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Abstract:Silver carpisaoneofthemostimportantfreshwater fishspeciesin China,andispopularwhen makingsoupinthe
Chinese dietary culture. In order to investigate the profile of fish soup tastes and flavours cooked using different regions
ofthesamefish, thesilver carpwascutintofourdifferentregions:head,back,abdomen,andtail. Thedifferencesintasteand
flavour of the four kinds of homemade fish soup were investigated by an electronic nose and electronic tongue. The basic
chemical components of the different fish regions and the SDS-PAGE profile of the fish soup samples were investigated.
Two chemometrics methods (principal component analysis and discriminant factor analysis) were used to classify
the odour and taste of the fish soup samples. The results showed that the electronic tongue and nose performed
outstandingly in discriminating the four fish soups even though the samples were made from different regions of the
same fish. The taste and flavour information of different regions of the silver carp fish could provide the theoretical
basis for food intensive processing.

Keywords: fish soup; principal component analysis; discriminant factor analysis

Fish is a healthy food with excellent nutritional val-
ues, and provides high quality protein which is easily
digestible and absorbable. As one of the most important
protein sources in the world, it complements the die-
tary protein provided by cereals and legumes which are
typically consumed in many developing countries. Sil-
ver carp (Hypophthalmichthys molitrix) has been inten-
sively cultured and it is the second largest commercial
fishery in China (Jia et al. 2013). It plays a very impor-
tant role in providing protein sources due to its large
annual production and relatively low cost (Maitena et

al. 2004). Furthermore, silver carp is generally regarded
as a popular food source for a healthy diet or process-
ing surimi products (Fan et al. 2008; Fan et al. 2009;
Zhou et al. 2016). Based on regular Chinese appetites,
cooking fish soup is the most favoured style when
preparing meals for most families, except when fried,
steamed, boiled or grilled. Research shows that about
60% of Chinese households drink soup every day,
an equivalent of about 500 million bowls of soup per
day. Similar to China, many other countries generally
have a dietary habit of drinking soup. Each country
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has its own special “soups’, such as borscht in Rus-
sia, curry beef soup in United States, and cold soup
in Spain, etc. (Sdnchez-Moreno et al. 2005; Elez-Mar-
tinez et al. 2007; Rui et al. 2009; national standard of the
People’s Republic of China (GB 5009.5-2010). In China,
consumers believe that fish soup has many essential
nutrients which can improve or increase human body
immune responses. Based on different dietary patterns
and appetites, traditional families boil fish soup using
different regions of the fish, such as the head, abdomen
and tail. Both the taste and the flavour are very impor-
tant factors that determine the quality of the fish soup.
There are various approaches used to analyse the taste
and flavour of fish soup, such as the spirit chromatogra-
phy, gas chromatography (GC), liquid chromatography
(LC) and solid phase micro-extraction (Fontanals et al.
2007; Iglesias et al. 2009; Selli et al. 2009) and GC or LC
coupled with mass spectrometry (GC/MS or LC/MS).

In recent years, the electronic nose and tongue have
mainly been used to analyse and identify the flavour
and taste of different foodstuffs. The electronic nose
can mimic the sense of smell in mammals, and acts
as a very effective way for exploring the major char-
acteristics of flavour profiles of foodstuff (Yang et al.
2016). The electronic tongue is considered as a prom-
ising approach that can simulate the human sense
of taste for foodstuff analysis, and could obtain further
comprehensive information about the analysed object
(Yu et al. 2015). The electronic nose and tongue have
been successfully applied to the recognition of fea-
tures and properties of various foodstuffs based on
the whole flavour or taste profile information, such
as food freshness (Funazaki et al. 1995; Hammond
et al. 2002), fruits (Radi et al. 2016; Sanaeifar et al.
2016), vegetables (Berna et al. 2005; Gémez et al. 2006;
Yin et al. 2007), beverages (Hu et al. 2016; Nery et al.
2016), edible oil (Cosio et al. 2006; Ghasemi-Varnam-
khasti, 2016; Xu et al. 2016), etc.

