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ARTICLE INFO ABSTRACT

Keywords: Pork liver has excellent nutritional properties but is a highly perishable product often rejected by consumers due
Pork liver to its strong unpleasant flavour. The objective of this study was to analyze the feasibility of the deodorization and
Deodorization

defatting of dried pork liver by means of supercritical CO, (SC-CO3) and conventional vacuum steam distillation
(VSD).

The results showed that both deodorization techniques were effective at reducing volatile organic compounds
(VOCs). Through VSD, the VOC content was reduced by 67.6% UA, while an 81.3% UA reduction was achieved
by SC-CO,, with respect to dried pork liver. In addition, 3 characteristic compounds of raw pork liver were
completely eliminated by applying SC-CO,, which could potentially reduce the characteristic mushroom (1-
octen-3-ol), fatty and green (1-nonanol), and fishy ((E,E)— 2,4-heptadienal) off-flavours. Therefore, SC-CO5 could
be considered a promising technique for the elimination of VOCs, and furthermore it leads to a reduction in the

Steam distillation
Supercritical CO,
Volatile
Off-flavour

fat content (24.9%).

1. Introduction

Pork liver, like other meat co-products and pork viscera, is a co-
product of the porcine industry with a high nutritional value, being an
important source of proteins (22.05%), lipids (2.94%), minerals and
vitamins [1]. However, the commercial value of pork liver is very low at
this moment [2]. In this context, it is of interest to valorize animal
co-products, such as pork liver, searching for new products or in-
gredients in order to achieve a more competitive and sustainable in-
dustry [3]. Different studies have reported the valorization of pork liver
as a means of obtaining proteins and liver hydrolysates, which have
excellent functional and technological (foaming, emulsifying and solu-
bility) properties and biological activity as bioactive peptides [2,4].

Nowadays, pork liver is mainly used as an ingredient in paté products
and animal feed [3], what is linked to two main aspects. The first issue is
its highly perishable nature, since it contains a high water content (73%)
and many nutrients [5]. In order to address stability problems, air drying
could be considered as a suitable preservation technique of moderate
cost. In addition, dried pork liver facilitates storage and reduces weight
and volume in liver processing and transportation [5]. The second thing
that explains its low commercial value, is linked to its strong, charac-
teristic flavour, which leads to consumer rejection. The pork liver
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off-flavour has been described as intensely fishy and metallic [6].
Several studies have aimed to improve liver acceptability using different
culinary techniques to eliminate or mask liver’s unpleasant odour [7].
Thereby, a deep understanding of pork liver deodorization, using con-
ventional or emerging techniques, would be a matter of relevant
research and necessary in order to improve further uses of its protein
fraction.

The issue related to off-flavours in pork liver is common to other
novel protein sources, such as in the case of legumes or other vegetables
[8-11]. In addition to vegetable proteins, whey protein concentrates
have also been associated with tastes that are unpleasant for the con-
sumer [12]. For these reasons, unless the flavour of the new protein
isolates is improved, their direct use in human foodstuffs will remain
very limited.

Deodorization consists of reducing or completely eliminating the
content of those Volatile Organic Compounds (VOCs) associated with an
unpleasant odour. Previous studies have applied deodorization to oils,
either oilseed-based [13] or fish-based [14]. Deodorization has also been
applied to fish [15] and spices [16], among other foods. However, to our
knowledge, the application of deodorization techniques to meat prod-
ucts has not been addressed to date. To date, the most frequently-applied
and efficient deodorization technique for the extraction of VOCs is
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distillation, which is based on the use of water as an extraction medium,
either as a liquid or as vapour. Specifically, deodorization by steam
distillation is the most common method [16]; this consists of generating
steam at a high or moderate temperature (with or without vacuum) and
putting it in contact with the sample to be deodorized [13]. This method
has been shown to be the most effective at deodorizing products, such as
turmeric powder, reducing the odour to a greater extent than other
methods, such as Kjeldahl, rotary evaporation or non-steam vacuum
distillation [16].

The use of supercritical CO2 (SC-CO3) represents one of the few al-
ternatives to distillation. The physical properties of SC-CO3, including
high compressibility, liquid-like density, low viscosity, and high diffu-
sivity [17], allow its penetration into the solid matrix and the solubility
of target compounds. Moreover, SC-CO; has other advantages: it has a
low critical temperature (31°C) and surface tension and better selectivity
and is also non-toxic, non-flammable, economical and easily removable
from the matrix to be deodorized [18]. SC-CO5 has been used in the food
industry for the extraction of different molecules, such as lipids and
cholesterol [19], colorants such as tomato lycopene [20], caffeine from
coffee or tea [21] and various components (squalene, lipids, vitamin A
and p carotene) from liver [22-24]. In addition to extracting compounds
of interest, SC-CO, has been used to reduce the fat content of
high-protein food sources, such as meat and fish, preventing protein
denaturation due to the mild temperatures used [25]. Although the
application of this technique for deodorization purposes is relatively
expensive, its numerous advantages are in line with the demand for
clean and safe technologies [25]. SC-COy has been applied for the
deodorization of drinking water [26], custard apple seed powder [27],
truffles [28], lavandin and thyme extracts [29], soy-protein isolate [30]
and fish sauce [31]. However, so far, the use of SC-CO5, for the extraction
of VOCs in meat products has not been addressed. Therefore, the use of
SC-CO,, for the deodorization, and simultaneous defatting, of the pork
liver would help to revalorize a product with a very relevant nutritional
composition, taking advantage of its high protein content. Thus, the
objective of this study was to analyze the feasibility of using supercrit-
ical COy for the deodorization and defatting of dried pork liver
comparing its performance with vacuum steam distillation.

2. Material and methods
2.1. Raw material and sample preparation

Raw pork livers (RPL), from an industrial slaughterhouse, were
transported at 4°C to the laboratory. Liver conditioning consisted of i)
the separation of its 4 main lobes, ii) the splitting of each lobe into two
parts, (iii) vacuum packaging (200 x300 PA / PE, Sacoliva, Castellar del
Valles, Barcelona) and (iv) freezing (at —20°C) until processing.

