly defined
4-month storage on the odour stability of principal aroma-
active compounds revealed by the method of gas chroma-
tography—olfactometry (GC-FID/O). The use of this specific
combined sensory and instrumental technique allowed us to
provide complex evaluation of this type of juice, completely
processed under N, atmosphere, not only from analytical
but mainly from organoleptic point of view. Moreover, two
series of storage experiments were carried out throughout
two following years with the aim to compare the effect of
inter-annual differences on the quality of juice.

Materials and methods
Samples and storage conditions

Samples of orange juice enriched with pulp were obtained
from McCarter, Bratislava, Slovakia (production premises
Dunajské Streda, Slovakia). This company imports raw
unconcentrated juice in frozen state from several countries
of origin, in this case from Costa Rica. After unfreezing,
juice was enriched with pulp, mixed, gently pasteurized at
95 °C during 20 s and filled aseptically into 200 mL PET
bottles with oxygen scavengers. Juice was fully processed
and packed under inert N, atmosphere. Bottled samples
were stored in the refrigerator at 7 + 1 °C in darkness, within
4-month shelf life period. Analyses of raw unpasteurized
and fresh pasteurized juice were performed within 24 h after
delivery of samples to the laboratory. Other samples of pas-
teurized juice were subsequently analysed on a monthly
basis. The effects of pasteurization and storage on the vola-
tiles of orange juice were investigated over two following
production years (2018, 2019).

Chemicals

All chemicals used as reference standards for identification
purposes of volatiles (listed in Tables 1 and 2) were gifts
donated from Bedoukian Research (Danbury, Connecticut,
USA), Graz University of Technology (Graz, Austria) and
French National Institute for Agricultural Research (INRA)
laboratories (Dijon, France).

Methods
Headspace solid-phase microextraction

The method was selected for the purpose of extraction of
orange juice overall volatile fractions containing aroma-
forming compounds. Each sample of juice (5.0 mL) was
incubated statically in a 40 mL glass vial in a metallic block
thermostat (Liebisch, Bielefeld, Germany) at 35 °C for
30 min. Isolation of volatiles was carried out by a solid-
phase microextraction (SPME) fibre placed in the head-
space of the sample during the entire incubation period. The
SPME fibre with divinylbenzene/Carboxen/polydimethylsi-
loxane (DVB/Carboxen/PDMS) film (2 cm), film thickness
50/30 um, “For odours” (Supelco, Bellefonte, Pennsylvania,
USA) was used. The fibre was initially conditioned by heat-
ing in the injector block of gas chromatograph at 270 °C
for 1 h. Headspace solid-phase microextraction (HS-SPME)
samples were desorbed at 250 °C in the injector block of the
gas chromatograph during the entire GC analysis.

Gas chromatography-olfactometry

Complex mixtures of volatile compounds extracted by
HS-SPME were separated and analysed by gas chroma-
tography coupled to flame ionization detection and olfac-
tometry (GC-FID/O) using the detection frequency con-
cept of posterior evaluation of odour quality and odour
intensity of individual odorants, according to the modified
procedure of Janacova et al. (2008). A sniffing procedure
panel was formed from 3 judges (2 women, 1 man, aged
29-57 years), who were chosen from 5 assessors trained
in sensory evaluation. Results of GC-FID/O analyses were
expressed as average values of estimated odour intensities
in a scale from O to 3 with increments of 0.5, obtained
from 6 independent measurements for each sample, com-
plying with the requirement of at least 5 citations within
each olfactory percept. The value + 0.5 was considered as a
standard error of estimation of odour intensities for applied
intensity scale and engaged well trained sensory panel. For
the performance of these analyses, the gas chromatograph
Agilent 7890A (Agilent Technologies, Palo Alto, Califor-
nia, USA) was coupled to flame ionization detector (FID)

@ Springer
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References

Compound Odour description

Raw juice Past. juice 1 month 2 months 3 months 4 months

Odour intensity

LRIDBW

Table 2 (continued)

No.