In the present study, the flavour and taste character-
istics of four kinds of fish soups cooked with different
regions of the same fish (head, back, abdomen, and tail)
were investigated. Biomimetic sensor devices, an elec-
tronic nose and electronic tongue were used to explore
the flavour and taste profiles of the fish soups, respec-
tively. Two data dimensionality reduction algorithms,
principal component analysis (PCA) (Branca et al.
2003; Garcia et al. 2003; Lee et al. 2003) and discrimi-
nant factor analysis (DFA) (Lippolis et al. 2015; Kiani
et al. 2016) were used to discriminate these four kinds
of fish soup samples. Meanwhile, the proximate compo-
sitions of different regions of the fish were determined,

and the differences among soluble proteins of the four
samples were identified using Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE).

MATERIAL AND METHODS

Materials and reagents

Live silver carp (Hypophthalmichthys molitrix, ~1 kg)
were purchased from a local market in Huazhong Agri-
cultural University and taken to the laboratory in a plas-
tic bag within 15 min. The silver carp was supplied
scaled, gutted and washed with tap water several times,
then the whole fish body was divided into four portions
(head, back, abdomen, and tail). This study was carried
out with two batches of fish purchased at one-week in-
tervals. Each batch included three fish, and a total of six
silver carp were used for the whole study. All chemicals
used were analytical grade.

Preparation of fish soup samples

With a ratio of 1:4 (fish : water), different regions of
a fish as mentioned before were directly cooked and
boiled for 1.5 h on weak fire. Then the fish soup was
gradually cooled down to room temperature. Four
different kinds of fish soup samples were collected
into 50 mL polypropylene centrifugal tubes and three
parallel samples from each region of the fish were
separated. The total of 12 samples were centrifuged
(3 200 g) for 15 min. The upper oil film was removed
with a syringe, and the consomme fish soup was left.
All the samples were stored in a refrigerator at —80 °C
for further analysis.

Chemical components analysis

Moisture content. The determination of moisture
content was calculated according to the national stan-
dard of the People’s Republic of China (GB/T 5009.3-
2010). Briefly, the fish soup sample was directly dried
at 101-105 °C, and the dried sample weighted and
the moisture content calculated.

Fat content. The fat content was determined ac-
cording to the measurement of the People’s Republic
of China national standards (GB/T 5009.6-2003). Brief-
ly, the fish soup sample (10.0 mL) was hydrolysed with
hydrochloric acid (10.0 mL). Then, the sample was ex-
tracted with acetic ether, and the quantity after elimi-
nating the solvent was the total free and combined fat.

Ash content. The determination of ash content com-
plied with the measurement of the People’s Repub-
lic of China national standards (GB 5009.4-2010).
Briefly, the fish soup sample (5.0 mL) was initially
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dried in a crucible on a water bath. The crucible with
the dried sample was placed on an electric hot plate
with low heat until the substance carbonized without
smoke. Then the crucible was transferred to a muftle
furnace for heating (550 + 25 °C, 4 h). When it cooled
to 200 °C, it was transferred to a desiccator for 30 min.
If there were any carbon particles in the residues, then
a few drops of water were added and the above steps
repeated until there were no carbon particles left. Then
the ash content was calculated.

Protein content. The protein content was measured
according to the Kjeldahl method following the na-
tional standard of the People’s Republic of China
(GB 5009.5-2010). Briefly, the fish sample was heated
and catalytically digested, the protein was decom-
posed into ammonia, which reacts with sulfuric acid
into ammonium sulfate. The ammonia was released
by distilling the ammonium sulfate in an alkali solu-
tion, and absorbed in boric acid. Then it was titrated
with standard sulfuric acid solution. The protein
content was calculated by multiplying the volume
of the titrant by the conversion factor.

SDS-PAGE

The SDS-PAGE method was determined according
to the protocol (Fritz et al. 1989), and the parameters
were set as following: separating gel concentration, 10%;
concentration of the concentrated gum, 5%; and 10 puL
samples. The voltage of electrophoretic conditions was
set as following: Initial voltage 65 v, when the bromo-
phenol blue migrated into the separating glue; increased
to 90 v, when the dye tracer arrived at about 1 cm from
separation with upper rubber soles, stopped the electro-
phoresis. The gel was stained with coomassie blue R-250
(w/v, 0.1%) in acetic acid (10%) and methanol (45%),
destained overnight with gentle shaking in a solution
of acetic acid (10%) and methanol (10%).