2.2. Drying process

Before drying, vacuum packaged samples were tempered at 2°C for 2
h in order to facilitate further handling. Using a household device, cyl-
inders (12.6 mm diameter x 15 mm height) were obtained to be dried.
Drying was carried out at a high temperature (105°C) using a convective
oven (FD 56, Binder, Germany) with an air speed of 1.3 m-sT for 24 h
until constant weight was reached (AOAC 950.46 B) [32]. Subsequently,
the dried pork liver (DPL) samples were ground and mixed with the aim
of obtaining a representative sample. Then, the dried pork liver samples
were vacuum packaged in 200 x 300 PA / PE bags (Sacoliva, Castellar
del Valles, Barcelona) of approximately 3 + 0.05 g for deodorization
tests by vacuum steam distillation and 30 + 0.05 g for deodorization
tests by supercritical CO,. Finally, the samples were stored in refriger-
ation at 4°C until their subsequent deodorization.
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2.3. Deodorization process

2.3.1. Vacuum steam distillation

Deodorization by vacuum steam distillation (VSD) was carried out
using the experimental set-up shown in Fig. 1. The distillation balloon
(2, Fig. 1), with 2 L of distilled water, was placed in the water bath (HB
digital 115, IKA, Germany) (1, Fig. 1) which was kept at 80°C. The
balloon was attached to the distillation column (3, Fig. 1) in which 3 g of
dried pork liver samples were placed into filter-paper cartridges. Thus,
the steam generated rose in the column passing through the sample with
a flow of 0.19 g/s. Afterwards, the steam passed through a condenser (4,
Fig. 1), which was connected to a cooling unit (5, Fig. 1), and the
condensate was collected in a small distillation balloon (6, Fig. 1). The
entire system was connected to a vacuum pump (MZ 2 C, Vacuubrand,
Germany) (7, Fig. 1) (0.07 mbar) that allowed steam generation at low
temperature (42 + 2°C). A water trap (8, Fig. 1) was used to prevent the
steam from reaching the vacuum pump. After the deodorization opera-
tion was completed, the volume of water collected was measured in
order to compute the steam used (1100-1200 mL). The deodorization
time was set at 90 min. Finally, the deodorized pork liver samples (DPL-
VSD) were removed from the paper cartridge and stored frozen (—20°C)
until their VOCs analysis. Deodorization by VSD was replicated 3 times.

2.3.2. Supercritical CO2

Pork liver was treated with supercritical carbon dioxide (SC-CO5) for
the purposes of removing the VOCs using laboratory-scale equipment.
Fig. 2 shows the SC-CO5 system, which consisted of a deodorization
vessel (1, Fig. 2) into which a stainless steel cell, containing 30 g of dried
pork liver, was placed (2, Fig. 2). The stainless steel cell had filters on
both sides, that allowed the sample to be retained and the SC-CO3 to
circulate at a pre-set temperature, and in pre-established pressure and
time conditions. The vessel containing the sample to be deodorized was
immersed in a thermostatic water bath (3, Fig. 1) to maintain the tem-
perature. In addition, the system was supplied with a separator tank (4,
Fig. 1) into which 90 g of activated carbon was placed for its ability to
absorb volatile compounds [33]. The CO; tank (5, Fig. 1) was connected
to a cooling system, which maintained CO5 at — 18°C (6, Fig. 1) and a
diaphragm dosing pump (LDB, LEWA, Tokyo, Japan) was used to ach-
ieve the desired pressure in the deodorization vessel (7, Fig. 1). A
manometer and a K-type thermocouple were installed inside the vessel
to measure the temperature and pressure of the sample throughout the
process (8, Fig. 1).

Carbon dioxide was pumped from the cooling tank (6, Fig. 2) to the
deodorization vessel (1, Fig. 2), where the sample to be deodorized was
placed, changing states from liquid to supercritical. When the super-
critical CO, leaves the deodorization vessel, it turns to vapour and passes
through the separator tank containing active carbon (4, Fig. 2). The CO,
flow rate was constant during all the experiments (1 + 0.05 kg CO/h).

Fig. 1. Deodorization by vacuum steam distillation: 1- Water bath; 2-Distilla-
tion balloon; 3-Distillation column; 4-Condenser; 5-Cooling system; 6-Conden-
sate balloon; 7-Vacuum pump; 8- Water trap.
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Fig. 2. Deodorization by supercritical CO,: 1- Deodorization vessel, 2- Stainless
steel cell containing the sample, 3- Bath, 4- Separator tank with active carbon,
5- CO, tank, 6-Reservoir/cooling tank, 7-Pump, 8- Manometer and a K-type
thermocouple.

The circuit was closed when the COy vapour turned into liquid by
passing it through the cooling reservoir (6, Fig. 2) and recirculated
again. Subsequently, the deodorized pork liver samples (DPL-SCCO3)
were extracted from the stainless steel container and stored frozen
(—20°C) until their VOC analysis.

A Box Behnken experimental design was carried out for the optimi-
zation of the deodorization conditions, including the following vari-
ables: pressure (200, 325 and 450 bar), temperature (35, 50 and 65°C)
and time (30, 60 and 90 min). The design involved three levels for each
factor and three replicates at the centre point (15 experimental runs)
(Table 1).

2.4. Volatile organic compound analysis

The volatile organic compounds (VOCs) were analyzed following the
methodology previously described by Dominguez et al. [34] and con-
sisting of solid phase microextraction with headspace (HS-SPME),
coupled to gas chromatography (GC) and mass spectroscopy (MS)
detection (HS-SPME-GC/MS).

For the HS-SPME, a 10 mm long molten silica fibre coated with a 50/
30 mm thick layer of divinylbenzene, carboxene and poly-
dimethylsiloxane (Supelco, Bellefonte, PA, USA) was used. Before car-
rying out the analysis, the fibre was conditioned by heating at 270°C for
30 min. To perform the extraction, 1 4+ 0.02 g were placed into 20 mL
vials (Agilent Technologies, Santa Clara, CA, USA) and screwed with a
laminated Teflon rubber disc. The samples were balanced for 15 min at
37°C to ensure a homogeneous sample temperature and headspace.
Then, the extractions were performed at 37°C for 30 min

Once the extraction was completed, the fibre was transferred to the

Table 1

Box Behnken design for the SC-CO, deodorization experiments.
Treatment Temperature Pressure Time

Q) (bar) (min)

1 50 200 90
2 65 200 60
3 65 325 90
4 65 325 30
5 50 450 30
6 35 325 30
7 65 450 60
8 50 450 90
9 50 200 30
10 35 450 60
11 35 200 60
12 35 325 90
13 50 325 60
14 50 325 60
15 50 325 60

