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ARTICLE INFO ABSTRACT

Handling editor: Alejandro G. Marangoni The large yellow croaker, a species of fish found in the northwestern Pacific, is favored by consumers because of
its prevalence in saltwater bodies, golden yellow abdomen, high calcium content, high protein, high fat content,

Keywords: and a flavor that originates from its lipids and volatile components. Volatile organic compounds significantly

Lar}tlge 3;6110"" croaker (Larimichthys crocea) affect the aroma of food. In this work, electronic nose and headspace gas chromatography-ion mobility spec-

Fish oi

trometry were applied to analyze the flavor differences in fish oil durations. Through electronic nose system
analysis, sensors W1C, W3S, W6S, and W2S directly affected fish oil flavor, and their flavor components were
different. Gas chromatography-ion mobility spectrometry identified 26 volatile components (19 aldehydes, 3
ketones, 2 alcohols, 1 furan, and 1 olefin). (E,E)-2,4-hexadienal (D), (E, E)-2,4-hexadienal (M), 2,4-heptadienal
(M), (E)-2-octenal, 2-propanone, 2-heptanone (M), 3-pentanone (D), and 1-octen-3-ol were the key flavor
components of the fish oil. In conclusion, the combination of GC-IMS and PCA can identify the differences in
flavor changes of large yellow croaker oil during 0-120 days storage. After 60 days storage, the types and signals
of 2-propanone, 2-heptanone (M) components increase significantly. When 120 days storage, at this time, (E,E)-
2,4-hexadienal (D), (E,E)-2,4-hexadienal (M), 2,4-heptadienal (M), (E)-2-octenal,(E)-2-octenal significantly. It
has become the main flavor substance of fish oil. In summary, as the storage period increases, the components
increase, and the oxidizing substances will increase, resulting in the deterioration of fish oil.

Electronic nose
Fingerprint
Flavor substance

(Cao et al., 2021). With changing human dietary habits, identifying the
health benefits and high-nutrition components of food has acquired
significant importance (Jadwiga et al., 2019). Fish oil has beneficial
effects on the human body; for instance, it regulates blood lipids, pro-
motes brain development, improves vision, and prevents cardiovascular
and cerebrovascular diseases and senile dementia (L. Li et al., 2020;
IlesanmiOyelere et al., 2020; Lysfjord et al., 2021; Galindo et al., 2021).
The changes in the nutrients of fish oil are affected by the oxidation rate
and time, temperature, and light irradiation from the environment (Ade
et al., 2014). During oxidation, fish oil generates adverse components
such as small-molecular aldehydes, ketones, alcohols, and acids (Chen

1. Introduction

In recent years, the use of science to create health products with high
nutritional value has become increasingly popular. Fish oil from large
yellow croakers is a high-quality natural oil, containing essential fatty
acids, unsaturated fatty acids, and various active components, which is
also easy to digest and absorb (Donovan et al., 2020; Du et al., 2022;
Navarro et al., 2020). However, the quality of this fish oil merits further
study because the large yellow croaker undergoes lipid oxidation during
storage, leading to the contamination and quality deterioration of its oil
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Abbreviations

AV acid value

CDhV conjugated diene value

GC gas chromatography

HS headspace

IMS ion mobility spectrometry

MS mass spectrometry

p-AV p-anisidine value

POV peroxidation value

PCA principal component analysis

RIP reaction ion peak

SPME solid-phase microextraction
et al., 2018).

Recently, a novel flavor identification technique named gas
chromatography-ion mobility spectrometry (GC-IMS) has gained rising
popularity in food flavor detection (Sullivan and Budge, 2012; Wang
et al., 2020). It combines the high separation capability of GC with IMS
to establish a fingerprint of volatile components, classify their adulter-
ation degree, and evaluate the freshness of food through odor testing
(Yang et al., 2021; X.X. Li et al., 2020; Tian et al., 2020; Mutlu et al.,
2021).