Electronic nose analysis

The volatile components in the headspace of the fish soup
samples were detected by the commercial FOX4000 sensor
array system (Alpha MOS., Toulouse, France) to distin-
guish the dissimilarity between the flavour profiles of the
four samples. The electronic nose sensor array consists
of an auto-sampling apparatus, a detector unit containing
18 metal oxide sensors (MOS), and a pattern recognition
software for data recording and interpretation (Song et al.
2010). Three types of sensors (LY2-type, T-type and P-
type) comprised the whole detector system which was lo-
cated in three temperature-controlled chambers. Sensor
chamber CL (High Performance Controlled in tempera-
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ture) LY2/LG, LY2/G, LY2/AA, LY2/GH, LY2/gCTL, LY2/
gCT; Sensor chamber A (High Performance Controlled
in temperature) T30/1, P10/1, P10/2, P40/1, T70/2, PA/2;
Sensor chamber B (High Performance Controlled in tem-
perature) P30/1, P40/2, P30/2, T40/2, T40/1, TA/2. The ref-
erence gas was filtered and dried air, with a purity quotient
N99.999%. The pattern recognition software for data re-
cording and interpretation was performed by the Alpha
Soft 11.0 software (Alpha MOS, Toulouse, France).

Fish soup samples (2 mL) from different fish regions
were loaded into 5 mL glass vessels and immediately sealed
with a metal screw lid. Each vessel was first equilibrated
to 60 °C for 600 s before injection, and then 2 500 pL
of the headspace gas was injected into the sensor chamber
at2500 uL s, Filtered and dried air (purity > 99.999%) was
introduced as a carrier gas at a flow rate of 150 mL min~!
for electronic nose detection. The data acquisition pe-
riod lasted for 120 s, and the delay time (about 300 s)
was required for system recovery. For each sample,
electronic nose detection was repeated five times under
the same conditions.

Electronic tongue analysis

In order to identify the taste properties of dif-
ferent fish soups, a commercial electronic tongue
a-ASTREE II Liquid Taste Analyser (Alpha MOS.,
Toulouse, France) was introduced in the current
study. It is comprised of seven potentiometric sen-
sors (ZZ, JE, BB, CA, GA, HA, JB by the Alpha MOS
company), a reference electrode of Ag/AgCl, a me-
chanical stirrer to mix up samples, a 48-position
auto-sampler (25 mL glass sample vials), an interface
electronic module for signal amplification and an an-
alog for digital conversion.

Every fish soup sample was centrifuged at 4 000 rpm
for 15 min, and the upper oily film was removed. Clear
fish soup (80 mL) was analysed five times by the elec-
tronic tongue and each analysis cycle lasted for 120 s.
Prior to each analysis cycle, the sensors were firstly
rinsed with deionized water, and then NaCl and sodium
glutamate calibration solution (0.01 mol L") were used
as reference samples to monitor and correct the drift
of sensors for 120 s, respectively.

Statistical analysis

All statistical analyses were performed using SPSS
version 19.0 (SPSS Inc., Chicago, USA). The differ-
ences among the flavours and taste profiles of the four
fish soup samples were analysed using PCA and DFA.
All graphs were drawn using the Origin 8.5 (Origin-
Lab Corp., Hampton, USA).



Czech Journal of Food Sciences, 38, 2020 (2): 84—-93

Original Paper

https://doi.org/10.17221/103/2018-CJES

821
1.47
s [ | '\ N 121 [ /I T
o ) T %/
é "\ < 1.01
2 784 < %
= 0.84
76 ]
0.61
Head Back Abdomen  Tail Head Back  Abdomen Tail
20 - 2.0
. T
I I
18 i § T 1.8 T
PSS ‘ : 1 T I
(=] ) A T
g 1l & 1.6
o 164 oo S s =
= o %o K R -
~ L Sotets 1.4-
o < 1
14 4 2% 4
elel 005 X : 1.2-
,/i’\ >§( ¢ S CSCA LS 4
12 | — T T T T T 1.0 T T T T T T T
Head Back Abdomen  Tail Head Back Abdomen  Tail

Figure 1. Basic chemical components (moisture, ash, protein, and fat) of different regions of the silver carp (head,

back, abdomen, tail)
RESULTS AND DISCUSSION

Chemical compositions of the four different regions
of fresh silver carp fish

The contents of four basic components (moisture, ash,
fat, and protein) in different kinds of fish regions were
determined (Figure 1). From Figure 1, it can be seen that
the contents of moisture, ash and protein are highest
in the fish head and lowest in the fish abdomen, while
the content in the fish back is similar to that in the tail.
Furthermore, the amount of fat is highest in the fish ab-
domen, whereas the other three regions of silver carp
fish (tail, back, and head) were on the decrease.

