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Potential use of stable isotope and fatty acid analyses for
traceability of geographic origins of jumbo squid (Dosidicus
gigas)
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Rationale:

Squid is an important seafood resource for Asian and European countries. With the

continuous development of processed squid products, an effective traceability system has
become increasingly prominent. Here, we attempt to trace the fishery products of the main target
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were identified in squid from three harvest locations in the eastern Pacific Ocean by isotope ratio
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species, jumbo squid (Dosidicus gigas), by using biochemical tracers.
Carbon and nitrogen isotope ratios (δ13C and δ15N values) and fatty acid profiles

mass spectrometry and gas chromatography/mass spectrometry, respectively. Comparative
analysis was used to evaluate the geographic variations in tracers and to identify the suitable
discriminatory variables among origins.

Results:

Significant spatial variations were found in isotopic values and fatty acid profiles in

squid muscle tissues, possibly because of different food availability and/or oceanographic

5

National Demonstration Center for
Experimental Fisheries Science Education
(Shanghai Ocean University), 999
Huchenghuan Rd, Shanghai, China

6

Marine Environmental Monitoring Centre of
Ningbo, State Oceanic Administration, 86
Qiyun Rd, Ningbo, China
Correspondence
Y.K. Li, College of Marine Sciences, Shanghai
Ocean University, 999 Huchenghuan Rd.,
Shanghai, China.
Email: ykli@shou.edu.cn

conditions that each group experiences at a given location. The stepwise discriminant analysis
indicated that δ15N, C16:1n7, C17:1n7, C18:2n6, C20:1 and C20:4n6 were effective variables
at differentiating origin.

Conclusions:

Combined use of stable isotope ratios and fatty acid analyses could trace

geographic origins of jumbo squid. This study provides an alternative approach for improving
authenticity evaluation of commercial squid products.
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I N T RO D U CT I O N

pressure on species of commercial importance and an increasing
requirement for food quality (i.e. the authenticity evaluation and origin

Consumers are increasingly aware of the positive effects of marine fishery

of species).1,3 Squid is an important seafood resource for Asian and

products, which are associated with high levels of beneficial nutrients for

European countries.4,5 Jumbo squid (Dosidicus gigas), one of the main

human health.1,2 Increased market demands have resulted in an intense

target species in the international market, is the most abundant
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ommastrephid squid in the eastern Pacific Ocean.6 Throughout its large
distribution range, several harvest regions are located off the coasts of
western South and Central America and the Gulf of California. The
commercial annual catch exceeded 1 million tons in 2014, which is almost
24% of the total fishery products of cephalopods.7 Frozen D. gigas are sold
for direct consumption by consumers, and a burgeoning literature documents
other processed food products developed from jumbo squid, such as collagen,
gel‐based products, and mince.8-10 With the continuous development
of jumbo squid products, methods aimed to improve food quality and
information, such as regional identity, are needed. Moreover, the market
value of raw squid differs between fishing regions and it is significantly
influenced by catches.11 In particular, diversification in the abundance
of jumbo squid as a result of climate change has been observed.12
Several methods have been applied for differentiating the origin of
D. gigas. For example, morphometric analysis is a conventional
method for squid identification.13,14 However, this technique may
not be effective for processed squid products because morphological
characteristics have been removed. DNA analysis is also widely used to

FIGURE 1

Sampling stations of Dosidicus gigas in the eastern Pacific
Ocean. PER: off the Peruvian exclusive economic zone (EEZ); CHI:
off the Chilean EEZ; CEP: offshore waters of the central eastern Pacific

classify the origin of seafood,15 although low genetic diversity has been
reported among population units within D. gigas.16 Biochemical tracers, such
as fatty acid (FA) profiles and stable isotope ratios, have proven to be

and off the coasts of western South America (PER, off the Peruvian

powerful indicators to identify the geographic origin of food products.17-21

exclusive economic zone (EEZ), and CHI, off the Chilean EEZ)

FAs are an important energy source for the growth and survival of marine

(Figure 1). All squid were collected fresh and quickly frozen on board,

organisms, and regional differences in FA profiles have been reported at

then transported to the laboratory. To remove the potential influence

the intraspecific level.22,23 These differences are generally associated with

of season on study results, the PER and CHI samples were restricted

the divergent environmental conditions (e.g. food availability) between

to the spring months. The CEP squid samples were randomly selected

origins, since the FAs depend mainly on the food sources.24 In addition,

from a larger sample size because the ambient conditions in this

the stable carbon and nitrogen isotope ratios (δ13C and δ15N values,

area are similar year‐round. A total of 44 individuals (CEP, n = 16; PER,

respectively) are considered as good trophic markers to understand

n = 13; and CHI, n = 15) were used in the subsequent analyses (Figure 1).