In a previous study, the volatile components of crab meat were
characterized by solid-phase microextraction (SPME) and GC tandem
spectroscopy, revealing that the relative contents of 3-methylbutyralde-
hyde, heptanaldehyde, and benzaldehyde contributed to improving the
flavor (Deng et al., 2021). Encina et al. studied the changes in the odor
and fatty acid content of tuna oil and squid oil (Encina et al., 2018). The
volatile flavor content was analyzed by GC-IMS, and the results showed
that the flavors of 2,4-heptadienyl and 2-valeric aldehyde were most
significant. It has further been reported that changes in the volatile
compounds in fish oil purification can be detected by headspace (HS)
and SPME with GC-MS (Song et al., 2018). Despite this, the effects of
different storage periods on large yellow croaker oil have not been
analyzed by GC-IMS, and the identification of its volatile flavors are
rarely reported. Therefore, conducting such research has the potential to
greatly keep the flavor of fish oil and expand its application in the food
industry.

In our previous research, we reported the use of GC-IMS and prin-
cipal component analysis (PCA) to identify differences in the flavor
components of large yellow croaker meat during storage (Zhao et al.,
2021a,b). We found that 3-methylbutanol (trimer), 3-methylbutanol
(D), 3-pentanone (D), and 3-pentanone (M) contents increased (where
D and M indicate dimer and monomer, respectively) and were the key
components affecting the fish meat flavor. Based on these results, we
continued experimenting on large yellow croaker oil and found that the
storage period of the oil is also particularly important to its flavor, and
that the sensory characteristics of fish oil are closely related to its
characteristic flavor substances (Zhao et al., 2021a,b). In addition, the
sensory characteristics of fish oil can not only reflect its overall quality,
but also characterize the oxidation degree of oil itself. It has been re-
ported that the main reason for the deterioration of fish oil flavor is the
volatile compounds of the oil, (E,E)-2,4-hexadienal (D) and 2,4-hepta-
dienal (M) (Kazuo et al., 2018).

Comprehensive above, GC-IMS was used to detect the volatile flavor
substances produced in the oxidation of fish oil over storage period, and
determine its volatile flavor fingerprint during oxidation. The data
gathered here provide valuable insights into in the volatile flavor com-
pounds of fish oil, the oxidation mechanisms, and its safe consumption
by humans.
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2. Materials and methods
2.1. Fish samples

The yellow croaker variety selected in this study was the large yellow
croaker from Zhoushan (Zhejiang), According to previous studies (Zhao
et al., 2021a,b), the nutritional indexes of large yellow croaker were as
follows. The fish was stored at —18 °C (MDF-U53V, Sanyo, Japan) and a
relative humidity of 60-75% for 0, 5, 10, 20, 30, 40, 60, 90, and 120
days. At specific times, the fish meat was cut and homogenized at 10000
rpm for 20 s (FJ200-S, Hunan Li Chen Instrument Tech-nology Com-
pany, China), Extract oil through fat extractor. The subsequent experi-
mental indexes were determined from fish oil. For the identification of
volatile components of large yellow croaker oil during different storage
periods, GC-IMS instrument was used to analyze the fish oil samples,
which were determined during 0, 60, 90 and 120 days respectively.

component content
Length 19.40-24.00 cm
Weight 270.50-320.70 g

salt-soluble protein
water-soluble protein
water content

Ash

11.90 g/100 g
14.27 g/100 g
61.85 g/100 g
0.80 g/100 g

2.2. Reagents

Ethanol, petroleum ether, trichloromethane, sodium sulfate, acetic
acid, phenolphthalein indicator, isooctane, n-hexane, n-heptane, po-
tassium iodide, phenol, potassium hydroxide, tetrahydrofuran, and
alumina were purchased from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China).

2.3. Raw material processing

Material processing were prepared according to previous scientific
research work (Zhao et al., 2021a,b). The fish oil was collected with a fat
extractor (Soxtec FOSS, Fos Analysis Company, China). The detailed
procedure is shown in Fig. 1.

2.4. Determination of oxidation index

The official methods prescribed by the American Oil Chemists So-
ciety (AOCS) were used to determine the AVs (Ca 5a-40), POVs (Cd 8b-
90), and p-anisidine values (p-AVs; Cd 18-90) of the various samples.
The conjugated diene value (CDV) was determined by modifying an
existing approach (Ma et al., 2020).