SDS-PAGE analysis for soluble proteins

In general, the component fractions of fish protein
can be divided into three categories, sarcoplasmic pro-
teins, myofibrillar protein and connective tissue protein.
Sarcoplasmic protein is soluble in water, dilutes in salt
solution, and comprises about 20% to 30% of the to-
tal protein. The myofibrillar protein constitutes 50%
to 55% of the total protein (Foegeding et al. 2002). Col-

lagen is the main component of connective tissue pro-
tein making up about 25% of the total proteins (Sikor-
ski et al. 1990). For fish, some of the flavour and taste
substances come from solubleproteins which dissolve

Marker Head Back Abdomen Tail
250 g
150 w——— o=
[ar)
@ 75— *
50 e
37 —— G
D5 —

Figure 2. The SDS-PAGE profile of four kinds of fish soup
samples made from different regions of the silver carp fish
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in water. Meanwhile, the characteristics of molecular
distribution of proteins determine a different composi-
tion of flavours and tastes, especially for fish. The mo-
lecular distribution profile of soluble proteins dissolved
in fish soup samples were investigated using the SDS-
PAGE. The results of the SDS-PAGE analysis for four
different kinds of fish soups are shown in Figure 2.
The molecular weights of proteins dissolved in those
four different fish soups are between 10-250 kDa.

As can be seen in Figure 2, the electrophoretic profile
shows that, the characteristics of the soluble protein
molecular size of the silver carp fish head soup are dif-
ferent from those of the other three kinds of soup. Low
molecular weight bands at 38 kDa and 25 kDa are rela-
tively intensive in the profile of protein from the fish
head soup, two faint bands appeared at 150 kDa and
28 kDa. Four clearly observed bands were located
at 250 kDa, 150 kDa, 38 kDa, and 25 kDa in the fish
back, fish abdomen and fish tail soup, respectively.

In the fish back soup, fish abdomen soup and fish
tail soup, the appearance of the high molecular weight
band (250 kDa) could be responsible for the formation
of protein which aggregated in the course of cooking
the samples due to protein cross-linking. In the fish

0.6

Signal value (mA)

https://doi.org/10.17221/103/2018-CJES

head soup, the low molecular weight band (28 kDa)
might have been released by original collagen poly-
peptides from the fish head into the aqueous soup
during the cooking process, as the connective tissue
degrades readily during cooking. Along with bones,
scales, skin, fins, etc., the fish head is usually discard-
ed as inedible, however, in some Asian countries such
as China, it is preferred and used to make fish soup
as it provides better taste and nutritional value. Unique
profiles of protein polypeptides in the fish head soup
mean that protein hydrolysates (amino acids and pep-
tides) might be different compared with those of oth-
ers, which could result in different flavours.

Electronic nose analysis

Response signals of electronic nose sensors. The fla-
vour characteristics of the four kinds of silver carp
fish soups were determined by the eighteen metal ox-
ide sensory panelists (LY2/LG, LY2/G, LY2/AA, LY2/
GH, LY2/gCTL, LY2/gCT, T30/1, P10/1, P10/2, P40/1,
T70/2,PA/2,P30/1,P40/2, P30/2, T40/2, T40/1, TA/2).
The corresponding intensity values of each sensor are
shown in Figure 3. As it can be seen in Figure 3, each
different sensor shows different responses when ex-

- Head
- Tail
- Back
- Abdomen

o va&xx%x S VD O
Sl F &R Q\Q\Q\Q\ SFNENFNINFNN
\»@\”@w@\@\ \QS’@,\%& SEEAT TS
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3
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Figure 3. Responses of the flavour sensors of the electronic nose for the four different silver carp fish soup samples

88



Czech Journal of Food Sciences, 38, 2020 (2): 84—-93

Original Paper

https://doi.org/10.17221/103/2018-CJES

posed to headspace volatiles emitted from fish soups.
Obviously, LY2 type sensors mainly displayed negative
values except LY2/LG, which is sensitive to aldehydes.
The max negative values were observed for LY2/AA,
that is generally sensitive to alcohol, acetone and am-
monia (Yu et al. 2012). The majority of positive values
responded to the sensors including P-types and T-types.
The two maximum positive values were generated
by P10/1 and P40/1 sensors, volatile hydrocarbons and
aromatic compounds were easily methane and ethane
captured by P10/1 and P40/1, respectively. Among
the 18 intensities of metal sensors, no significant dif-
ference among the four kinds of fish soup samples was
observed in P10/1, P10/2, P40/1, TA/2 and LY2/gCT,
but in the others. That means the flavours of different
fish soup samples including hydrocarbons, methane,
and some aromatic compounds were very similar, and
were detected by the electronic nose.