geographic variations of D. gigas.25,26 This technique is based on the fact

Squid were measured immediately after defrosting. Approximately

that δ13C values change little during trophic transfers, allowing

2×2 cm muscle tissues were taken from the same area near funnel

identification of foraging location, while δ15N values can reveal the

locking‐cartilage and washed using distilled water. Each muscle piece

trophic relationships, showing stepwise enrichment between trophic

was freeze‐dried at −55°C for 24 h using a Christ Alpha 1‐4 (Martin

levels.27 Differences in oceanographic and biogeochemical processes

Christ, Harz, Germany), and homogenized into a fine powder using a

can cause spatial variability in the δ13C and δ15N signatures of squid

Mixer mill MM440 (Retsch, Haan, Germany).

tissues.25,26 Therefore, the combination of fatty acid and stable isotope
analyses has been an accepted method for origin traceability and

2.2
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Fatty acid analysis

authenticity of seafood products, such as distinguishing wild and farmed
marine fishes and tracing the geographic origins of seafood products.17,20,21

Lipid extraction was performed according to the modified Folch

The aim of this study was to examine the combined use of fatty

method.28 Around 200 mg powdered sample was blended in a 15‐mL

acid and stable isotope analyses to determine the geographic origins

mixture of CHCl3/MeOH (2:1, v/v) for ≥20 h. The extract was washed

of D. gigas. To accomplish this objective, fishery products of D. gigas

with 0.9% (w/v) NaCl solution and then left to stand to allow separation

from three harvest locations in the eastern Pacific Ocean were studied.

into two phases. The organic (lower) phase was collected and

The FA profiles and the δ C and δ N values of squid muscle tissues

dried under N2. The extracted lipid was dissolved in 4 mL 0.5 M

were compared among harvest locations. This study corroborates the

NaOH/MeOH solution and refluxed for 30 min (water bath, 100°C).

use of biochemical tracers to identify the geographic origins of D. gigas

Thereafter, 4 mL BF3/MeOH (14%, w/v) was added, followed by

13

15

and provides an alternative method for traceability of commercial

further refluxing for 30 min. After cooling, 4 mL of n‐heptane was

squid food products.

added and the mixture was shaken for 2 min, followed by the addition
of 10 mL of a saturated NaCl solution. After each separation, the upper

2

EXPERIMENTAL

|

organic layer (FA methyl esters, in n‐heptane) was transferred to a
sample bottle prior to analysis. The FA concentrations were determined

2.1

|

Sampling and preparation

by gas chromatography/mass spectrometry (GC/MS) using a 7890B
gas chromatograph interfaced with a 5977A single quadrupole

Fieldwork was conducted on various commercial jigging cruises

mass spectrometer (both from Agilent Technologies, Santa Clara,

operating in the offshore waters of the central eastern Pacific (CEP)

CA, USA) and equipped with a HP‐88 capillary column (60 m ×
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0.25 mm × 0.20 μm, Agilent Technologies). The chromatographic
separation was achieved under the following conditions: carrier
gas, helium; injection volume 10 μL; injector temperature, 250°C;

TABLE 1 Fatty acid profiles (mean ± standard error) of Dosidicus gigas
collected off Peru (PER), Chile (CHI) and in offshore waters of the
central eastern Pacific (CEP)

N

CEP
16

C14:0
C15:0
C16:0*
C17:0
C18:0*
C20:0
C21:0
C22:0
C23:0
C24:0

0.66
1.75
14.27
1.56
4.70
1.24
0.67
0.10
0.75
0.22

initial temperature, 125°C; the oven temperature was increased to
145°C at a 8°C/min and held at 145°C for 26 min, then to 220°C at
2°C/min, and held for 1 min and finally raised at 1°C/min to 227°C

SFA

and held for 1 min. The split ratio was 10:1. The electron ionization
(EI) source was operated in scan mode from m/z 50 to 500 at a source
temperature of 230°C. The ionization energy and scanning frequency
were 70 eV and 3 scans/s, respectively. The identification of FA methyl
esters (FAMEs) was performed by comparison of retention times and
full scan EI mass spectra with those of a known concentration reference
standard of 37 FAMEs (GLC 37, Nu‐Chek Prep, Inc., Elysian, MN, USA).
The FA concentrations are reported in relation to the total
concentrations of FAs (% of the total FAs), as well as the total
proportion of saturated, monounsaturated and polyunsaturated FAs.