2.4.1. Acid values

For the phenolphthalein indicator, 1.00 g (Ar224-CN, Ohaus In-
strument Co., Ltd., China) of phenolphthalein solid was dissolved in 95%
ethanol, ultrasonicated until complete dissolution, and then transferred
to a 100 mL capacity bottle. A standard solution of 0.01 mol/L potassium
hydroxide was prepared using 0.56 g of potassium hydroxide dissolved
in 1000 mL of deionized water. The fish samples (5.00 g) were added to
a 50 mL mixture of petroleum ether and ethanol (2:1, v/v). Subse-
quently, 2-3 drops of the phenolphthalein indicator were added to the
mixture, and the solution (micro-red) was titrated with a standardized
solution of 0.01 mol/L sodium hydroxide. The AV of the sample was
calculated according to Eq. (1):

AV = (V x ¢ x 56.1)/m 1)
where V is the volume of the potassium hydroxide solution (mL), ¢ =
0.01 mol/L is the concentration of potassium hydroxide, m is the mass of
the oil sample (g), and the number 56.1 indicates the molar mass (g/
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Fig. 1. Schematic illustrating the procedure to determine the components of large yellow croaker oil by physical and chemical methods. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)

mol) of potassium hydroxide.

2.4.2. Peroxide values

To prepare a standard solution of sodium thiosulfate (Ma et al.,
2021), 1.60 g of anhydrous NaS,03 solid was added to a small beaker
with 0.02 g NayCOs. The chemicals were then dissolved in 100 mL of
water. The solution was diluted ten times to a concentration of 0.005
mol/L. Subsequently, 5.00 g of fish oil was added to a 250 mL conical
bottle, after which 5 mL of an acetic acid-isooctane solution (3:2, v/v)
and 0.50 mL of saturated potassium iodide solution were added. After 1
min of mixing, 30 mL of deionized water was added to the aforemen-
tioned sodium sulfate standard solution, leading to blue coloration.
Next, 0.50 mL of starch solution was added dropwise until the blue color
disappeared at the end of titration. The POV (meq/kg) was calculated
according to Eq. (2):

POV = (1000 x V x ¢)/m @)

where c is the concentration of the standardized thiosulfate solution
(mol/L).

2.4.3. p-Anisidine values

The p-anisidine solution was prepared by adding p-anisidine (0.125
g) to glacial acetic acid (50 mL). A sample (2.00 g) of the fish oil was
then added to a 25 mL volumetric flask, and iso-octane (25 mL) was
added prior to swirling to mix well. The absorbance (Ao) of the resulting
solution was measured at 350 nm using a spectrophotometer (UV-2600,
Tianjin, China). An portion (5 mL) of the solution sample was then
pipetted into a test tube, and the p-anisidine reagent (1 mL) was added.
After 10 min, the sample absorbance (A;) was measured at 350 nm. For
the blank sample, iso-octane (5 mL) and the p-anisidine reagent (1 mL)
were added to a separate test tube. The dimensionless p-AV was calcu-
lated according to Eq. (3):

p—AV = 25(1.241 —A0) /m 3

where A; is the absorbance of the fat solution after reaction with the p-
anisidine reagent, Ag is the initial absorbance of the fat solution, the
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number 25 indicates the sample volume (25 mL), and 1.2 is the
correction factor.

2.4.4. Conjugated diene values

The fish oil sample was weighed and placed in a small beaker. After
the addition of iso-octane (5 mL) to dissolve the sample, the volume was
adjusted to 50 mL using an additional volume of iso-octane. The optical
absorption of the obtained solution was then measured at 232 nm (UV-
2600, Yerco Instrument Co., Ltd., China) using iso-octane as the zero
reference. The CDV was calculated according to Eq. (4):

CDV = Agc x 1 (€))
where Aq is the absorbance of the sample at 232 nm, c is the mass
concentration of the sample (g/100 mL), and 1 (cm) is the length of the
quartz cell.

2.5. Detection of volatile flavor substances

For sample pretreatment, the fish oil (2.00 g) was sealed in a capped
bottle and allowed to stand for 30 min to allow the volatile compounds
to equilibrate in the air. An electronic nose (PEN3, Airsense, Berlin,
Germany) was employed under previously reported conditions (n = 3)
(Emre, 2021). The various sensors are described in Table S1.