Results of PCA and DFA analysis. In order to ex-
plore the inner properties which underlie the multiple
dimensional data spaces, two effective dimensional
reduction algorithms, principal component analysis
and discriminant factor analysis were used to consider
the response signals of the electronic nose (Guadar-
rama et al. 2001; Lippolis et al. 2015). The PCA plot is
demonstrated in Figure 4 (containing points in total,
5 points per group, and different groups are marked
with different colours). The total contribution variance
of the first principal component (PC1) and the second
principal component (PC2) is 86.153%, which means
that the first two PCs already contained sufficient in-
formation to reflect the total variance of the whole
dataset. As shown in Figure 4, the four kinds of fish
soup samples are discriminable, and there is no over-
lap in the 2D space. The distance between each group
is far, indicating that the odours of the different fish
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Figure 4. Two-dimensional PCA plot performed on electronic nose data about the different fish soup samples made

from different regions of the silver fish

PCA - principal component analysis; PC1 — the first principal component; PC2 — the second principal component
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Figure 5. The DFA loading plot obtained from electronic nose data of the four different fish soup samples made from

different regions of the silver fish

DFA - discriminant factor analysis; DF1 — the first discriminant factor; DF2 — the second discriminant factor
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soups are completely dissimilar. Therefore, the four
fish soups, made from different regions of the silver
carp fish, showed their own unique flavour properties,
using the electronic nose equipment.

Furthermore, a supervised statistical method named
discriminant factorial analysis (DFA) was used to make
more reliable recognitions for different fish soup sam-
ples. DFA is a technology used to combine the sensor
data by re-differentiation. A DFA score plot (Figure 5),
with 99.6% of the total explained variance, was devel-
oped to evaluate the flavour differences between four
kinds of fish soups. The DFA results showed that the
samples were scattered in the four quadrants in the whole
2D space, head samples were mainly grouped in the first
quadrant, tail samples in the second quadrant, back sam-
ples were distributed in the third quadrant and abdomen
samples were clustered in the fourth quadrant of the score
plot (Figure 5). More importantly, compared to results
from the PCA and DFA, both showed that volatile pro-
files in the headspace emitted from the four fish soup
samples were completely different, particularly as the
DFA exhibited a more precise discrimination. These
data demonstrate that the electronic nose could be
used to discriminate the flavours of different regions
of a silver carp fish.

Electronic tongue analysis

Response signals of electronic tongue sensors. The taste
substance profiles of the four kinds of silver carp fish
soups were investigated using the electronic tongue.
The average values [means + standard deviation (SD)]
of intensity measured with 7 liquid cross-sensitive sen-
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sors (ZZ, JE, BB, CA, GA, HA, and JB) are presented
in Figure 6. From Figure 6, it can be observed that each
sensor gave a different intensity based on the sensitiv-
ity of the sensors to the taste properties in fish soup
samples. On the whole, most of sensors did not show
any significant difference except for sensors CA and
BB. That means sensors CA and BB have the capability
to identify the taste of four kinds of fish soup samples
made from different regions of a silver carp fish body.
According to previous research (Maitena et al. 2004;
Fan et al. 2008; Jia et al. 2013), both sensors BB and
CA are very sensitive to sweet and acid substances, but
the other sensors including CA, HA, JB and BA are
only sensitive to acid. That means the different kinds
of fish soup samples showed significant differences on
sweet characteristics.