2.3
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Stable isotope analysis

MUFA C14:1n5
C15:1n5
C16:1n7*
C17:1n7*
C18:1n9*
C20:1*
C22:1n9
C24:1n9
PUFA

Dried muscle tissue powder was directly utilized for the nitrogen stable
isotope analysis. 1.5 mg of samples was added to a tin capsule prior to
analysis. For carbon stable isotope analysis, lipids were extracted from
the samples before analysis because lipids are depleted in 13C relative
to proteins and carbohydrates and the lipid concentration in muscle
may vary between individuals.18 To accomplish this, we collected
the solid residues from which lipids had been removed for FA analysis.
The δ13C samples were then dried in an oven at 80°C for 24 h, and
a 1.5‐mg subsample of lipid‐extracted powder was weighed into a
tin capsule.
Stable isotope analysis was performed using an IsoPrime 100
isotope ratio mass‐spectrometer (Isoprime Corporation, Cheadle
Hulme, UK) and a vario ISOTOPE cube elemental analyzer (Elementar
Analysensysteme GmbH, Hanau, Germany). The results are expressed
in δ‐notation in parts per thousand (‰) relative to international
reference materials USGS 24 (δ13C = −16.049 ‰) and USGS 26

1.13
1.12
1.11
1.45
3.01
3.46
1.47
0.16

PER
13

CHI
15

± 0.03a
0.03 ± 0.02b nd
± 0.11a
0.71 ± 0.02b nd
ab
15.66 ± 0.31a 13.07
± 0.92
± 0.08a
1.46 ± 0.05a 0.77
± 0.11a
5.55 ± 0.16b 3.51
± 0.09a
0.35 ± 0.02b 1.01
a
± 0.05
0.24 ± 0.01b 0.87
± 0.01a
1.54 ± 0.09b 0.17
± 0.06a
0.74 ± 0.08a 0.56
± 0.02a
1.00 ± 0.10b 0.74

± 0.41b
± 0.03b
± 0.19c
± 0.04c
± 0.03c
± 0.01a
± 0.11a
± 0.06b

± 0.11a
± 0.08a
± 0.08a
± 0.15a
± 0.18ab
± 0.11a
± 0.10a
± 0.01a

± 0.06c
± 0.04ab
± 0.04b
± 0.06b
± 0.07a
± 0.03b
± 0.03c

C18:2n6*
3.41 ± 0.24a
C18:3n3
0.42 ± 0.03a
C18:3n6
0.77 ± 0.06a
C20:2
0.95 ± 0.06a
C20:3n3
1.76 ± 0.12a
C20:3n6
nd
C20:4n6*
6.03 ± 0.18a
C20:5n3* EPA 8.81 ± 0.21a
C22:2n6
1.58 ± 0.25a
C22:6n3*
37.43 ± 1.99a
DHA
n6
11.03 ± 0.44a
n3
48.42 ± 1.82a
n3/n6
4.30 ± 0.33a

±
±
±
±
±
±
±
±

0.04b nd
0.02b 0.42
0.08b 1.24
0.19a 1.01
0.22a 2.42
0.13b 3.28
0.05b 0.88
0.10b 0.75

3.85 ±
1.04 ±
0.81 ±
1.03 ±
1.31 ±
1.22 ±
2.45 ±
7.85 ±
0.45 ±
39.67 ±

0.23a 4.57
0.06b 1.23
0.11a 0.95
0.05a 1.30
0.06b nd
0.07a 0.22
0.11b 6.99
0.14b 8.10
0.24b 0.18
0.92a 45.74

0.32
0.21
1.45
1.38
3.22
3.82
0.92
1.71

± 0.16b
± 0.10c
± 0.11b
± 0.04b
± 0.03b
± 0.22c
± 0.19b
± 0.12c
± 0.64b

7.49 ± 0.40b 11.96 ± 0.40a
49.87 ± 0.94a 55.07 ± 0.60b
6.00 ± 0.47b 4.34 ± 0.18a

EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; SFA: saturated
fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated
fatty acid; n6: omega‐6 fatty acids; n3: omega‐3 fatty acids. N: number of
samples; nd: not detected;
*: fatty acid present in greater than > 1% in all sites.
Values in each row followed by different alphabetic characters were
statistically different (one‐way analysis of variance (ANOVA) with post‐hoc
Tukey's HSD test).

(δ15N = 53.7 ‰). After every ten samples, a laboratory standard
(protein (δ13C = −26.98 ‰ and δ15N = 5.96 ‰)) was analyzed thrice with
a blank sample. The analytical errors were ± 0.05 ‰ and ± 0.06 ‰
for δ13C and δ15N values, respectively.

3
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Statistical analysis

RESULTS

|

|

Stable isotope ratios

No difference in mantle length was observed between D. gigas

To explore differences among geographic origins of samples, one‐way

captured from three locations in the eastern Pacific Ocean (CEP:

analysis of variance (ANOVA) with post‐hoc Tukey's honestly significant

30.3 ± 3.6 cm, PER: 33.9 ± 9.9 cm, CHI: 35.5 ± 3.3 cm, ANOVA,

difference (HSD) test were performed on the FA profiles and isotopic

F2,41= 2.36, p = 0.11). However, the δ13C and δ15N values were

datasets. To identify the most suitable discriminatory variables among

significantly different among geographic origins (ANOVA, δ13C:

geographic origins and the proportion of correct classification, FA and

F2,41= 66.49, p <0.01; δ15N: F2,41= 106.04, p <0.01). The squid from

isotopic variables were used in the stepwise discriminant analysis

CEP (−17.58 ± 0.21 ‰, range −17.87 to −17.0 ‰) had more negative

(SDA), a method of linear modeling with a leave‐one‐out stepwise jack‐

δ13C values than individuals from PER (−16.15 ± 0.45 ‰, range −17.07

knife procedure. Only those FAs presented in greater than 1% in all three

to −15.45 ‰) and CHI (−16.89 ± 0.33 ‰, range −17.44 to −16.23 ‰).