Journal of CO2 Utilization 70 (2023) 102455

injection zone of the system consisting of the gas chromatograph and the
mass spectrometer (GC-MS). The HS-SPME fibre was desorbed and
maintained in the injection site (splitless mode and a helium pressure of
9.59 psi) at 260°C for 8 min. After each injection, the fibre was washed
and conditioned at 270°C for 2 min to ensure that it was clean before the
next extraction. Helium was used as the carrier gas at a constant flow
rate of 1.2 mL/min (9.59 psi). The column that was used for the sepa-
ration of the volatile components was a DB-624 capillary column 30 m
long, 250 ym wide and with a film thickness of 1.4 um (J&W Scientific,
Folsom, CA, USA). A preheating was carried out to reach an isothermal
temperature of 40°C for 10 min, followed by a first heating step during
which the temperature rose to 200°C at 5°C/min. Finally, there was a
second heating step in which the temperature rose to 250°C at 20°C/min,
which was maintained for 5 min. The analysis lasted for 49.5 min

As for the conditions of the MS, the transfer line was maintained at
260°C. The ion source used was The Extraction Source, Xtr EI 350
(Agilent Technologies, Santa Clara, CA, USA). The mass spectrum was
obtained using the selective mass detector, 5977B, working with an
electronic energy of 70 eV, with an electron multiplier voltage of around
900 V (gain factor = 1) and obtaining 2.9 scanners/s in the m/z range of
40-550 in scan acquisition mode. The mass source was maintained at
230°C while the mass quad was adjusted to 150°C.

After the chromatographic analysis, all the data obtained were
studied using the MassHunter Quantitative Analysis B.07.01 software
and these were compared with bibliographic information. The integra-
tion of the peak areas was performed with the Agile2 algorithm, while
the detection peak was obtained by deconvolution. The compounds
were identified by comparing the mass spectra obtained with those
published in the NIST14 database. The compounds were considered
correctly identified when they had a matching factor of over 85%.

From the chromatograms, the content of each compound was
determined by the area of its peak, which was expressed by units of area
(UA). In order to calculate the percentage of VOCs for the different
families of chemical compounds, the ratio between the UA for each VOC
family and the total area (sum of the UA for all the VOCs detected) was
computed for each of the analyzed samples: RPL, DPL, DPL-VSD and
DPL-SCCO». In order to calculate how the deodorization affects VOC
content, the loss (% UA) for each VOC family was computed as the ratio
of the UA for each family of the deodorized sample (VSD and SC-CO5) to
the UA from dried pork liver (DPL).

2.5. Chemical composition

To analyze the chemical composition (moisture, ash, protein, and fat
contents) of DPL, DPL-VSD and DPL-SC-CO,, the AOAC procedures [32]
were followed. The moisture and ash contents were determined gravi-
metrically using a hot air oven and a muffle furnace, respectively. The
protein content was estimated from the total Kjeldahl nitrogen (TKN x
6.25) by using a Gerhardt KB20 digestion system (C. Gerhardt GmbH &
Co., Konigswinter, Germany) and a Biichi K-314 distillation unit (Biichi
Labortechnik AG, Flawil, Switzerland). The total fat content was
determined gravimetrically by Sohxlet extraction with diethyl ether as a
solvent. Each sample was analyzed in triplicate.

2.6. Statistical analysis

A response surface design (Box-Behnken) was employed using Stat-
graphics Centurion XVI (Statpoint Technologies Inc., Warrenton, VA,
USA) to study how the temperature and pressure at which SC-CO,
deodorization takes place and the length of time of the process (Section
2.3.2) influence the VOC contents. In addition, to evaluate the differ-
ences between the VOC content and chemical composition of the
different samples (RPL, DPL, DPL-VSD and DPL-SCCO>), an analysis of
variance (ANOVA) was performed and the LSD (least significant dif-
ferences) intervals were identified (95% confidence level) using Stat-
graphics Centurion XVI.
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3. Results and discussion
3.1. Drying of raw pork liver

3.1.1. Impact on volatile organic compounds (VOCs)

In the present study, a total of 136 volatile organic compounds
(VOCs) were identified (Table 2). In raw pork liver (RPL), 58 VOCs were
detected, while in dried pork liver (DPL), the number of VOCs increased
up to 116.

A significant variation in the results of the VOC quantification can be
observed in Table 2. As illustrated in Fig. 3, the results of the quanti-
tative analysis in terms of the percentages of units of area (UA) of the
main VOC families in RPL were: hydrocarbons (46.6% UA), ketones
(27.7% UA), aldehydes (9.6% UA), ethers (9.4% UA), alcohols (5.4%
UA), sulphur compounds (0.8% UA), halogen compounds (0.2% UA),
esters (0.2% UA), nitrogen compounds (0.06% UA) and furans (0.02%
UA). As is illustrated in Fig. 3, there are great differences between the
content of the main VOC families in RPL and DPL. Thus, the acid family
was not detected in RPL. However, after the drying process, as a result of
lipid hydrolysis [35] and from the degradation of the carbohydrates and
aldehydes formed from the Strecker reaction [36], acids (15.9% UA)
were formed [37].

As for the aliphatic alcohols, an increase was found when comparing
RPL and DPL (from 5.4% to 9.5% UA). These compounds contribute to
the flavour of the meat through unsaturated alcohols, and of these, 1-
octen-3-ol must be highlighted. This was present in RPL and DPL, and
its content increased after the drying process (from 3.16 to 53.01 UA)
probably as a result of the degradation of fatty acids catalyzed by the
lipoxygenase [38]. As in aliphatic alcohols, in aliphatic aldehydes, the
VOC content increased in DPL compared to RPL (from 9.6% to 25.3%
UA). In DPL, the content of every saturated aldehyde increased when
compared to the content in RPL, such as pentanal (from 0.58 to 13.92
UA), hexanal (from 16.04 to 139.08 UA) and heptanal (from 0.47 to 3.59
UA). However, the content of unsaturated aldehydes did not increase in
the same magnitude, in some cases even falling, such as 2-butenal,
2-methyl- (from 1.72 to 1.58 UA) or (E,E)— 2,4-heptadienal (from
5.63 to 2.26 UA). This was probably linked to the fact that unsaturated
aldehydes are more reactive than saturated aldehydes and, therefore,
more likely to participate in the Maillard reactions and give rise to other
compounds [39].