2.6. Construction of the fingerprint map of the flavor profiles

2.6.1. Sample processing

After thawing at 4 °C in a refrigerator, 5.00 g of fish oil was weighed
and placed in a 20 mL HS bottle equipped with a magnetic screw seal.
The sampling test was conducted after incubation at 40 °C for 20 min.
GC-IMS analysis was carried out in triplicate.

2.6.2. GC-IMS conditions
Based on the data by Jia (Jia et al., 2021), the GC-IMS conditions in
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the following table were slightly modified.

Condition Specifications

Column type MXT-5, 15METER, 0.53 mmID, 1.0UMDF

Column temperature 60 °C
Chromatographic analysis time 25 min

Carrier gas/drifting gas N> (purity >99.99%)
IMS temperature 45°C

Automatic top injection volume 500 pL

Headspace incubation 40 °C, 20 min
Headspace injection needle temperature 85 °C

Injection volume 1 mL

Incubation speed 5000 r/min

2.6.3. Detection method

The gas sample in the HS bottle was extracted using a heated injec-
tion needle. The volatile components in the gas sample were identified
using a flavor analyzer (FlavourSpec®, G.A.S. Company, Germany).

2.7. Data processing

Origin software (OriginLab Corporation, Northampton, Massachu-
setts, USA) was used to process the data. The means and standard de-
viations were determined by SPSS 24.0 software (Chicago, IL, USA), and
a multi-comparison was outputted (p < 0.05). The volatile substances
were tested with Vocal analysis software and equipment. NIST IMS da-
tabases and the dynamic PCA plug-in program were used to perform
dynamic master component analysis.

Current Research in Food Science 5 (2022) 813-822
3. Results and discussion
3.1. Lipid oxidation properties

Four indicators (AV, POV, p-AV, and CDV) were used to assess
oxidation in the oil from the large yellow croaker during storage. Fig. 2
shows that all four values increase significantly during storage (p <
0.05). In the fresh fish oil (0 d), the AV, POV, p-AV, and CDV were 0.58
+ 0.13 mg/g, 10.98 + 0.56 meq/kg, 0.31 + 0.05, and 22.24 + 0.21,
respectively. These values meet the national standard (GB
5009.229-2016), indicating that the fresh fish oil was highly nutritious
(Tu et al., 2021).

After 90 d, these values increased to 2.75 + 0.10 mg/g, 41.04 &+ 0.76
meq/kg, 1.34 + 0.06, and 31.76 + 0.25, respectively. In particular, the
POV increased by approximately four times during storage, possibly
because hydrogen peroxide is the main product of fish oxidation (Ela-
varasan and Shamasundar, 2021). With an increase in the storage
period, fat oxidation in the fish oil led to an increase in the POV. Tem-
perature changes can also cause the isomerization and decomposition of
triglyceride and other substances. Additionally, the four-fold increase in
the POV during storage is likely assisted by the development of hydro-
peroxide, the primary product of lipid oxidation (Thimmappa et al.,
2019), which further decomposes into low-molecular-weight ketones,
aldehydes, and other secondary oxidation products.

At 120d, the AV, POV, p-AV, and CDV were 3.77 + 0.14 mg/g, 75.16
+ 0.85 meq/kg, 1.94 + 0.07, and 43.29 + 0.23, respectively. The
increased AV is closely related to the free fatty acid content (Malik et al.,
2021). It has been reported that the oxidation of fish oil during storage
causes the breakage of ester bonds, releasing a large amount of free fatty
acids that increase the AV (Crexi et al., 2009; Zhang et al., 2021). The
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Fig. 2. Lipid oxidation properties of large yellow croaker oil at different storage periods. A: acid values; B: peroxide values; C: p-anisidine values; D: conjugated diene
values. p-nisidine values and conjugated diene values have no units. Data points are plotted as means + SD (n = 3).
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p-AV obtained from the quantitative characterization of the secondary
oxidation product indicated the presence of aldehyde compounds in the
oil. The p-AV and POV were similar, which is associated with an
increased content of oxidation products in the fish.