origins were selected for SDA because results can be biased due to many

In addition, higher δ15N values (13.48 ± 2.05 ‰, range 12.25 to 15.80 ‰

FAs not being identified in some origins (Table 1).

and 15.49 ± 2.05 ‰, range 11.67 to 18.40 ‰, respectively) were

All statistical tests were carried out in SPSS version 19.0 (IBM

found in squid captured from PER and CHI than from CEP (8.48 ± 0.74 ‰,

Corp., Armonk, NY, USA) using a significance level of p ≤0.05. All

range 7.25 to 9.66 ‰). However, a slight overlap was observed in

results are presented as mean value ± standard deviation (SD).

convex hulls between PER and CHI (Figure 2).
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Discriminatory variables

To identify variables that can distinguish the geographic origins of
D. gigas, the δ13C values, δ15N values, FAs and n3/n6 were in
combination subjected to stepwise discriminant analysis (SDA). Only
ten of the most abundant FAs (mean proportions greater than 1 % in all
regions, as indicated by '*' in Table 1) in squid were selected for SDA.
The SDA results revealed six variables that can be used to distinguish
the

geographic

origins

(δ15N,

C16:1n7,

C17:1n7,

C18:2n6,

C20:1, C20:4n6). Squid captured from three regions were effectively
identified with a cross‐validated classification rate of 100 % (Figure 3).

4

|

DISCUSSION

Stable isotope and FA analyses are considered as effective methods
to trace seafood products, such as fishes,17,18 shrimp,19 and sea
cucumber.21 With the rapid development of commercial squid
FIGURE 2

Stable carbon and nitrogen isotope ratios of Dosidicus gigas
from PER (off the Peruvian exclusive economic zone (EEZ)), CHI (off
the Chilean EEZ), and offshore waters of the central eastern Pacific (CEP)

3.2

|

Fatty acid profiles

products, effective approaches aimed to track processed squid are
needed. In this study, the biochemical tracers (FA profiles, δ13C and
δ15N values) were identified for the commercial targeting squid species,
D. gigas, to infer their geographic origins in the eastern Pacific Ocean.
Our results showed that the δ13C and δ15N values of squid muscle

The FA profiles of jumbo squid muscle from three geographic origins

tissues were different among origins. These differences are probably

are shown in Table 1. A total of 28 FAs were detected, with 10

due to the variation in food composition used by squid in different

FAs present at greater than 1% in all regions (as indicated by '*' in

regions, since δ13C values can reveal their food source.29 In addition,

Table 1). These ten FAs accounted for 76.88–91.97 % of all the FAs.

higher δ15N values suggest that squid captured from PER and CHI

Ten kinds of saturated fatty acids (SFAs) were detected in the

might feed at a higher trophic level than individuals from CEP

mantle muscle of D. gigas from CEP and PER, and eight in specimens

(Figure 2). The average difference in δ15N values of squids between

from CHI (Table 1). The total amount of SFAs in CHI squid (20.71 ±

CEP and CHI is 7.01 ‰, greater than 2 trophic levels assuming

0.27 %) was significantly lower than in those of specimens from CEP

that 2.75 ‰ is the trophic enrichment factor between squid and

and PER (25.93 ± 0.96 % and 27.28 ± 0.44 %, respectively, ANOVA,

their food.27 Another possible explanation of such variations in

F2,41 = 28.95, p <0.01). Most of the SFAs showed different amounts

isotopic ratios could be the differences in oceanographic and

among areas, except for tricosylic acid (C23:0). In all origins, the most
abundant SFA was palmitic acid (C16:0) which represented over 50%
of all SFAs (Table 1).
Different types of monounsaturated fatty acids (MUFAs) were
detected in the three regions; e.g., myristoleic acid (C14:1n5) was not
observed in CHI squid (Table 1). The ANOVA results showed that all
the MUFAs were significantly influenced by geographic origin. The
total amounts of MUFAs in CEP and PER squid (12.91 ± 0.70% and
13.04 ± 0.38 %, respectively) were higher than those in CHI individuals
(10.01 ± 0.23 %, ANOVA, F2,41 = 11.12, p <0.01). Moreover, the
observed proportion of MUFAs was less than the SFAs or PUFAs in
each region (Table 1).
Polyunsaturated fatty acids (PUFAs) were the dominant FAs in
D. gigas muscle tissues, accounting for 59.68–69.28 % of all FAs.
Significant spatial variations were found in all PUFAs, and the highest
total content of PUFAs was present in squid from CHI (Table 1). Of
the ten PUFAs detected, relatively higher proportions were observed
of DHA (docosahexaenoic acid) and EPA (eicosapentaenoic acid)
(Table 1). As an important indicator to describe the FA profiles, the ratio
of omega‐3 and omega‐6 fatty acids (n3/n6) showed significant
differences (ANOVA, F2,41 = 7.88, p <0.01). The maximum n3/n6 values
occurred in PER (6.00 ± 0.47) while the values for CEP and CHI were
4.30 ± 0.33 and 4.34 ± 0.18, respectively.