Ketones are also one of the major flavour-related chemical families
and are generated from lipid oxidation, alkane degradation and the
dehydrogenation of alcohols by bacteria [40]. After drying, there was a
smaller content of ketones (8.3% UA) than in RPL (27.7% UA).

One of the most noticeable changes in VOCs caused by drying was
the increase in heterocyclic compounds, such as nitrogen compounds
(pyrazines, 25.7% UA) and furans (0.7% UA) (Table 2). These hetero-
cyclic compounds are generated through the Maillard reactions and are
generally formed at high temperatures. Pyrazines contribute to the
aroma of grilled meat [39,41]. As for furans, they were formed by re-
actions that take place at temperatures of over 100°C, usually from fatty
acid oxidation [42]. In the DPL, therefore, new compounds appeared,
such as 3(2 H)-furanone, dihydro-2-methyl-, which present a sweet
caramel odour [43].

In contrast, the content of other VOC families in DPL dropped after
drying: halogenated compounds (from 0.21% to 0.03% UA), ethers
(from 9.39% to 0.29% UA) and hydrocarbons (from 46.58% to 10.40%
UA). This decrease is possibly due to the reactions that take place during
drying, such as lipid oxidation, the participation of proteins and sugars
in the Maillard reaction, protein degradation, and amino acid conden-
sation with Maillard intermediates in Strecker degradation, among
others.

3.1.2. Off-flavour removal
Im et al. [44] characterized the off-flavour of the VOCs present in
pork liver as fishy, metallic and fatty, with hints of cardboard, nuts, such
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as almonds, oil, and nature, such as grass (green) and mushroom. The
following compounds are those that contribute to the complexity of the
unpleasant notes of pork liver:

e (E,E)— 2,4-heptadienal (Fishy odour)

e 1-octen-3-one and 1-hexanol (Metallic odour)

e (E)— 2-nonenal (Cardboard odour)

e Butanal, 2-methyl, benzaldehyde and pentanal (Almond odour)

e Propanal 2-methyl, hexanal and heptanal (Fatty odour)

e Hexanal, butanal, 2-butenal, 2-methyl- and 1-hexanol (Green-nature
odour).

1-octen-3-ol (Mushroom-nature odour)

It has to be considered that the significant unpleasant aroma of pork
liver is not only the result of a single odour, but the combination of the
different ones, especially the metallic and fishy odours [6].

The drying process eliminated one of the characteristic compounds
of the liver odour, the benzaldehyde (almond odour). However, the
quantity of the two compounds to which the nutty odour is linked rose:
butanal, 2-methyl- (from 19.04 to 30.55 UA) and pentanal (from 0.58 to
13.92 UA), (Table 2). Likewise, the units of the characteristic fatty
odours increased: propanal 2-methyl from 1.39 to 8.69 UA, hexanal
from 16.04 to 139.08 UA and heptanal from 0.47 to 3.59 UA (Table 2).
As for the nature odour, identified as the green odour, two of the
characteristic compounds of liver increased their content compared to
RPL, hexanal (already shown) and butanal from 0.09 to 0.48 UA.
However, 1-hexanol decreased from 3.79 to 0.86 UA and the content of
2-butenal, 2 methyl (1.58 UA) was similar to that of RPL (1.72 UA). In
addition, 1-nonanol, a compound also characteristic to fatty, green
odours that are undetected in RPL, was found in DPL. The units of the
other characteristic nature odour, mushroom, attributed to 1-octen- 3-
ol, increased from 3.16 to 53.01 UA after drying. This alcohol is usually
described as an important volatile that contributes to the typical aroma
of dry-cured meat products [45]. Finally, the fishy and metallic odours
of the pork liver were not completely removed after the drying process.
In this regard, (E,E)— 2,4-heptadienal, a compound related to a fishy
odour, decreased in quantity from 5.63 UA in RPL to 2.26 UA in DPL and
the content of 1-octen-3-one, related to a metallic odour, remained
similar to that in RPL (2.25 UA in RPL and 1.82 UA in DPL).

3.2. Dried pork liver deodorization by vacuum steam distillation

3.2.1. Impact on volatile organic compounds (VOCs)

Overall, the VOC content detected in DPL-VSD fell if compared to
DPL (Fig. 4): the content of acids dropped by 91.9% UA, alcohols by
87.7% UA, aldehydes by 72.6% UA, halogen compounds by 51.9% UA,
nitrogen compounds by 89.8% UA, sulphur compounds by 84.5% UA,
esters by 26% UA, furans by 93% UA and ketones by 81.5% UA. In the
families of ethers and hydrocarbons however, there was an increase of
20% UA and 55.9% UA, respectively. The increase in hydrocarbons as a
result of the VSD technique was also observed in the deodorization of
fish sauce (9.4% UA) [46]. It should be noted that the compounds of
heptane, 2,4-dimethyl; hexane, 2,4,4-trimethyl- (hydrocarbons) and
tetrahydrofuran (furan) were eliminated from DPL after VSD deodor-
ization (Table 2).

3.3. Supercritical CO2 deodorization of dried pork liver

3.3.1. Impact on volatile organic compounds (VOCs)

The factors analyzed in SC-CO4 deodorization (temperature, pressure
and time) did not significantly (P < 0.05) affect the VOC content. Thus,
the statistical model evaluated fitted (R% <40%) the experimental results
poorly. Therefore, the average VOC values for the different experimental
conditions analyzed were considered. Thereby, as illustrated in Fig. 4,
SC-CO, deodorization resulted in the complete removal of halogen
compounds, and the following VOC families were greatly reduced if



Table 2

Profile of VOCs (UA = units area x 10°) in raw pork liver (RPL), dried pork liver (DPL) and dried pork deodorized by vacuum steam distillation (DPL-VSD) and supercritical CO5 (DPL-SCCO5).