3.2. Volatile component identification

To illustrate changes in the volatile flavor compounds during stor-
age, we measured their contents at 0, 60, 90, and 120 d and visualized
the results, respectively. The samples were analyzed based on the
retention and drift times of the column of the ion migration system (Jia
et al., 2021). The qualitative analysis results for the volatile components
of the large yellow croaker oil are shown in Fig. 3. The retention and
drift times of the ion migration spectra presented in Fig. 3 are summa-
rized in Table 1. A total of 26 peaks, corresponding to 5 component
groups, were identified. These include 19 aldehydes, 3 ketones, 2 alco-
hols, 1 furan, and 1 olefin. When passing through the drift zone, a single
compound can be observed as it forms a complex between the analyzed
ions and neutral molecules (dimers and trimers).

Fig. 4 plots the signal strengths measured by the electronic nose with
different sensors for the fish oil samples. With prolonged storage, the
signals from the W3C, W6S, W2W, W3S, and W1C sensors became
stronger, indicating that the large yellow croaker oil accumulates aro-
matic and hydrogen peroxide; however, the signals for the organic sul-
fide compounds decreased from 0 to 90 d and then rebounded at 120 d.
This resembles the formation and flavor changes for heterocyclic aro-
matics reported by Meng (Li et al., 2022). Aromatics, alkanes and ali-
phatics, hydrides, sulfides, ethanol, and some aromatics were
determined by the W1C, W3S, W6S, W1W, W2S, and W6S sensors,
respectively. The threshold of alkanes is high, so they barely contribute
to the odor. The W3C and W2W sensors provided a small response value,
highlighting the low concentrations of ammonia and aromatic com-
pounds in the large yellow croaker oil. This experimental result agrees
with theoretical expectations (Salsinha et al., 2021).

3.3. Analysis of topographic differences

GC-IMS was employed to output a three-dimensional (3D) terrain
visualization to explore the influence of the storage period on the vol-
atile compounds (Cui et al., 2020). The overall pattern is similar among
the different storage periods, but there are minor visible variations in the
signal intensity. The GC-IMS data are visualized as a 3D terrain in Fig. 5
to easily observe and compare the compositions of the volatile sub-
stances. Overall, the content of volatile compounds was the highest in

-
0.68[V]

0.0[v]

0d 60 d

Meascrement run / scc

RIP: 4.46 ms RIP: 4.47 ms
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fresh fish oil (0 d), and continuously declined with storage up to 120 d.

In Fig. 6 the red vertical line indicates the reaction ion peak (RIP),
and each point on the right side of the RIP represents different volatile
compounds in the sample. The signal is substantial within the retention
time of 100-300 s and drift time of 1.0-2.0 s. In the normalized two-
dimensional (2D) plots, the red (blue) color indicates an increase
(decrease) in the volatile compound concentration compared to the
reference (Duan et al., 2021a,b). It has been suggested that the drift rate
is related to the concentration of fish samples (B. Zhang et al., 2020).
The 2D topographic map for fresh (0 d) fish oil samples was selected as a
reference. The other three spectra obtained after storage were derived
from the reference. If the amount of the volatile compound does not vary
over time, the color is white. The red color indicates that the volatile
compound concentration is higher than that of the reference. The blue
color indicates that the volatile compound concentration is lower than
that of the reference. The figure shows that the signal strength of the
compound is higher in the 120 d fish oil, and that some compounds have
a slightly lower concentration after 60 d and 90 d of storage.

3.4. Volatile flavor compounds

To further compare the volatile flavor compounds in the samples
after different storage periods, the GC-IMS 2D map was used to identify
the peaks, as shown in Fig. 7. In the fingerprint, the brighter the color,
the higher the content (Yao et al., 2020). Different concentrations of a
single compound will produce various signals and spots. The fingerprint
shows many unknown substances (X. Chen et al., 2021; Yu et al., 2021).
In Fig. 7, the area and brightness of coloration for the volatile organic
compounds represent the concentration of the substances. White in-
dicates low density, red indicates high density, and the darker the color,
the higher the density. A total of 26 compounds were identified,
including 19 aldehydes, 3 ketones, 2 alcohols, 1 furan, and 1 olefin. The
content of substances numbered 6, 9, 10, 11, 12, 13, 14, and 18 grad-
ually increased with increasing storage period, while that of compound
15 decreased. The concentration of compounds 16 and 17 was the
highest during 90 d, showing a trend of first increasing and then
decreasing. The large yellow croaker oil sample contained many alde-
hydes. This result is similar to that of Duan (Duan et al., 2021a,b), who
used GC-IMS to determine the flavor of meat products, which is mainly
reflected in a higher aldehyde content.