@ Springer

Pleasant, fresh, fragrant herb-like

Unknown

0.5-1 0.5-1

0.5-1

58

Weak pleasant odour, gentle herbal

Unknown

0.5-1

59

Compounds were identified on the basis of following criteria: LRIPBY linear retention index measured on GC column DB-WAX; MS mass spectrum; OD odour quality; LIT literature reference. ¢

tentative identification (only on the basis of mass spectra)

and an olfactory detection port (ODP), ODP3 (Gerstel,
Miilheim an der Ruhr, Germany). The capillary GC col-
umn DB-WAX (30 mx 0.32 mm X 0.25 pm; Agilent Tech-
nologies) operated with a temperature programme 35 °C
(1 min), 5 °C/min, 200 °C (1 min). Hydrogen was used as
a carrier gas at the linear velocity of 44.6 cm/s (measured
at column temperature 143 °C). Pulsed splitless injection
mode was used at injector temperature of 250 °C. For GC-
FID/O experiments, the effluent of the column was splitted
with a split ratio of 1:1 to FID and the olfactory (sniffing)
port ODP with addition of humidified air to protect the
nose epithelium from dehydration. FID temperature was
set to 250 °C. ODP operated at a temperature of 180 °C,
an interface temperature was 230 °C, and the flow of added
nitrogen in ODP humidifier was 12 mL/min. The sniffing
time of each judge did not exceed 30 min.

Gas chromatography-mass spectrometry

In parallel with GC-FID/O, HS-SPME extracts of vola-
tiles were analysed by gas chromatography-mass spec-
trometry (GC-MS) using the gas chromatograph Agilent
6890N (Agilent Technologies, Palo Alto, California, USA)
coupled to the mass spectrometric detector 5973 inert
(Agilent Technologies) equipped with capillary column
DB-WAXetr (30 mx0.25 mm X 0.50 um; Agilent Tech-
nologies) operating with a temperature programme 35 °C
(1 min), 5 °C/min, 220 °C (1 min). The linear velocity
of carrier gas helium was 45 cm/s (measured at 143 °C).
Pulsed splitless injection mode was used at an injector
temperature of 250 °C. Ion source operated at a tempera-
ture of 230 °C and quadrupole at a temperature of 150 °C.
Tonization voltage (EI) was set to 70 eV.

Identification of volatile compounds

The volatiles were identified on the basis of comparison
of their linear retention indices, mass spectra, GC analysis
of standards, and by the comparison of data on occurrence
and odour description with literature. The linear reten-
tion indices (LRI) were calculated using the equation of
Van den Dool and Kratz (1963) and standard mixture of
n-alkanes C4—C,, was used as reference. LRI data were
compared and confirmed with LRI data obtained by meas-
urement of standard volatile compounds. For this purpose,
our in-house database of LRI data was used. Identification
of compounds was performed additionally by comparison
of measured mass spectra with available mass spectral
libraries Wiley and NIST MS (National Institute of Stand-
ards and Technology, Gaithersburg, Maryland, USA).
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Statistical analysis

Statistical calculations were performed by means of Unistat
v. 6.0 (Unistat, London, United Kingdom) statistical pack-
age. Principal component analysis (PCA) was used in order
to define, interpret and visualize the differences between the
compared orange juice samples produced in 2 years as well
as to assess the effects of pasteurization and storage.

Results and discussion

GC-FID/O study of orange juices produced in 2018
and 2019

In general, 61 key odour-active compounds were detected in
the orange juice produced in 2018 (Table 1). However, due
to the overlaps between odours of individual volatiles in four
cases (f-myrcene + o-terpinene, limonene + -phellandrene,
octanol +limona ketone', f-caryophyllene + terpinen-4-ol),
only 56 olfactory responses were recorded. Fifty-five com-
pounds were identified by a combination of independent
methods as indicated in “Materials and methods” section.
In case of limona ketone only partial information was
available and thus, only tentative identification was pos-
sible. Five compounds remained unidentified at this stage
because they were detected only by GC—olfactometry. In
juice produced in 2019 (Table 2) the comparable number
of key odorants (62), as well as olfactory responses (59,
because of overlaps of odours of f-myrcene + a-terpinene,
limonene + p-phellandrene, octanol + limona ketone') were
recorded. Fifty-six compounds were completely identified,
in case of limona ketone only tentative identification was
possible again, and five compounds remained unidentified.