COMPOUND RPL DPL DPL-VSD DPL- ODOUR COMPOUND RPL DPL DPL-VSD DPL- ODOR
SCCO, SCCO,
Acids Sulphur compounds
Acetic acid nda 120.78 9.19 5.96 sour, vinegar Dimethyl sulfide 5.62 + 2.70g nda nda nda cabbage, sulfur,
+ 24.87p +1.36 ¢ +0.71g gasoline
Propanoic acid nda 3.67 +£0.73 1.15 nda Carbonyl sulfide 0.56 + 0.34y 0.38 0.07 0.06
c +0.5g +0.08p +0.01 5 +0.03 5
Butanoic acid nda 14.04 0.84 0.20 cheese Dimethyl disulfide 0.02 + 0.01 2.95 0.51 0.91 onion, cabbage,
+ 3.48p +0.61 ¢ +0.01p A +0.91p +0.01g +0.12¢ putrid
Alcohols Acetamide nda 3.63 0.50 0.45
+1.12¢ +0.09 +0.15g
1-Propanol 0.59 nda nda nda Esters
+0.19g
Cyclopentanol 0.62 nda ndp nda Acetic acid, methyl ester nda 0.21 0.33 0.07
+ 0.225 + 0.08 ¢ +0.12 ¢ + 0.05g
2-Butanol, 2,3-dimethyl- 0.43 nda ndp nda Acetic acid ethenyl ester nda 2.07 0.04 0.89
+0.17g + 0.55p +0.01p +012¢
2-Pentanol, 2-methyl- 0.13 nda ndy nda Propanoic acid, ethyl 1.84 + 1.00g nda ndp ndp
+ 0.16g ester
Glycidol ndp 6.72 + 2.03 1.15 1.14 Formic acid, 2-propenyl nda 21.88 16.44 nda
c + 0.508 +0.10g ester +4.93g +0.74g
1-Propanol, 2-methyl- nda 0.17 + 0.06 0.03 nda Ethyl Acetate nda 0.73 1.62 0.32 pineapple
c +0.01g +0.32 ¢ + 0.04p +0.01p
1-Butanol 0.24 0.42 £+ 0.09 0.28 nda medicine, fruit,wine Ethers
+0.03g c +0.125¢
2-Propen-1-ol ndp 10.26 0.21 nda Dimethyl ether 71.91 2.55 3.06 8.14
+241 ¢ +0.01p +45.21 ¢ +0.75 A +0.61 5 +0.69p
1-Butanol, 3-methyl- 2.11 0.21 + 0.02 0.06 nda whiskey, malt, burnt Furanes
+1.77p c + 0.0p
1-Butanol, 2-methyl- 0.37 0.11 £ 0.01 0.04 nda malt, wine, onion Furan, 3-methyl- 0.07 + 0.04 0.74 0.15 0.25 mint
+0.12p c +0.01p A +0.19¢ +0.04 5 + 0.05g
1-Pentanol 0.53 5.71 £1.02 0.37 0.76 fruit, balsamic Tetrahydrofuran ndp 0.54 nda 0.04
+ 0.05g c +0.02 5 =+ 0.4558 +0.11 ¢ +0.03g
1-Butanol, 2,3-dimethyl- 0.06 nda nda nda Furan, 2-ethyl- 0.06 + 0.02g 0.93 0.14 ndp
+0.01p +0.17p + 0.04 ¢
(S)-(+)— 1,2-Propanediol nda 1.87 £ 0.25 1.18 nda 3(2 H)-Furanone, nda 0.44 0.02 1.20 caramel, sweet
c +0.07p dihydro-2-methyl- +0.06 ¢ +0.01p +0.18p
2,3-Butanediol 27.39 0.79 0.06 nda 3-Furanmethanol nda 2.42 0.06 nda
+19.07 ¢ +0.10g +0.03g +0.24 ¢ +0.01g
1-Pentanol, 2-methyl- 1.01 nda ndp nda pungent Ethanone, 1-(2-furanyl)- nda 0.96 0.05 nda
+ 0.66p +0.15¢ + 0.02g
1-Butanol, 3-methyl-, acetate 0.07 0.11 0.03 nda Hydrocarbures
+0.01 ¢ +0.02p +0.01g
1-Hexanol 3.79 0.86 0.13 0.09 resin, flower, green, Butane, 1-chloro- ndp 0.07 0.04 ndp
+0.94 ¢ +0.08g +0.02 5 +0.02 5 metallic +0.02 +0.02g
Phenylethyl Alcohol 1.07 nda ndp nda honey, spice, rose, Pentane nda 3.36 4.24 2.99 alkane
+0.03p lilac +0.68p +0.74g +1.09g
Ethanol, 2-butoxy- nda 0.41 +0.03 0.32 nda Pentane, 3-methyl- 0.16 +0.07¢  0.07 0.05 0.09
c +0.01g +0.01p +0.01 5 +0.02p¢
(S)-(+)— 5-Methyl-1-heptanol nda 0.46 0.02 0.10 Cyclopentane, methyl- 0.02 + 0.01y 0.12 0.04 ndp
+0.13p +0.01p +0.04 ¢ +0.08 ¢ +0.01 ¢
1-Octen-3-ol 3.16 53.01 4.95 nda mushroom Benzene, 1,3-dimethyl- nda nda nda 0.21
+0.71p +1.12¢ +1.22g +0.01p
Ethanol, 2,2’-oxybis- nda 0.37 0.42 nda Heptane, 3-methyl- ndp 1.10 0.20 nda
+ 0.06g5 + 0.04p +0.41 ¢ + 0.02g

(continued on next page)
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Table 2 (continued)