FIGURE

3 Stepwise discriminant analysis plots showing the
distribution of Dosidicus gigas from three regions: PER (off the
Peruvian exclusive economic zone (EEZ)), CHI (off the Chilean EEZ),
and offshore waters of the central eastern Pacific (CEP)
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biogeochemical conditions.30,31 Compared with less productive offshore

D. gigas into geographic groupings. These results are also in agreement

waters (i.e. CEP), higher δ13C and δ15N values are associated with

with several studies in which a combination of FAs and stable isotopes

high productivity in near‐shore waters, such as the nutrient‐enriched

was used to discriminate the origin of seafood products.17,21 Thomas

Humboldt Current and upwelling regions (i.e. PER and CHI). These spatial

et al17 used FA and stable isotope analyses to distinguish wild or

variabilities affect the δ13C and δ15N baseline values and can be

farmed origins of Atlantic salmon (Salmo salar). The authors found that

propagated up in the squid's tissues through the diet.26,32 Moreover,

δ15N values in choline and δ18O values measured on total oil were

latitudinal gradients in δ C and δ N values have also been observed

the most suitable variables for tracing salmon to their location. Fatty

in the eastern Pacific Ocean.25,26 For instance, differences of nearly

acids, on the other hand, were less useful parameters. To identify

4.00 ‰ in δ C values and 8.00 ‰ in δ N values were detected in

the geographic origins of sea cucumbers (Apostichopus japonicus),

D. gigas muscle tissues along a 15° latitudinal gradient in the Humboldt

Zhang et al21 used a combination of FA composition and stable

13

15

13

15

25

Current Ecosystem.

Although spatial variations were found in the

isotope ratios from the body wall of individuals. In their study,

isotopic ratios, there is still considerable overlap between the PER and

overlaps in origin were observed when δ13C and δ15N values were

CHI convex hull areas (Figure 2), which indicates that δ13C and δ15N

used alone, but a complete separation of origin was demonstrated

values alone cannot be used to distinguish all origins.

when combined with FAs. This corresponds to our findings, where

D. gigas varied in their FA profiles for the three geographic origins,

an overlap was observed between the PER and CHI isotopic ratios

showing the effectiveness of these profiles for discriminating the

(Figure 2), and the identification of origin was improved by the

origins. Considering the environmental conditions (e.g. sea surface

addition of the FA data (Figure 3). Another interesting finding is that

temperature and food availability) that each group experiences at a

18:2n6 and 20:4n6 were two of the most important variables to

given location, we conclude that our results can be explained by these

distinguish D. gigas captured from different areas, whereas Stowasser

environmental differences. CEP is affected by a warm Equatorial

et al29 reported that these two FAs were not affected by the diet of

Counter Current and cooler south Equatorial Current (Figure 1), while

squid Lolliguncula brevis. This difference is thought to depend on

PER and CHI are influenced by the cold Humboldt Current and strong

different abilities of synthesis, uptake and retention of certain FAs,

upwelling of cool subsurface waters.33,34 In general, being a higher

because D. gigas has much higher growth and metabolic rates than

latitude region, CHI has a lower sea surface temperature. Upwelling

L. brevis.6,42

of nutrient‐enriched waters from the Humboldt Current supplies
sufficient nutrients to regions off Peru and Chile (i.e. PER and CHI),
while central equatorial Pacific waters (CEP) have lower primary
33

productivity.

The differences in ambient conditions in each region

may consequently result in spatial variations in FA profiles. For example,
several studies have shown that sea surface temperature and food
availability may influence D. gigas energetic requirements for growth or
reproduction.35,36 As the functional storage lipids, SFAs are synthesized
to provide an adequate energy source for growth and survival of marine
organisms.22,23 Hence, geographic variations in SFAs are probably due to
the different energy demands of squid inhabiting distinct oceanographic
areas. Nonetheless, palmitic acid (C16:0) was identified as the basic SFA
in all samples. The results are in good agreement with the observed
dominance of palmitic acid in D. gigas mantle and arm muscle off
northern Peru.37 This trend has also been reported for other squid
species.29,38 Palmitic acid is particularly useful for growth as a
preferential energy source for metabolism, and high amounts of palmitic
acid favor rapid growth of D. gigas.39 PUFAs were identified as the basic
FAs in D. gigas muscle tissues. These results have been recently
reported by other researchers,29,38 and observed in D. gigas liver.37