The overall aromas of analysed juices were found to be
formed by the components that belong to different chemi-
cal groups. There were identified seventeen terpenes, six
terpene alcohols, six aldehydes, six alcohols, ten esters, one
ketone in juice samples from 2018, and twenty-one terpe-
nes and five terpene alcohols, seven aldehydes, six alcohols,
eight esters, three ketones in juice samples from 2019. Two
lactones, two carboxylic acids as well as one derivative of
furan and two phenol derivatives were identified in juice
samples from both years. In comparison with results of our
previous study (Kopuncovi et al. 2018), the aroma profile
of samples investigated in current study was composed from
much greater number of odour-active compounds. This was
caused by using GC column with polar stationary phase,
while in our previous work GC column with nonpolar phase
was used.

With respect to the measured odour intensities, the prin-
cipal odour-active compounds of volatile fractions of juices
produced in both years were limonene + -phellandrene,

linalool, ethyl butanoate, ethyl hexanoate, ethyl octanoate,
octanal and octanol + limona ketone'. In 2019, all these
compounds showed high odour intensities from 2 to
2.5. In 2018, they had lower intensity 1.5, except for
limonene + B-phellandrene and linalool. Other aroma-
impacting compounds (odour intensity 1 in 2018 and 1.5
in 2019) were isoterpinolene, f-myrcene + a-terpinene,
y-terpinene, (E)-f-ocimene, nonanal and octyl acetate. Sev-
eral studies were focused on the GC-O characterization of
volatile fraction of orange juice, in which different com-
pounds were identified as most sensorially important. Tender
et al. (1998) identified ethyl butanoate, 3-pinene, limonene,
octanal and linalool to be the most important odorants in
fresh and stored orange juice by the calculation of aroma
values, as well as GC-sniffing technique called GC Odour
Profiling. Averbeck and Schieberle (2009) revealed linal-
ool, limonene, ethyl 2-methylbutanoate, octanal, a-pinene,
B-myrcene, acetaldehyde, decanal and f-damascenone as
volatiles with the highest odour activity values in the aroma
of freshly reconstituted orange juice from concentrate. In a
comparative study of different orange varieties, Arena et al.
(2006) observed the highest frequency of odour detection
for ethyl butanoate, a-pinene and B-myrcene in juices from
blond orange varieties. Comparison of our above mentioned
findings and results presented in these studies showed some
differences. However, these could be explained by different
ways of orange juice production, fruit varieties, and tech-
niques used to collect and process GC-O data.

As regards the pasteurization, GC-O study did not show
significant changes in odour intensities of individual odor-
ants. Slight increase was observed for some terpenes and
alcohols such as f-myrcene + a-terpinene (from 1 to 1.5),
a-terpineol, valencene and a-selinene (from 0.5 to 1 for all
three compounds) in 2018, and for y-terpinene and (E)-f-
ocimene (from 1.5 to 2 for both compounds), a-terpinolene
and a-terpineol (0.5 to 1 for both compounds) as well as
for octanol 4+ limona ketone' (from 1.5 to 2) in 2019. On
the contrary, slight decrease of odour intensity of linalool
(from 2.5 to 2) was observed during thermal treatment of
juice in 2019. In 2018, decrease of linalool was not observed
but there was noticed slight decrease of nonanal (from 1.5
to 1) and nonanol (from 1 to 0.5). The increase in odour
intensities of terpene alcohols after heat treatment, such
as a-terpineol in our study, could mainly originated from
the series of oxidative hydration-dehydration reactions of
hydrocarbon terpenes and other precursors (Perez-Cacho
and Rouseff 2008). Compounds a-terpineol, as well as ter-
pinen-4-ol were previously reported (Bazemore et al. 1999)
in excessively heated orange juice, and they are commonly
considered to be thermally generated off-flavours, while
they impart stale and musty notes to orange juice. Bi et al.
(2020) observed the increase in the content of almost all
alcohols after pasteurization of orange juice, among which

@ Springer
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p-terpineol, p-mentha-1,5-dien-8-ol and carveol were not
detected in fresh juice, thus they were considered as spe-
cific components of thermally processed orange juice. In
accordance with our study, Bi et al. (2020) observed also the
higher contents of some terpenes such as y-terpinene, (E)-f-
ocimene and a-terpinolene in processed juice in comparison
with fresh juice. In contrast with our study, some authors
observed increase of linalool concentrations after process-
ing of juice (Bazemore et al. 2003; Bi et al. 2020), probably
as a results of the release of free linalool from glycosides
by heating. In our study, the stable (2018) or only slightly
decreasing (2019) odour intensity of linalool after pasteuri-
zation of juice could be explained by the fact, that in acidic
matrix of orange juice linalool is very easily degraded to
other substances, mostly above mentioned terpene alcohols
a-terpineol and terpinen-4-ol.