COMPOUND RPL DPL DPL-VSD DPL- ODOUR COMPOUND RPL DPL DPL-VSD DPL- ODOR
SCCO, SCCO-
Acids Sulphur compounds
1,2-Propanediol, 1-phenyl- nda 0.18 + 0.06 0.05 ndp Undecane ndp 0.63 0.44 0.38
c +0.01p +0.12 ¢ +0.15¢ + 0.03g
1-Nonanol nda 0.25 0.32 nda fatty, green Dodecane nda 0.83 0.05 0.23
+ 0.03g +0.01 ¢ +0.12p + 0.01g +0.11 ¢
1-Tetradecanol nda 0.15 0.21 nda coconut Cyclododecane nda nda nda 0.25
+0.02g +0.01 ¢ +0.01p
2,2,4-Trimethyl-1,3-pentanediol nda 0.55 0.34 nda Cyclopropane, pentyl- nda 0.45 0.03 nda
diisobutyrate =+ 0.06p + 0.04p +0.03 ¢ +0.01p
Aldehydes Octane nda 7.93 1.26 2.33
+1.25¢ +0.74g + 0.66p
Propanal 3.17 nda ndp nda solvent, pungent 2-Octene, (E)- 1.37 £0.97¢ nda nda 0.31
+1.07g +0.125
Propanal, 2-methyl- 1.39 8.69 + 2.21 5.22 2.01 smoke, fatty 3-Octene, (E)- 0.67 +£0.32¢ nda nda 0.16
+0.94 5 c +0.74p +1.12 4 +0.01p
Butanal 0.09 0.48 0.16 0.20 pungent, green Heptane, 2,4-dimethyl- 220+1.01¢ 0.01 nda ndp
+ 0.07 A +0.135 +0.05 5 +0.04 o + 0.01p
Butanal, 3-methyl- 15.57 17.38 16.66 7.12 malt Hexane, 2,4,4-trimethyl- nda 0.19 nda nda
+9.01ap +4.12p +3.97p +1.81 4 +0.02p
Butanal, 2-methyl- 19.04 30.55 23.66 9.63 cocoa, almond Heptane, 2,2,4,6,6- 333.45 15.59 58.10 35.63
+ 8.06a8 +6.54g +5.72p +1.16 o pentamethyl- +151.44p +1.02 5 +1.02¢ +1.95g
Pentanal 0.58 13.92 2.12 5.03 almond, malt, Decane ndp 0.39 14.85 ndp
+0.18 5 + 2.84p + 0.43g +1.19¢ pungent + 0.15g + 1.41¢
2-Butenal, 2-methyl- 1.72 1.58 £+ 0.51 0.37 0.14 green, fruit Nonane 0.31 £ 0.24g nda nda nda
+0.41 ¢ c +0.02p =+ 0.06 A
Hexanal 16.04 139.08 9.60 26.39 green, grassy, tallow, 2,2,4,4- 14.21 3.46 11.84 8.63
+ 4.33g + 16.80p + 2.04 5 +2.48 ¢ fatty Tetramethyloctane + 8.92g +0.26 5 + 0.84p + 0.33p
Heptanal 0.47 3.59 + 0.29 0.57 0.83 fatty, citrus, rancid, Undecane, 5,5-dimethyl- nda 0.83 1.95 1.57
+0.29 5 c +0.02 5 + 0.06p unpleasant + 0.41g + 0.06p + 0.05 ¢
(E)— 2-Nonenal 0.61 0.62 0.12 0.18 cardboard Undecane nda 0.63 0.44 0.38
+0.14g +0.12p +0.02 5 +0.09 A +0.23p +0.04g +0.02p
Benzaldehyde 9.05 nda ndp 0.70 almond, burnt sugar Decane, 2,3,6-trimethyl- nda 0.28 0.24 nda
+3.21 ¢ + 0.02p + 0.02 + 0.02g
2-Hexenal, 2-ethyl- nda 1.34 £ 0.10 0.06 nda Pentane, 3,3-diethyl- ndp 0.16 0.34 0.15
c + 0.02p +0.02p +0.04 ¢ +0.09g
2-Isopropyl-5-methylhex-2-enal 0.04 1.55 0.19 nda Undecane, 3-methylene- nda 0.17 0.32 ndp
+0.02p + 0.04p +0.02 ¢ +0.01p +0.12g
(E,E)— 2,4- Heptadienal 5.63 2.26 1.79 nda fishy Hexane, 3,3-dimethyl- nda 0.29 0.26 nda
+1.05¢ +0.778 +0.63p +0.01¢ +0.01p
Halogen compounds Nonane, 5-(1- nda 0.41 0.39 ndp
methylpropyl)- +0.12p +0.01p
Methane, oxybis [dichloro- 1.63 0.27 0.13 ndp Cyclododecane ndp 0.10 0.19 0.25
+0.99 ¢ + 0.08g + 0.04g + 0.01g +0.01 ¢ + 0.02p
Nitrogen compounds Benzene, 1,3-dimethyl- 0.16 + 0.05 13.94 0.94 0.21
A +1.66 ¢ +0.04g +0.02 5
Fumaronitrile nda 0.68 0.15 0.47 3-Ethyl-4-methyl-2- nda 2.14 0.32 nda
+ 0.08p + 0.04p + 0.06 ¢ pentene +0.78 ¢ + 0.06p
Tetraethyl ammonium fluoride nda 2.45 £+ 0.91 0.01 nda Trimethylene oxide nda 5.52 0.63 nda
c + 0.0 +1.48 ¢ +0.05g
Propane, 2-nitro- nda 0.81 + 0.20 0.21 nda Diazene, dimethyl- nda 2.88 0.30 ndp
c +0.02p +0.67 ¢ +0.02g
Pyridine, 2-methyl- nda 0.84 £+ 0.07 0.02 nda Borane, diethyl ndp nda nda 0.24
c + 0.00g (decyloxy) + 0.02g
Pyrazine, methyl- 0.09 41.90 1.24 nda popcorn 2-Methyl-1-butene nda 0.09 0.11 nda
+ 0.01p + 5.48p +0.11¢ + 0.04p +0.02p

(continued on next page)
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Table 2 (continued)