Aldehydes are the main flavor components of large yellow croaker
oil. Most aldehydes have a low flavor threshold and a characteristic fatty
aroma at a low concentration. However, when the concentration is
higher than a certain critical value, they will produce putrefied, rancid,

90 d 120d

RIP: 4.47 ms RIP: 4.47 ms

Drift time / RIP relative

Fig. 3. Ion migration spectra of large yellow croaker oil at different stage periods. The x-axes represent the ion migration times and the y-axes represent the gas
chromatographic retention times. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Table 1

Qualitative analysis of flavor compounds in large yellow croaker oil after different storage periods.
No Compound CAS# Molecular formula MW RI1 RT2 DT3 Storage periods

od 60 d 90d 120d

1 2-heptanone (M) C110430 C7H140 114.2 892 367.609 1.25645 82.87 95.35 108.29 95.04
2 3-pentanone (D) C96220 C5H100 86.1 694.1 176.751 1.35138 273.88 313.93 357.20 406.63
3 2-propanone C67641 C3H60 58.1 505.1 100.756 1.11999 126.91 139.03 145.79 139.21
4 hexanal (M) C66251 C6H120 100.2 793 257.755 1.26394 907.11 872.24 743.39 696.90
5 hexanal (D) C66251 C6H120 100.2 792.5 257.283 1.55986 505.45 481.12 390.43 355.89
6 n-nonanal C124196 C9H180 142.2 1102.9 765.255 1.48078 306.25 376.15 411.86 474.17
7 (E)-2-octenal 2548870 C8H140 126.2 1069.4 689.37 1.33717 496.00 591.03 715.58 835.52
8 (E,E)-2,4-heptadienal (M) C4313035 C7H100 110.2 1032.9 615.291 1.19819 344.01 401.55 436.32 461.33
9 (E,E)-2,4-heptadienal (D) C4313035 C7H100 110.2 1031.3 612.28 1.61359 142.82 188.13 254.66 290.86
10 2,4-heptadienal (M) C5910850 C7H100 110.2 1010.4 573.735 1.209 236.17 285.46 308.83 337.72
11 2,4-heptadienal (D) C5910850 C7H100 110.2 1012.4 577.348 1.62131 1073.04 1731.68 2175.73 2285.53
12 (E)-2-heptenal (M) C1882955 C7H120 112.2 961.2 479.634 1.25746 942.12 1082.78 1126.92 1135.88
13 (E)-2-heptenal (D) C1882955 C7H120 112.2 961.7 480.593 1.66231 197.97 349.82 434.62 527.71
14 (E,E)-2,4-hexadienal (M) C142836 C6H80 96.1 921.2 411.328 1.11926 901.61 937.22 1033.37 989.36
15 (E,E)-2,4-hexadienal (D) C142836 C6H80O 96.1 920 409.362 1.45288 85.00 118.83 129.01 118.23
16 2-hexenal (M) C505577 C6H100 98.1 853.6 320.394 1.17916 545.85 618.71 743.53 874.97
17 2-hexenal (D) C505577 C6H100 98.1 851.5 317.942 1.51579 945.76 1339.46 1595.95 1683.76
18 ethanol C64175 C2H60 46.1 491.5 96.788 1.04578 181.97 194.69 201.30 212.76
19 1-penten-3-ol C616251 C5H100 86.1 690.1 174.053 0.94377 305.75 353.03 394.79 435.11
20 1-octen-3-ol C3391864 C8H160 128.2 993.7 543.635 1.15615 341.23 473.90 492.55 518.15
21 (E)-2-pentenal (M) C1576870 C5H80 84.1 747.8 217.199 1.10371 1601.99 1796.63 1868.25 1934.58
22 (E)-2-pentenal (D) C1576870 C5H80 84.1 753.5 222.004 1.36517 1236.68 1499.70 1578.89 1659.66
23 (Z)-4-heptenal C6728310 C7H120 112.2 900.6 380.069 1.1455 502.57 552.92 602.71 654.58
24 heptanal (M) Cl111717 C7H140 114.2 902.5 382.737 1.34747 773.41 784.55 791.95 836.28
25 heptanal (D) C111717 C7H140 114.2 902 382.036 1.69984 293.97 324.07 360.38 375.40
26 2-pentylfuran C3777693 C9H140 138.2 995.7 547.711 1.24728 187.62 201.00 219.79 230.96