Results of PCA and DFA analysis. In fact, a wide ar-
ray of redundant information of electronic tongue
outcomes occur due to taste sensors that are partially
cross-sensitive. Most of the redundant information
would confuse the discrimination of models. PCA was
used to reduce the dimensions of the intensities of sev-
en taste sensors by dropping unnecessary data infor-
mation, in order to simplify the data analysis process
of analysing the problem. The 2D PCA plot is shown
in Figure 7 (containing points in total, 5 points per
group, and different groups are marked by different co-
lours). The total contribution variance of the first prin-
cipal components (PC1) and the second principal com-
ponents (PC2) is 94.471%, indicating that the first two
PCs already contained sufficient information that re-
flect the total variance of the whole dataset. As shown

B Head
B 1ail
[ Back

I Abdomen
T T T

77 JE BB CA

Sensors

GA HA B

Figure 6. Responses of the taste sensors of the electronic tongue for the four different silver carp fish soup samples
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Figure 7. Two-dimensional PCA plot performed on the electronic tongue data about the different fish soup samples

made from different regions of the silver fish

PCA - principal component analysis; PC1 —the first principal component; PC2 — the second principal component
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Figure 8. The DFA loading plot obtained from the electronic tongue data of the four different fish soups samples made

from different regions of the silver fish

DFA - discriminant factor analysis; DF1 — the first discriminant factor; DF2 — the second discriminant factor

in Figure 7, the four kinds of fish soup samples are clus-
tered together except for the fish head region, and there
is so much overlap in the 2D space of the first two PCs.
The distance between each group is very close, suggest-
ing that the taste of different fish soups sourced from
the silver carp fish regions (back, abdomen and tail) are
very similar as detected by the electronic tongue.
Furthermore, a more accurate method, the discrimi-
nant factorial analysis (DFA) was used to distinguish
the differences in taste of four kinds of fish soup sam-
ples. DFA is a technology that combines the sensor
data by re-differentiation. A DFA score plot (Figure 8),
with 99.75% of the total variance, was developed
to evaluate the differences in taste between four fish
soup samples. DFA results showed that the four kinds
of fish soup were scattered in four quadrants in the
whole 2D space. The head samples were grouped

in the centre of the first and fourth quadrants, clearly
showing the location on the positive x-axis; tail sam-
ples were mainly grouped in the second quadrant;
back samples were clustered in the third quadrant; ab-
domen samples were distributed on the negative x-ax-
is of the score plot (Figure 8). It is clear to see that the
distance between different groups was very significant,
there was no overlap in the DFA 2D space. Compared
to the results of the PCA approach, the supervised sta-
tistical method DFA had better recognition capability
on the tastes of the different kinds of fish soups.

CONCLUSION

In this study, an electronic nose and electronic
tongue were used to explore the flavour and taste pro-
files in four kinds of silver carp fish soups. The exper-
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imental results showed that the electronic nose and
tongue have a high capability for discriminating differ-
ent fish soups, even fish soups made from different re-
gions of the same fish body. Two-dimension reduction
methods PCA and DFA gave a well-defined separation
or cluster of the four groups in the 2D space. After data
analysis, the performance of the PCA was very good
in identifying the flavours of the four different fish
soup samples, however the results for tastes was not
so good. The supervised method DFA was more supe-
rior in distinguishing both the favour and taste of the
fish soup, the recognition accuracy of DFA was better
than that of PCA. Through the determination of four
chemical components (moisture, ash, protein, and fat)
from different regions of the silver carp fish, there were
few differences shown based on the results of the ap-
proximate analysis. The molecular weight distribution
of protein which dissolved in the fish soup was inves-
tigated using SDS-PAGE, the different molecular size
profiles of the four regions showed that protein hydrol-
ysis was the main contributor to the flavours and tastes
of fish soups. According to these results, the electronic
tongue and electronic nose combined with the chemo-
metric methods (PCA and DFA) were good at rapid
discrimination of the fish soups sourced from different
regions of the silver carp fish. In addition, the taste and
flavour information of different regions of the silver
carp fish could provide the theoretical basis for food
intensive processing.

REFERENCES

Berna A.Z., Buysens S., Natale C.D., Griin I.U., Lammertyn .,
Nicolai B.M. (2005): Relating sensory analysis with elec-
tronic nose and headspace fingerprint MS for tomato
aroma profiling. Postharvest Biology and Technology,
36: 143—-155.

Branca A., Simonian P, Ferrante M., Novas E., Negri R.M.N.
(2003): Electronic nose based discrimination of a perfumery
compound in a fragrance. Sensors and Actuators B Chemi-
cal, 92: 222-227.

Cosio M.S., Ballabio D., Benedetti S., Gigliotti C. (2006):
Geographical origin and authentication of extra virgin olive
oils by an electronic nose in combination with artificial
neural networks. Analytica Chimica Acta, 567: 202-210.