COMPOUND RPL DPL DPL-VSD DPL- ODOUR COMPOUND RPL DPL DPL-VSD DPL- ODOR
SCCO, SCCO,
Acids Sulphur compounds
Cyclopentanone, 2-methyl- ndp 0.25 £ 0.02 0.03 nda D-Limonene 4.25 +0.80 ¢ 0.55 0.59 nda
c +0.01p +0.07p +0.01p
2-Hexanone, 5-methyl- ndy 2.92 £+ 0.36 0.17 nda Ketones
c +0.02p
Pyrazine, 2,6-dimethyl- 0.14 49.36 2.21 0.86 cocoa, roasted nut, Acetone 13.43 13.87 3.56 10.02
+0.10 5 + 4.58p +0.24 ¢ + 0.09g roast beef, medicine + 7.41g + 3.62p +1.11 5 + 1.01g
Pyrazine, ethyl- nda 4.22 +£0.27 0.12 nda peanut butter, wood 2-Butanone 3.06 +£1.98 11.33 2.97 1.95 blue cheese
c +0.02p A +2.37p +1.05 4 +0.33 4
Pyrazine, 2,3-dimethyl- nda 2.53+0.17 0.09 nda 1-Penten-3-one ndp 5.52 0.02 0.31
c + 0.02p + 1.52p + 0.01p + 0.05 ¢
Pyrazine, 2-ethyl-6-methyl- 0.14 30.29 1.07 0.41 fruit, sweet 2-Pentanone 0.26 + 0.04g 0.36 0.09 0.10 butter, spicy,
+0.07 5 +0.79 ¢ + 0.55 +0.08y + 0.06p +0.01 5 +0.02 5 blue cheese
Pyrazine, trimethyl- ndy 11.23 0.33 0.14 roast, potato, must 3-Pentanone 0.29 + 0.04g 9.14 1.15 nda
+0.58p +0.12 ¢ +0.04p +2.31p +0.06 ¢
Pyrazine, 3-ethyl-2,5-dimethyl- 0.02 14.84 0.98 0.26 potato, roast 2,3-Pentanedione nda 5.97 0.14 0.80
+0.02 5 + 0.56p +0.02 ¢ +0.11p + 1.46p + 0.02g +0.03 ¢
Pyrazine, 3,5-diethyl-2-methyl- nda 3.10 £ 0.24 0.23 nda Methyl Isobutyl Ketone nda 0.95 0.15 nda
c + 0.06p +0.13 ¢ +0.02p
Pyrazine, 2,5-dimethyl-3-(2- 0.01 1.71 0.13 nda 2-Hexanone nda 0.28 0.04 0.11 ether, grape
methylpropyl)- + 0.00g + 0.25p +0.05 ¢ +0.03p +0.01p +0.01 ¢
2-Isoamyl-6-methylpyrazine nda 8.46 + 1.69 0.43 nda 2-Heptanone 0.35 + 0.01 16.73 1.31 0.97 soap, spicy and
c + 0.05g A + 1.80p +0.04 ¢ + 0.01g blue cheese
Ethanone, 1-(1 H-pyrrol-2-yl)- nda 1.02 +£ 0.27 0.06 nda Butyrolactone nda 2.82 0.56 ndp
c +0.01p +0.14 ¢ +0.04g
Pantolactone nda 6.09 +1.48 3.53 nda 5-Hexen-3-one nda 0.22 0.40 0.33
c +1.21 +0.045 +0.08 ¢ +0.09
2-Pyrrolidinone nda 0.96 + 0.31 0.23 nda 1-Octen-3-one 2.25 +1.23¢ 1.82 0.03 0.66 metallic
c +0.02p +0.14 ¢ +0.01 5 + 0.22g
2-Decanone nda 2.05 £+ 0.15 0.50 nda 3,5-Octadien-2-one nda 2.88 0.02 0.44
c + 0.02p + 0.10p + 0.01p + 0.04 ¢
2(4 H)-Benzofuranone, 5,6,7,7a-tet- ndp 0.31 0.14 nda Acetoin 192.49 0.05 1.54 0.02 butter, cream
rahydro-4,4,7a-trimethyl-, (R)- + 0.09g +0.09g + 67.46 ¢ +0.10 5 + 0.01g +0.01 5
Pyrazine 0.05 3.02 + 0.54 0.45 0.05 Cyclobutanone, 2,3,3- nda 2.17 0.20 0.22
+0.02 5 c +0.04p +0.01 5 trimethyl- +0.02 ¢ +0.01p +0.04g
Pyrolo [3,2-d] pyrimidin-2,4 nda 5.83 5.94 4.25 2-Heptanone, 6-methyl- ndp 1.22 1.75 1.12
(1 H,3 H)-dione +0.57g +0.74g +0.88p +0.04g +0.07 ¢ +0.31p
Methylamine, N,N-dimethyl- nda 30.10 4.72 13.54
+7.22p +0.71p +0.94 ¢

*Odour description obtained from database available on the web at https://www.flavornet.org/flavornet.html.

*nd, not detected.

Average values + LSD intervals are given (n = 5).

Different capital letters show homogeneous groups established from LSD

32 QY g

SSHOI (€20Z) 0 uonvzinn 0D fo [puinor



B. Abril et al.

45
40

w
o o

=RPL
mDPL

o

Content (% UA)
=N N W
(4] (&)

=
o

o o

& ) ¢ £ &
o ¢ & x© & & o &
TS &S G & & P
© cp‘(\ § oo‘(\ °
S N $ &
@ &
RN
S 9
VOCs families

Fig. 3. Content (% UA) of the main VOC families detected in raw pork liver
(RPL) and in dried pork liver (DPL).
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Fig. 4. Loss (% UA) of the main VOC families in dried pork liver (DPL) after
vacuum steam distillation (DPL-VSD) and supercritical CO, (DPL-SCCO3)
deodorization.

compared to DPL: acids by 95.6% UA, alcohols by 97.5% UA, aldehydes
by 76.4% UA, nitrogen compounds by 91.1% UA, sulphur compounds by
79.6% UA, esters by 94.9% UA, furans by 75.3% UA, hydrocarbons by
40.6% UA and ketones by 81.5% UA.

As for the reduction of sulphur compounds, Shimoda et al. [31]
carried out the SC-CO, deodorization of fish sauce and observed a
remarkable reduction in sulphur compounds, which could contribute to
the attenuation of the unpleasant odour produced by these compounds.
Specifically, dimethyl disulphide in fish sauce was reduced by 37% UA

Table 3
Proximate analysis of dried pork liver (DPL) and dried pork deodorized by
vacuum steam distillation (DPL-VSD) supercritical CO, (DPL-SCCO5).

Samples Moisture Protein Fat Ash
(%) (%) (%) (%)

DPL 277 +£0.18¢  73.18+£0.07g  19.33+0.10 2.69 + 0.21g

A

DPL-VSD 45.00 + 0.31 35.79 +£1.01 17.15+0.64g  2.29 + 0.4
A C

DPL- 3.56 £ 0.21g 75.71 £ 0.44 14.52 £ 0.70 5.02 £0.22

SCCO, A c A

%: chemical composition (moisture, protein, fat and ash) g / 100 g product.
Average values + LSD intervals are given.

Different capital letters show homogeneous groups established from LSD in-
tervals (p < 0.05) for moisture, protein, fat and ash content.
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when using SC-CO», while in the present study it was reduced by 69.2%
UA (from 2.95 to 0.91 UA) (Table 2).

As for the ketones, 2-butanone and 2-pentanone were efficiently
separated, and only 17.2% and 27.8% UA were found after the SC-CO4
deodorization, respectively (Table 2). A similar reduction was observed
in the deodorization of fish sauce, with a UA retention of 12% and 40%,
respectively, after the SC-CO, deodorization [31]. However, the UA in
dimethyl ether, the only ether compound, increased fourfold compared
to its value in DPL (from 2.55 to 8.14 UA) (Table 2), which could be
linked to the chemical reactions taking place in the SC-CO, medium.
Therefore, the high diffusivity of SC-CO, allowed its penetration
through the liver matrix and the dissolution of extractable soluble VOCs.
Also a small amount of compounds with low affinity for SC-CO; could be
washed out of the deodorization vessel. When the mixture of VOCs and
SC-CO, arrived to the separator tank, CO, turned to vapour and the
VOCs where retained in the active carbon, allowing the CO3 to be
recirculated to continue the deodorization process.