Note: The retention times and ion migration times are listed together with the compound name, CAS number, molecular formula, molecular weight (MW), reserved
index (RI1), retention time (RT2), drift time (DT3), and response peaks after different storage periods.

WIC

W2wW

W28

Fig. 4. Detection of volatile flavors from fish oil at

—B— 0 d different storage periods. 0 d, 60 d, 90 d, and 120
d represent the radar value of fish oil extracted from
— 60 d large yellow croaker meat in the corresponding stor-

A 9 O d age periods. Note: W1C: Aromatics; W5S: Nitrogen
oxides; W3C: Ammonia and aromatic components;
—— 1 20 d W6S: Hydride; W5C: Olefins and aromatic molecules;
W1S: Methane; W1W: Sulfides; W2S: Ethanol and
some aromatics; W2W: Organic sulfides: W3S: Al-
kanes and aliphatics. (For interpretation of the ref-
erences to color in this figure legend, the reader is
W3 C referred to the Web version of this article.)

W6S

WI1wW WS5C

WIS

or other similar peculiar odors (Ana et al., 2020). The figure shows that
the concentrations of the aldehyde compounds (E,E)-2,4-heptadienal
(M) and 2,4-heptadienal (M) gradually increase. The concentrations of
(E)-2-heptenal (M), 2-hexenal (M), and (E)-2-pentenal(M) gradually
decrease from their highest values in the fresh stage, and those of

n-nonanal and heptanal (D) are the highest at 90 d, which may be caused
by the gradual reduction in the n-nonanal carbon bonds contained in fish
oil at 90 d (De et al., 2017). Among the ketones, the concentrations of
2-propanone, 2-heptanone (M), and 3-pentanone (D) gradually increase,
which may be due to microbial degradation and lipid oxidation (Valdés
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Fig. 5. 3D topographic map of large yellow croaker oil at different storage periods.
(x-axis: ion migration time, y-axis: GC retention time, and z-axis: peak height from quantification). (For interpretation of the references to color in this figure legend,

the reader is referred to the Web version of this article.)
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Fig. 6. Two-dimensional topographic map of fish oil at different storage periods.

et al., 2018). The oxidative precipitation of proteins and a reduction in
oxidation will vary the flavor induced by the ketones (Y.P. Chen et al.,
2021). The content of 1-octene-3-alcohol is very high, because fish oil
will be affected by temperature, humidity and light after long-term
storage, resulting in rotten taste. These rotten flavors are similar to
pickles and spicy rotten eggs, which will accelerate the formation of bad
flavor in large yellow croaker oil. The alcohol concentration is low
during 0-90 d of storage, possibly because the quality is maintained and
the extent of contamination is less (Granato et al., 2018). In addition, the
content of 1-octen-3-ol in alcohols gradually increased and that of
ethanol gradually decreased. As described previously, short-chain
aldehyde flavor compounds are more likely to interact with protein
aggregates to produce a fatty flavor (Dou et al., 2021). After a period of
storage, when the n-nonanal content decreases and the fat content is

819

lowered, putrefied, rancid, or other peculiar odors are easily generated
by these aldehyde volatile compounds, possibly due to the microbial
degradation of free cysteine and methionine in fish muscle (Chie et al.,
2021).