The impact of 4-month storage on the aroma profile
of orange juices produced in two following years was not
mutually comparable. The differences in the extent of odour
intensity changes observed during storage of juices produced
in two following years were also confirmed by the statisti-
cal analysis of GC-FID/O results that is discussed below
in a separate subhead. In samples from 2018, there were
observed changes in odour intensities of almost all iden-
tified volatiles. There was no compound that would keep
stable odour during the entire experiment. The significant
increase in odour intensity by 1 to 2 points was noticed
for terpene hydrocarbons and alcohols isoterpinolene,
y-terpinene, (E)-p-ocimene, B-caryophyllene + terpinen-
4-ol, pB-terpineol, a-terpineol, valencene, geraniol, some
esters as ethyl 2-methylbutanoate, ethyl hexanoate and ethyl
octanoate, both lactones y-octalactone and d-decalactone, as
well as for octanoic acid and nonanol. The decreasing trend
showed some terpene hydrocarbons and alcohols such as
B-myrcene + a-terpinene, a-terpinolene and linalool, alde-
hydes hexanal, octanal, nonanal, decanal and ester heptyl
acetate. On the contrary, in 2019, the storage of samples did
not have such effect on the individual volatiles. There were
a lot of compounds which intensity remained stable during
the entire experiment, in particular a-pinene, isoterpinolene,
B-myrcene + a-terpinene, ethylacetate, ethyl butanoate,
octyl acetate, nonanol, decanol, octanal, perillaldehyde,
y-octalactone and §-decalactone. An increase in odour inten-
sities was observed for terpene hydrocarbons and alcohols
camphene, p-cymene, a-copaene, a-terpinolene, terpinen-
4-ol, a-terpineol, valencene, a-selinene, fatty acids octanoic
and decanoic acid, as well as for ethyl octanoate. However,
usually it was slight increase by only 0.5 to 1 point of odour
intensity. Similarly, slight decreasing trend was observed
for limonene + B-phellandrene, heptyl acetate, nonanal,
decanal, 2-pentanone and 2-phenyl ethanol. The increase
of some terpene alcohols, which were identified also in our
study, such as a-terpineol, terpinen-4-ol and p-terpineol, was

@ Springer

observed also by other authors (Averbeck and Schieberle
2011; Bacigalupi et al. 2013; Berlinet et al. 2005; Wibowo
et al. 2015) as the consequence of acid-catalysed hydration
of limonene and linalool, while the rate of their formation
is dependent on the pH of juice. Besides these volatiles,
increase of other degradative products of linalool such as
1,8-cineole, geraniol and nerol was referred (Perez-Cacho
and Rouseff 2008). In our study, moreover, a rise in the for-
mation of geraniol (2018, 2019) and nerol (2018) correlated
also with a decrease of linalool (2018) and limonene (2019)
during the storage. An increase of some terpene hydrocar-
bons such as a-terpinolene, o-terpinene and y-terpinene can
be linked to oxidative reaction and acid-catalysed hydration-
dehydration reactions of terpenes (Perez-Cacho and Rous-
eff 2008; Wibowo et al. 2015). Increase of p-cymene was
described in other studies as a consequence of rearrange-
ment, hydrogenation and dehydrogenation of a-terpinene,
y-terpinene and limonene (Perez-Cacho and Rouseff 2008;
Wibowo et al. 2015). Thus, in compliance with appropriate
conditions, chemical reactions of particular terpene hydro-
carbons can result in the formation and/or degradation of
other terpene hydrocarbons. In accordance with our results,
the decrease in the content of aldehydes was observed also
by Berlinet et al. (2005) and Wibowo et al. (2015), presum-
ably due to conversion into their corresponding acids. The
increasing odour intensity of octanoic and decanoic acids in
our study confirmed this suggestion. In addition, decrease of
saturated aldehydes could be ascribed to their absorption by
PET packaging (Wibowo et al. 2015). At the end, it is neces-
sary to mention that there may exist significant differences
between the changes in the concentration of volatiles after
pasteurization and storage and their real impact on the odour
intensity of individual compounds as well as overall aroma
of orange juice. Possible discrepancy between the results of
GC-O in our study and discussed results of predominately
GC-MS analyses from other authors, can be explained by
specific features of GC-O technique, e.g. different odour
threshold concentrations for olfactory detection of various
aroma-active compounds often varying through several
orders of magnitude, and/or different psychophysical trend,
and/or selectivity of human nose, and/or non-linear response
for various kinds of odour-active compounds.