5

|

CO NC LUSIO NS

Our study used comparative analyses of fatty acid composition and
stable isotope ratios in D. gigas muscle to evaluate variability in
geographic origins and to identify the most suitable discriminatory
variables among them. Both FAs and isotopic ratios showed spatial
variability between squid captured from three harvest locations in
the eastern Pacific Ocean, and the combined use of FA composition
and stable isotope ratios traced jumbo squid origins. We propose that
the observed variations could be the result of differences in food
availability and/or oceanographic conditions. Future work is needed
to confirm the exact relationship between the D. gigas FA profiles
and variations of the environment. Above all, these results are relevant
for commercial squid food products. A combination of FA and stable
isotope analyses is an alternative method for origin traceability of
pelagic squid and for ensuring food quality.
ACKNOWLEDGEMENTS

The region‐specific content of PUFAs in squid tissues could correspond

We thank observers who helped us with the collection and processing

to their dietary sources (i.e. food availability). This is because of the

of samples. We also thank Mary Hunsicker for providing language help

inability of high trophic level predators to synthesize longer‐chained

and writing assistance. This work was supported by National Natural

Indeed, differences in prey items always

Science Foundation of China (41541042), National Natural Science

been found in population units within D. gigas. For example, the main

Foundation of Shanghai (17ZR1413000), Shanghai Leading Academic

24

PUFAs, such as DHA and EPA.

whereas cephalopods

Discipline Project (Fisheries Discipline) and Laboratory for Marine

are the dominant food sources in D. gigas which are found in the

Fisheries Science and Food Production Processes, Qingdao National

prey of D. gigas off Chile is pelagic fishes,
waters off Peru.

40

41

Laboratory for Marine Science and Technology (2017‐1A03).

In this study, stepwise discriminant analysis revealed a high rate
of correct classification of D. gigas (Figure 3). These results indicate

ORCID

that stable isotopes and FAs are suitable tracers for separating the

Yunkai Li

http://orcid.org/0000-0002-3686-1967

588

RE FE R ENC E S
1. Olsen SO. Antecedents of seafood consumption behavior: An overview.
J Aquat Food Prod Technol. 2004;13:79‐91. https://doi.org/10.1300/
J030v13n03_08
2. Simopoulos AP. Evolutionary aspects of diet, the omega‐6/omega‐3
ratio and genetic variation: nutritional implications for chronic diseases.
Biomed Pharmacother. 2006;60:502‐507. https://doi.org/10.1016/j.
biopha.2006.07.080
3. Leal MC, Pimentel T, Ricardo F, Rosa R, Calado R. Seafood traceability:
current needs, available tools, and biotechnological challenges for origin
certification. Trends Biotechnol. 2015;33:331‐336. https://doi.org/
10.1016/j.tibtech.2015.03.003
4. Olivas RR, Sández OR, Haard NF, Aguilar RP, Brauer JME. Changes in
firmness and thermal behavior of ice‐stored muscle of jumbo squid
(Dosidicus gigas). Eur Food Res Technol. 2004;219:312‐315. https://doi.
org/10.1007/s00217‐004‐0991‐5
5. Chen X, Liu B, Chen Y. A review of the development of Chinese distant‐
water squid jigging fisheries. Fish Res. 2008;89:211‐221. https://doi.
org/10.1016/j.fishres.2007.10.012
6. Nigmatullin CM, Nesis KN, Arkhipkin AIA. review of the biology of the
jumbo squid Dosidicus gigas (Cephalopoda: Ommastrephidae). Fish Res.
2001;54:9‐19. https://doi.org/10.1016/S0165‐7836(02)00029‐2
7. Food and Agricultural Organization of United Nations (FAO). FAO
Yearbook, Fishery and Aquaculture Statistics; 2014. Available: http://
www.fao.org/3/a‐i5716t.pdf (accessed December 10, 2016).
8. Uriarte‐Montoya MH, Arias‐Moscoso JL, Plascencia‐Jatomea M, et al.
Jumbo squid (Dosidicus gigas) mantle collagen: Extraction, characterization, and potential application in the preparation of chitosan–collagen
biofilms. Bioresour Technol. 2010;101:4212‐4219. https://doi.org/
10.1016/j.biortech.2010.01.008
9. Cortés‐Ruiz JA, Pacheco‐Aguilar R, Lugo‐Sánchez ME, Carvallo‐Ruiz
MG, García‐Sánchez G. Production and functional evaluation of a
protein concentrate from giant squid (Dosidicus gigas) by acid dissolution
and isoelectric precipitation. Food Chem. 2008;110:486‐492. https://
doi.org/10.1016/j.foodchem.2008.02.030
10. Campo‐Deaño L, Tovar CA, Pombo MJ, Solas MT, Borderías AJ.
Rheological study of giant squid surimi (Dosidicus gigas) made by two
methods with different cryoprotectants added. J Food Eng.
2009;94:26‐33. https://doi.org/10.1016/j.jfoodeng.2009.02.024
11. Medellín‐Ortiz A, Cadena‐Cárdenas L, Santana‐Morales O. Environmental
effects on the jumbo squid fishery along Baja California's west coast.
Fish Sci. 2016;82:851‐861. https://doi.org/10.1007/s12562‐016‐1026‐4
12. Markaida U. Population structure and reproductive biology of jumbo
squid Dosidicus gigas from the Gulf of California after the 1997‐1998
El Niño event. Fish Res. 2006;79:28‐37. https://doi.org/10.1016/j.
fishres.2006.02.009
13. Liu B, Fang Z, Chen X, Chen Y. Spatial variations in beak structure to
identify potentially geographic populations of Dosidicus gigas in the
Eastern Pacific Ocean. Fish Res. 2015;164:185‐192. https://doi.org/
10.1016/j.fishres.2014.12.001
14. Gong Y, Li Y, Chen X, Fang Z. Geographic variations of jumbo squid
(Dosidicus gigas) based on gladius morphology. Fish Bull. 2018;116:50‐
59. https://doi.org/10.7755/FB.116.1.5
15. Rasmussen RS, Morrissey MT. DNA‐based methods for the
identification of commercial fish and seafood species. Compr Rev Food
Sci Food Saf. 2008;7:280‐295. https://doi.org/10.1111/j.1541‐
4337.2008.00046.x
16. Sandoval‐Castellanos E, Uribe‐Alcocer M, Díaz‐Jaimes P. Population
genetic structure of the Humboldt squid (Dosidicus gigas d'Orbigny,
1835) inferred by mitochondrial DNA analysis. J Exp Mar Biol Ecol.
2010;385:73‐78. https://doi.org/10.1016/j.jembe.2009.12.015
17. Thomas F, Jamin E, Wietzerbin K, et al. Determination of origin of
Atlantic salmon (Salmo salar): The use of multiprobe and multielement
isotopic analyses in combination with fatty acid composition to assess
wild or farmed origin. J Agric Food Chem. 2008;56:989‐997. https://
doi.org/10.1021/jf072370d