Elez-Martinez P., Martin-Belloso O. (2007): Effects of high
intensity pulsed electric field processing conditions on vi-
tamin C and antioxidant capacity of orange juice and gazpa-
cho, a cold vegetable soup. Food Chemistry, 102: 201-209.

Fan W., Chi Y., Zhang S. (2008): The use of tea polyphenol
dip to extend the shelf life of silver carp (Hypophthal-

92

https://doi.org/10.17221/103/2018-CJES

micthys molitrix) during storage in ice. Food Chemistry,
108: 148-153.

Fan W., SunJ., Chen Y, Jian Q., Yan Z., Chi Y. (2009): Effects
of chitosan coating on quality and shelf life of silver carp
during frozen storage. Food Chemistry, 115: 66—70.

Foegeding E.A., Dayton W.R., Allen C.E. (2002): Evalua-
tion of molecular interactions in myosin, fibrinogen, and
myosin-fibrinogen gels. Journal of Agricultural and Food
Chemistry, 35: 559-563.

Fontanals N., Marcé R.M., Borrull F. (2007): New materials
in sorptive extraction techniques for polar compounds.
Journal of Chromatography A, 1152: 14-31.

Fritz J.D., Swartz D.R., Greaser M.L. (1989): Factors affect-
ing polyacrylamide gel electrophoresis and electroblotting
of high-molecular-weight myofibrillar proteins myofibrillar
proteins. Analytical Biochemistry, 180: 205-210.

Funazaki N., Hemmi A, Ito S., Asano Y,, Yano Y., Miura N.,
Yamazoe N. (1995): Application of semiconductor gas sen-
sor to quality control of meat freshness in food industry.
Sensors and Actuators B Chemical, 25: 797-800.

Goémez A.H., Hu G., Wang J., Pereira A.G. (2006): Evaluation
of tomato maturity by electronic nose. Computers & Elec-
tronics in Agriculture, 54: 44—52.

Garcia A M., Horrillo M.C., Santos J.P,, Aleixandre M., Sayago I.,
Ferndndez M.]., Arés L., Gutiérrez J. (2003): Artificial olfac-
tory system for the classification of Iberian hams. Sensors
and Actuators B Chemical, 96: 621-629.

Apetrei C., Ghasemi-Varnamkhasti M., Apetrei .M. (2016)
Olive Oil and Combined Electronic Nose and Tongue. In
(Chapter 27) : Méndez M.L.R. (ed.) Electronic Noses and
Tongues in Food Science: Academic Press, USA: 277-289.

Guadarrama A., Rodriguez-Méndez M.L., Sanz C., Rios J.L.,
Saja J.A.D. (2001): Electronic nose based on conducting
polymers for the quality control of the olive oil aroma:
Discrimination of quality, variety of olive and geographic
origin. Analytica Chimica Acta, 432: 283-292.

Hammond J., Marquis B., Michaels R., Oickle B., Segee B.,
Vetelino J., Bushway A., Camire M.E., Davis-Dentici K.
(2002): A semiconducting metal-oxide array for monitor-
ing fish freshness. Sensors and Actuators B Chemical, 84:
113-122.

HuZ., LiX., Wang H., Niu C., Yuan Y., Yue T. (2016): A novel
method to quantify the activity of alcohol acetyltransfer-
ase using a SnO,-based sensor of electronic nose. Food
Chemistry, 203: 498-504.

Iglesias J., Medina I., Bianchi F., Careri M., Mangia A.,
Musci M. (2009): Study of the volatile compounds use-
ful for the characterisation of fresh and frozen-thawed
cultured gilthead sea bream fish by solid-phase microex-
traction gas chromatography — mass spectrometry. Food
Chemistry, 115: 1473-1478.



Czech Journal of Food Sciences, 38, 2020 (2): 84—-93

Original Paper

https://doi.org/10.17221/103/2018-CJES

Jia P, Zhang W., Liu Q. (2013): Lake fisheries in China: Chal-
lenges and opportunities. Fisheries Research, 140: 66-72.

Kiani S., Minaei S., Ghasemi-Varnamkhasti M. (2016): Ap-
plication of electronic nose systems for assessing quality
of medicinal and aromatic plant products: A review. PloS
One, 9: €113995-e113995.