Identification of off-flavours in orange juices
produced in 2018 and 2019

Combined technique GC-FID/O can be extremely sensitive
for detection of ultra-trace amounts of odour-active com-
pounds, if they have very low odour threshold. This special
feature of GC-FID/O allowed us analysis of several volatiles
that could not be detected by commonly used instrumental
detectors MS and FID, because they were present in samples
at very low concentrations but, on the other hand, they were
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considerably odour-active. These volatiles represented some
well-known off-flavour compounds previously described as
processing contaminants of stored orange juice. The first
one was methional, which provides cooked potato odour and
it is formed by Strecker degradation of L-methionine. Its
odour threshold is 0.1-0.2 ng/L in air (Blank et al. 1989).
In our study, methional was detected olfactorily for the first
time after 1 month of the juice storage in 2018 and after 2
months of storage in 2019. In both years, methional reached
only low odour intensity level 0.5-1 in 2018 and 0.5 in 2019.
However, these values remained unchanged in both cases
only during two storage months, but later, closer to the end
of 4-month storage period of juice, they dropped again to
zero. Bezman et al. (2001) reported previously increasing
concentrations of methional from the fresh to the pasteurized
and stored orange juice, and concluded that this compound
significantly contributes to the off-flavour of stored juice.
Another two identified off-flavours, furaneol and 4-vinyl-
guaiacol, are both products of thermally induced Maillard
reactions. Furaneol is formed by reaction of arginine with
rhamnose in the presence of ascorbic acid and provides
sweet, caramel odour (Haleva-Toledo et al. 1997). Its odour
threshold in air is 1 ng/L (Blank and Schieberle 1993).
4-Vinylguaiacol is characterized by the odour of curry pep-
per and its odour threshold in air is 0.4-0.8 ng/L (Blank
et al. 1989). Concerning our study, furaneol really appeared
first time in processed juices (2018, 2019) only after their
pasteurization at odour intensity level 1 (2018, 2019), and
its content and odour intensity continuously increased dur-
ing the juice storage up to odour value 3 (in 2018) and up to
value 2 (in 2019) at the end of the storage. 4-Vinylguajacol
appeared first time after pasteurization in both years but,
while in 2018 its intensity increased during the storage up
to 2.5, in 2019 remained at level 1 during the entire experi-
ment. Similarly, Averbeck and Schieberle (2011) revealed
the increase in contents of these compounds during forced
as well as normal storage of orange juice reconstituted from
concentrate. At the same time, concentration of 4-vinyl-
guajacol clearly exceeded its odour perception threshold,
and so confirmed the crucial role of this odorant for the
formation of undesirable “stale” off-flavour effect in stored
orange juice. On the contrary, concentration of furaneol did
not reach its odour perception threshold. The last negative
compound identified in our samples was guaiacol, that is a
product of metabolism of a common microbial contamina-
tion of fruit juices Alicyclobacillus spp. and is responsible
for medicinal/antiseptic off-flavour of contaminated juices
(Gocmen et al. 2005). Its odour threshold in air is 0.1-0.8
1 ng/L in air (Guth and Grosch 1991).

Bianchi et al. (2010) investigated the volatile profile of
orange juice contaminated by Alicyclobacillus spp. and
found that even low levels of contamination can lead to the
significant changes in the content of volatiles. Perez-Cacho

et al. (2011) established orto- and retro- nasal detec-
tion thresholds of guaiacol in orange juice at 0.70 pg/L
and 0.53 pg/L, respectively, and its recognition at 2 ug/L.
According to our results, in 2018 guaiacol reached only a
low odour intensity level 0.5—1. On the contrary, in samples
from 2019 was revealed a more significant intensity of guai-
acol at level 1.5. However, in both years it was detected also
in raw juice, in contrast with other mentioned off-flavour
compounds. This indicates, that the contamination of juice
did not occur during its processing or storage but already
raw material was contaminated during harvesting or squeez-
ing of oranges in the country of origin. This can be also
confirmed by unchanging values of guaiacol in all analysed
samples of juice in 2018 as well as 2019.