Ketone compounds are the second volatile flavor compounds, and
many ketones can be generated by lipid oxidation or microbial degra-
dation (Chen et al., 2017). Therefore, the main flavor changes in fish oil
were mainly attributed to (E,E)-2,4-heptadienal (D), (E,E)-2,4-hepta-
dienal (M), 2,4-heptadienal (M), (E)-2-pentenal(D), (E)-2-octenal,
1-octen-3-ol, (Z)-4-heptenal, (E E)-2,4-hexadienal(M), 2-pentylfuran,
2-propanone, 2-heptanone(M), 3-pentanone (D), and 1-penten-3-ol.
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Fig. 7. Characteristic fingerprint of large yellow croaker oil at different storage periods. Note: A-D represent sample storage periods of 0, 60, 90 and 120 d,
respectively. The line represents the signal peak of one fish oil sample compound, and the column represents the signal peak of the volatile organic compounds in all
different fish oil samples. The coloration is indicative of the content of the volatile compounds. (For interpretation of the references to color in this figure legend, the

reader is referred to the Web version of this article.)

3.5. PCA of the flavor substances

During storage and transportation, large yellow croaker oil is
vulnerable to external factors such as temperature, humidity, light and
oxygen. Unsaturated fatty acids are easy to be oxidized. Finally, based
on a detailed analysis of the GC-IMS and GC-MS results, we performed
PCA using the fingerprint map of the volatile organic compounds
(Fig. 8). This analytical method generates principal components that are
linear combinations of the input variables, and is effective for reducing
the number of variables and removing abnormal data (Zhou et al., 2021;
Lietal., 2021). The resulting PCA model reflects the original state of the
metabolic group data. The gathering of the sample can be determined
from the PCA score map (Q. Zhang et al., 2020). Fig. 8 plots the PCA
results for the fish oil samples after different storage periods. Overall,
80% of the data can be explained by the first principal component (PC-1)
and 14% by the second principal component (PC-2). These contributions
significantly change up to 60 d, and barely change for 90 and 120 d. The
main difference between the 90 and 120 d samples arises from the fuel

sample distribution points. These results are similar to those obtained by
Jia (Jia et al., 2020). It has also been reported that volatiles are produced
in oil, especially esters and alcohols (Mi et al., 2021). Thus, fingerprint
was successfully established using GC-IMS. The clustering of the tripli-
cate data confirmed good reproducibility of the measurement.

4. Conclusion

To explore the changes in flavor of large yellow croaker fish oil
during storage, HS-GC-IMS and PCA were used to determine. The main
chemical determinations included AV, POV, p-AV, CDV, and the iden-
tification of various flavor substances. We identified 26 flavor sub-
stances in the fish oil samples and showed that the components of
aldehydes, alcohols, and ketones were significantly different after
different storage periods. (E,E)-2,4-hexadienal (M), 1-octen-3-ol, and 2-
heptanone (M) were the main components contributing to the un-
pleasant flavor of the fish oil. In addition, the PCA results showed that
the differences in the distributions of volatile compounds in the fresh

Principal Components

2000.0+
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5 o8
s
~
~
-1000.0 | el o9l @
120d
-2000.0 -
-2000.0 -1000.0 0.0 1000.0 2000.0
PC-1[80%]

Fig. 8. PCA map of the characteristic flavors of large yellow croaker oil at different storage periods. (For interpretation of the references to color in this figure legend,

the reader is referred to the Web version of this article.)
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fish oil and the aged oil were relatively large and easy to distinguish;
however, the differences in the distributions between 60, 90, and 120
d of storage were not as significant. Therefore, a specific and feasible
method for constructing the flavor fingerprints of the given samples was
established by HS-GC-IMS and PCA to successfully characterize the
volatile flavor differences in fish oil. The combination of HS-GC-IMS and
PCA made it possible to quickly detect and analyze the unique flavor
fingerprint of fish oil. Additionally, the qualitative characteristics of fish
during storage could be judged by scientific methods to maintain fish oil
quality. The techniques employed herein could, therefore, be employed
to improve quality control and inventory monitoring, as well as to
analyze the flavor components present in other foodstuffs during stor-
age. To ensure the continuous progress of this research, our team is still
working in relation to this project, and we hope you look forward to our
future report.
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