3.3.2. Chemical composition

As in the VOC analysis, no significant (P > 0.05) effect was found for
any of the factors (temperature, time and pressure) considered in the
Box Behnken design. Therefore, an average value for all the SC-CO,
treated samples was also considered and compared with DPL and DPL-
VSD (Table 3).

The fat content of the samples treated with SC-CO; was significantly
(P < 0.05) lower than in the untreated samples, decreasing from 19.33%
in DPL to 14.52% in DPL-SCCO,. SC-CO5 has been used for fat removal
in foods with a high protein content, as an alternative to other con-
ventional techniques using undesirable organic solvents [17]. Thus, it
has been used for the extraction of lipids in ground beef (39% lipids
extracted, 172 bar and 50°C) [47]. In bovine heart, the SC-CO, treat-
ment (at 40 MPa and 40°C) reduced the fat content from 154.22 to
9.87 g/kg [48]. In the case of lamb meat, SC-CO4 (45°C, 500 bar, 3 mL
CO2/min) allowed the initial fat content to be reduced by 87.4% [49].
Compared to these previous results, the fat content reduction in the DPL
treated by SC-CO, was smaller (24.9%) than in the analyses mentioned
above. This could be linked to the experimental conditions employed
and probably to the flow rate and extraction time used in the present
study, which were not optimum for fat removal purposes.

As a result of the fat content reduction in the DPL-SCCO,, the content
of the rest of the components was different from that in DPL and DPL-
VSD (Table 3). Thus, the protein content increased from 73.18% in
DPL to 75.71% in DPL-SCCO,. However, in DPL-VSD, the protein con-
tent was significantly lower (35.79%), mainly due to the increase in
moisture (45.0%), caused by water adsorption during VSD, in compar-
ison to DPL (2.77%) and DPL- SCCO, (3.56%). VSD would require
further drying in order to reduce its moisture content to values close to
DPL. As for the ash content, there were no significant differences
(P < 0.05) between DPL and DPL-VSD (2.69% in DPL and 2.29% in DPL-
VSD); however, in DPL-SCCO,, the ash content increased by 5.02%.

3.4. Comparison between vacuum steam distillation and supercritical CO2
deodorization techniques

If the two deodorization techniques are compared, SC-CO, allowed
for the complete removal of a greater number of VOCs than VSD, as
illustrated in Table 2. In addition, some VOC families presented a greater
% loss after SC-CO, deodorization than the sample deodorized by VSD:
acids (3.6% UA), alcohols (9.8% UA), aldehydes (3.8% UA), haloge-
nated compounds (48.2% UA), nitrogenous compounds (1.3% UA), es-
ters (69.9% UA) and hydrocarbons (40.6% UA). Otherwise, VSD was
more effective at reducing sulphur compounds, presenting a greater %
loss than the sample deodorized by SC-CO; (4.9% UA), furans (17.7%
UA) and ketones (4.1% UA) (Fig. 4). However, neither of the two
techniques was able to reduce dimethyl ether, whose content increased
after the deodorization processes compared to DPL (20% UA in DPL-VSD
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and 219.2% UA in DPL- SCCO5).

Both techniques, VSD and SC-CO,, led to a relevant modification of
the dried pork liver off-flavour (Table 2). SC-CO, treatment removed 3
characteristic compounds from the typical odour of pork liver, unlike
VSD: 1-octen-3-ol, characteristic of the mushroom odour, 1-nonanol, a
compound attributed to a fatty, green odour, and the (E,E)— 2,4-hep-
tadienal with a fishy odour. However, after SC-CO, deodorization,
benzaldehyde was formed, a compound that had been eliminated by
drying. This compound is attributed to the almond odour. In this sense,
the content of the almond-like odour characteristic of pentanal was
137.3% UA higher and that of 2-methylbutanal was 59.3% UA lower in
SC-CO2 deodorization, compared to deodorization by VSD. In relation to
the cardboard odour, (E)— 2-nonenal content was 50% UA higher
compared to DPL-VSD. Regarding the fatty odour, typical of hexanal and
heptanal, its content after deodorization by SC-CO5 was 174.9% UA and
45.6% UA, higher, respectively, compared to DPL-VSD; however, the
propanal 2-methyl content was 61.5% UA lower. Finally, as regards the
nature aroma (green odour), the VOC content of 1-hexanol, and 2-bute-
nal-2-methyl-, was 30.8% UA and 62.2% UA lower, respectively using
SC-COs, if compared to VSD. However, the butenal and hexanal content
after SC-CO, deodorization was 25% and 174.9% UA higher, respec-
tively, than in VSD. In this regard, high levels of hexanal can be asso-
ciated with a rancid off-flavour, while low levels of hexanal have been
associated with a green and nature aromatic note [50]. Therefore, after
the application of SC-CO,, the typical metallic and fishy odours [6,44]
were reduced to metallic, leaving the pork liver without a fishy odour.
The effect of VSD and SC-CO, treatment on the deodorization of meat
products has not been previously addressed.

4. Conclusions

Deodorization by vacuum steam distillation (VSD) and supercritical
CO4 (SC-CO3) have proven to be reliable techniques for the reduction
and removal of VOCs in dried pork liver. The VSD showed more affinity
to eliminate or reduce the content of sulphur compounds, furans and
ketones, while SC-CO2 showed a higher capacity for the elimination or
reduction of acids, alcohols, aldehydes, halogenated compounds,
nitrogenous compounds, esters and hydrocarbons. Thereby, it has been
demonstrated that compounds responsible for the liver off-flavour, such
as (E,E)- 2,4-heptadienal (fishy), 1-octen-3-ol (mushroom) and 1-nona-
nol (fatty and green), can be efficiently removed by SC-CO,. More-
over, it should be noted that SC-CO- led to a remarkable reduction in fat
and a slight reduction in the moisture content compared to dried pork
liver. Thus, further studies should assess the cost of SC-CO5 deodoriza-
tion in order to both evaluate its implementation in the industrial re-
covery of pork liver proteins or in protein isolates as a strategy to
mitigate undesirable flavours, as well as look at its potential application
in other matrices.
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