GONG

ET AL.

18. Kim H, Kumar KS, Shin KH. Applicability of stable C and N isotope
analysis in inferring the geographical origin and authentication of
commercial fish (Mackerel, Yellow Croaker and Pollock). Food Chem.
2015;172:523‐527. https://doi.org/10.1016/j.foodchem.2014.09.058
19. Ortea I, Gallardo JM. Investigation of production method, geographical
origin and species authentication in commercially relevant shrimps
using stable isotope ratio and/or multi‐element analyses combined
with chemometrics: An exploratory analysis. Food Chem.
2015;170:145‐153. https://doi.org/10.1016/j.foodchem.2014.08.049
20. Spangenberg JE. Bulk C, H, O, and fatty acid C stable isotope analyses
for purity assessment of vegetable oils from the southern and northern
hemispheres. Rapid Commun Mass Spectrom. 2016;30:2447‐2461.
https://doi.org/10.1002/rcm.7734
21. Zhang X, Liu Y, Li Y, Zhao X. Identification of the geographical origins of
sea cucumber (Apostichopus japonicus) in northern China by using stable
isotope ratios and fatty acid profiles. Food Chem. 2017;218:269‐276.
https://doi.org/10.1016/j.foodchem.2016.08.083
22. Quérouil S, Kiszka J, Cordeiro AR, et al. Investigating stock structure
and trophic relationships among island‐associated dolphins in the oceanic waters of the North Atlantic using fatty acid and stable isotope
analyses. Mar Biol. 2013;160:1325‐1337. https://doi.org/10.1007/
s00227‐013‐2184‐x
23. Ricardo F, Pimentel T, Moreira AS, et al. Potential use of fatty acid profiles of the adductor muscle of cockles (Cerastoderma edule) for
traceability of collection site. Sci Rep. 2015;5:11125. https://doi.org/
10.1038/srep11125
24. Iverson SJ, Field C, Don Bowen W, Blanchard W. Quantitative fatty
acid signature analysis: a new method of estimating predator diets. Ecol
Monogr. 2004;74:211‐235. https://doi.org/10.1890/02‐4105
25. Argüelles J, Lorrain A, Cherel Y, et al. Tracking habitat and resource use
for the jumbo squid Dosidicus gigas: a stable isotope analysis in the
Northern Humboldt Current System. Mar Biol. 2012;159:2105‐2116.
https://doi.org/10.1007/s00227‐012‐1998‐2
26. Ruiz‐Cooley RI, Gerrodette T. Tracking large‐scale latitudinal patterns
of δ13C and δ15N along the E Pacific using epi‐mesopelagic squid as
indicators. Ecosphere. 2012;3:1‐17. https://doi.org/10.1890/ES12‐
00094.1
27. Caut S, Angulo E, Courchamp F. Variation in discrimination factors
(Δ15N and Δ13C): the effect of diet isotopic values and applications
for diet reconstruction. J Appl Ecol. 2009;46:443‐453. https://doi.org/
10.1111/j.1365‐2664.2009.01620.x
28. Folch J, Lees M, Sloane‐Stanley GH. A simple method for the isolation
and purification of total lipids from animal tissues. J Biol Chem.
1957;226:497‐509.
29. Stowasser G, Pierce GJ, Moffat CF, Collins MA, Forsythe JW. Experimental study on the effect of diet on fatty acid and stable isotope
profiles of the squid Lolliguncula brevis. J Exp Mar Biol Ecol.
2006;333:97‐114. https://doi.org/10.1016/j.jembe.2005.12.008
30. Owens NJ. Natural variations in
Mar Biol. 1988;24:389‐451.