Statistical comparison of GC-FID/O results
from 2018 and 2019

The above discussed results of GC-FID/O analyses of both
series of orange juice samples were also statistically com-
pared. Variability between the samples from two production
years is obvious from results of PCA. Plot of principal com-
ponents (Fig. 1) clearly indicates the existence of 2 differen-
tiated groups of eigenvectors belonging to the samples from
2018 and 2019. As regards the results of PCA, the first three
principal components described more than 70% of the total
dataset variability. For description of maximum variabil-
ity, it would be necessary 10 components with eigenvalue
greater than 1. Observed variability could be explained by
the diverse climate conditions in individual years, but more
significant factor could be different seasons of harvest of
oranges because the experiment was carried out from August
to December in 2018, and from January to May in 2019.

8
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Component 1

Fig. 1 Plot of principal components demonstrating differentiation of
raw, pasteurized and stored orange juices processed in 2018 and 2019
(RJ, raw juice; P, pasteurized juice; M1, M2, M3, M4, juices stored
from 1, 2, 3 and 4 months, respectively; plot of principal components
was constructed on the basis of odour intensities of individual volatile
compounds determined by GC-FID/O
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The PCA also demonstrated the significant differentiation
of juice samples from individual months of storage in 2018,
when the samples stored for three and 4 months were located
in different quadrant of the PCA chart than the samples of
raw and pasteurized juice, as well as samples stored for 1
and 2 months. On the contrary, in 2019, there was observed
similarity between the pasteurized and stored juices because
these samples were placed in the same quadrant of the chart
in contrast with the sample of raw juice that was placed in
the opposite quadrant of the chart. Thus, in 2018, the storage
had significantly greater impact on the profile of orange juice
odour-active compounds than in the following year with the
most significant changes ongoing during third and fourth
month of storage. This could be explained by the different
pH values of orange juices (3.58 in 2018 and 3.70 in 2019),
as well as different contents of fruit pulp (4% in 2018 and
0.12% in 2019) which are parameters that could influence
the extent of the acid-catalysed reactions taking place in
orange juice samples during the storage.

Conclusions

On the basis of GC-FID/O analyses, it is possible to con-
clude that some observed changes in the content and odour
intensity of some volatiles taking place during pasteuriza-
tion and storage of the orange juices from both monitored
years. These changes relate to mainly the increase of terpene
alcohols (a-terpineol, terpinene-4-ol, f-terpineol), loss of
some terpene compounds (limonene, linalool) and alde-
hydes (hexanal, octanal, nonanal, decanal), but they were
not sensory significant to that degree, that they would lead
to a noticeable deterioration of organoleptic properties of
juices. Nevertheless, a certain loss of citrus freshness, as
well as typical orange sweetness were noticed in samples
at the end of the storage period. As regards the formation
of some known off-flavours such as methional, furaneol,
4-vinylguaiacol and guaiacol, that were observed in juices,
and they were detected only due to the potential of combined
GC-FID/O technique to record ultra-trace amounts of these
aroma-active compounds, and of course, as well as due to
the sensitivity of the panel of well-trained assessors. How-
ever, in the tasting evaluation of stored juices, they did not
show any significant strange, negative sensory effects on the
overall juice flavour. Only furaneol, which by its increas-
ing in content, and its growing odour intensity during stor-
age gradually contributed to a more pronounced caramel to
honey taste of the juice. So, at the end of the 4-month stor-
age of the juice, its flavour was a bit lacking in the typical,
pleasant freshness of oranges.

Comparison of aroma profiles of samples from two pro-
duction years indicated, that diverse climatic conditions, as
well as the different seasons of oranges harvest in individual

@ Springer

years could significantly affect organoleptic quality of fresh
juice. Moreover, the inter-annual variability in such param-
eters of juice as the content of pulp and pH, could also affect
the acid-catalysed reactions taking place in matrix during
pasteurization and storage in a different way. This could
lead to the observed different extent of content and odour
intensity changes in the aroma profiles of orange juices from
2 years, more specifically, the processing and storage had
lesser impact on the volatiles of orange juice that was pro-
duced in 2018, as in the following year.
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