LeeD.S.,Huh].S., Lee D.D. (2003): Classifying combustible gases
using micro-gas sensor array. Sensors and Actuators B Che-
mical, 93: 1-6.

Lippolis V., Ferrara M., Cervellieri S., Damascelli A., Epifani F.,
Pascale M., Perrone G. (2015): Rapid prediction of och-
ratoxin A-producing strains of Penicillium on dry-cured
meat by MOS-based electronic nose. International Journal
of Food Microbiology, 218: 71-77.

Maitena U., Katayama S., Sato R., Saeki H. (2004): Improved
solubility and stability of carp myosin by conjugation with
alginate oligosaccharide. Fisheries Science, 70: 896—902.

Nery E.W., Kubota L.T. (2016): Integrated, paper-based poten-
tiometric electronic tongue for the analysis of beer and wine.
Analytica Chimica Acta, 918: 60—68.

Radi, Ciptohadijoyo S., Litananda W.S., Rivai M., Purnomo
M.H. (2016): Electronic nose based on partition column
integrated with gas sensor for fruit identification and
classification. Computers & Electronics in Agriculture,
121: 429-435.

Rui W., Min Z., Mujumdar A.S., Sun J.C. (2009): Microwave
freeze-drying characteristics and sensory quality of instant
vegetable soup. Drying Technology, 27: 962—-968.

Sanchez-Moreno C., Cano M.P.,, Ancos B.D., Plaza L., Olm-
edilla B., Granado F,, Elez-Martinez P., Martin-Belloso O.,
Martin A. (2005): Intake of Mediterranean vegetable soup
treated by pulsed electric fields affects plasma vitamin C and
antioxidant biomarkers in humans. International Journal
of Food Sciences and Nutrition, 56: 115-124.

Sanaeifar A., Mohtasebi S.S., Ghasemi-Varnamkhasti M.,
Ahmadi H. (2016): Application of MOS based electronic
nose for the prediction of banana quality properties. Mea-
surement, 82: 105-114.

Selli S., Cayhan G.G. (2009): Analysis of volatile compounds
of wild gilthead sea bream (Sparus aurata) by simultaneous
distillation — extraction (SDE) and GC-MS. Microchemical
Journal, 93: 232-235.

Sikorski Z.E., Kolakowska A., Pan B.S. (1990): The nutritive
composition of the major groups of marine food organisms.
In Sikorski Z.E. (ed.): Seafood: Resources, nutritional com-
position, and preservation. CRC press, Inc., Boca Raton,
USA: 29-54.

Song S., Zhang X., Hayat K., Jia C., Xia S., Zhong F., Xiao Z.,
Tian H., Niu Y. (2010): Correlating chemical parameters
of controlled oxidation tallow to gas chromatography — mass
spectrometry profiles and e-nose responses using partial
least squares regression analysis. Sensors and Actuators B
Chemical, 147: 660—668.

XuL., YuX, Lei L., Rui Z. (2016): A novel method for quali-
tative analysis of edible oil oxidation using an electronic
nose. Food Chemistry, 202: 229-235.

Yang W,, Jie Y., Fei P., Mariga A.M., Ning M., Yong F., Hu Q.
(2016): Effect of hot air drying on volatile compounds
of Flammulina velutipes detected by HS-SPME-GC-MS
and electronic nose. Food Chemistry, 196: 860—866.

Yin Y., Tian X. (2007): Classification of Chinese drinks
by a gas sensors array and combination of the PCA with
Wilks distribution. Sensors and Actuators B Chemical,
124: 393-397.

YuH.Y,, Jie Z., Li F,, Tian H., Xia M. (2015): Characterization
of Chinese rice wine taste attributes using liquid chromato-
graphic analysis, sensory evaluation, and an electronic
tongue. Journal of Chromatography B, 997: 129-135.

Yu Y.X., Zhao Y. (2012): Electronic Nose Integrated with
Chemometrics for Rapid Identification of Foodborne
Pathogen. In: Vazmuza K. (ed.): Chemometrics in Practical
Applications. InTech, Croatia: 201-212.

Zhou X., Chong Y., Ding Y., Gu S., Lin L. (2016): Deter-
mination of the effects of different washing processes on
aroma characteristics in silver carp mince by MMSE—
GC-MS, e-nose and sensory evaluation. Food Chemistry,
207: 205-213.

Received: April 18,2018
Accepted: February 17, 2020

93