15

N in the marine environment. Adv

31. Graham BS, Koch PL, Newsome SD, McMahon KW, Aurioles D. Using
isoscapes to trace the movements and foraging behavior of top predators in oceanic ecosystems. In: West J, Bowen G, Dawson T, Tu K, eds.
Isoscapes. Dordrecht: Springer; 2010:299‐318.
32. Li Y, Gong Y, Zhang Y, Chen X. Inter‐annual variability in trophic
patterns of jumbo squid (Dosidicus gigas) off the exclusive economic
zone of Peru, implications from stable isotope values in gladius. Fish
Res. 2017;187:22‐30. https://doi.org/10.1016/j.fishres.2016.11.005
33. Anderson CI, Rodhouse PG. Life cycles, oceanography and variability:
ommastrephid squid in variable oceanographic environments.
Fish
Res.
2001;54:133‐143.
https://doi.org/10.1016/S0165‐
7836(01)00378‐2
34. Chavez FP, Bertrand A, Guevara‐Carrasco R, Soler P, Csirke J. The
northern Humboldt Current System: Brief history, present status and
a view towards the future. Prog Oceanogr. 2008;79:95‐105. https://
doi.org/10.1016/j.pocean.2008.10.012

GONG

589

ET AL.

35. Keyl F, Argüelles J, Mariátegui L, Tafur R, Wolff M, Yamashiro C.
A hypothesis on range expansion and spatio‐temporal shifts in size‐at‐
maturity of jumbo squid (Dosidicus gigas) in the Eastern Pacific Ocean.
CalCOFI Rep. 2008;49:19‐128.

40. Pardo‐Gandarillas MC, Lohrmann KB, George‐Nascimento M, Ibáñez
CM. Diet and parasites of the jumbo squid Dosidicus gigas in the
Humboldt Current System. Molluscan Res. 2014;34:10‐19. https://doi.
org/10.1080/13235818.2013.860870

36. Staaf DJ, Zeidberg LD, Gilly WF. Effects of temperature on embryonic
development of the Humboldt squid Dosidicus gigas. Mar Ecol Prog Ser.
2011;441:165‐175. https://doi.org/10.3354/meps09389

41. Alegre A, Menard F, Tafur R, et al. Comprehensive model of jumbo
squid Dosidicus gigas trophic ecology in the northern Humboldt
Current System. PloS One. 2014;9:e85919. https://doi.org/10.1371/
journal.pone.0085919

37. Saito H, Sakai M, Wakabayashi T. Characteristics of the lipid and
fatty acid compositions of the Humboldt squid, Dosidicus gigas:
The trophic relationship between the squid and its prey. Eur J
Lipid Sci Technol. 2014;116:360‐366. https://doi.org/10.1002/
ejlt.201300230
38. Pethybridge HR, Nichols PD, Virtue P, Jackson GD. The foraging
ecology of an oceanic squid, Todarodes filippovae: the use of
signature lipid profiling to monitor ecosystem change. Deep‐Sea
Res
Part
II.
2013;95:119‐128.
https://doi.org/10.1016/j.
dsr2.2012.07.025
39. Henderson RJ, Sargent JR, Hopkins CCE. Changes in the content and
fatty acid composition of lipid in an isolated population of the
capelin Mallotus villosus during sexual maturation and spawning. Mar
Biol. 1984;78:255‐263. https://doi.org/10.1007/BF00393011

42. Jackson GD, Forsythe JW, Hixon RF, Hanlon RT. Age, growth, and
maturation of Lolliguncula brevis (Cephalopoda: Loliginidae) in the
northwestern Gulf of Mexico with a comparison of length‐frequency
versus statolith age analysis. Can J Fish Aquat Sci. 1997;54:2907‐
2919. https://doi.org/10.1139/cjfas‐54‐12‐2907

How to cite this article: Gong Y, Li Y, Chen X, Chen L.
Potential use of stable isotope and fatty acid analyses for
traceability of geographic origins of jumbo squid (Dosidicus
gigas). Rapid Commun Mass Spectrom. 2018;32:583‐589.
https://doi.org/10.1002/rcm.8071

