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Abstract

Aim : To determine if stable isotope analysis is a viable tool for authenticating the geographical origin of
seafood purchased from the market. The carbon and nitrogen isotope values of samples were analysed to
determine if they differ according to their source.

Methodology : One set of barramundi samples were purchased from three different markets and another
set was obtained directly from a farm. Two sets of tiger prawn samples were obtained from the same
markets as the barramundi. These samples were then analysed using isotope ratio mass spectrometry to

determine their carbon and nitrogen isotopic values.
Unknown
Sample

Results : The barramundi
samples showed significant
differences between sources in
both the 5°C (< 0.05) and 5°N
(< 0.05) values. Similarly, the
tiger prawn samples also
showed significant differences
between sources in the §°C (<
0.05) and "N (p-value < 0.05)
values.

Stable isotope
analysis

—

Geographic

Interpretation : This pilot study
successfully distinguished
between barramundi samples
and tiger prawns from different
geographical locations. We
recommend that further studies
be conducted with a higher
number of samples, and
multiple sites from different ”
; } origin
geographic regions, and to
account for factors influencing
the 8"C and 5"°N values. This
study highlights the potential of

isotopic analysis as a tool for #

policy makers and regulatory
bodies to verify seafood [

Farm vs. Wild

provenance and enforce
industry compliance for source
labelling of seafood products.

Samples production
method and origin
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Introduction

The global population is predicted to increase to around 8
to 11 billion by 2050 (Ezeh et al., 2012). Along with the increase in
global population, there will be a commensurate increase in food
consumption, most of which will consist of an increased intake of
seafood (FAO, 2014). During 2014, the annual consumption of
fishery products was estimated to be 146 million tonnes, which
rose from 128 million tonnes in 2010 to 136 million tonnes in 2012
(FAO, 2016). Seafood has been recommended as a component
of nutritious diet because it is considered to be an essential
source of omega-3 fatty acids, high-value protein, vitamins and
iodine (Sioen et al. 2007; World Health Organization, 2003). The
importance of seafood is highlighted by the market value of
fisheries-based industries, which is collectively around $94 billion
USD. With seafood consumption increasing on a global scale,
and with 44% of the world's fisheries being fully to heavily
exploited, the only sustainable solution is the use of aquaculture
to supportdemand (Botsford et al., 1997; Kearney, 2010).

Food traceability or authentication has emerged as a
major concern for both consumers and government bodies at a
global scale. This is largely due to concern over food safety,
hygiene and accuracy of labelling of imported products (Furness
and Osman, 2006). Food traceability has been defined as “the
ability to trace and follow a food, feed, food-producing animal or
substance intended to be, or expected to be incorporated into a
food or feed, through all stages of production, processing and
distribution” (European Union, 2002). Food fraud is estimated to
cost the global food industry around $40 billion USD per annum
and recent regulatory efforts, such as the European Union's
General Food Law Regulation, necessitates a system of tracing
food accurately and effectively (European Union, 2002).
Furthermore, the production methods of seafood are also under
scrutiny by consumers who want more environmentally friendly
products (Kelly, 2003).

Australia is one of the leading importers of seafood in the
Australasian region; over 72%, or about 200,000 tonnes, of the
seafood consumed in Australia is imported from overseas. This
number is expected to increase to 500,000 tonnes in the next 15
years to meet consumer demand (Grant, 2011). This raises some
issues about food provenance, as substances which are banned
inAustralia, such as antibiotics, were found in imported seafood in
2012. Recently, the Australian Government banned the import of
raw green prawns into Australia, due to an outbreak of white spot
disease in South East Queensland prawn farms. To date, the
origin of the disease is unknown but it is speculated to have
originated from imported seafood products or possibly formulated
prawn feed or its associated ingredients. Such issues with the
quality and safety of imported seafood (as well as products such
as fishmeal) highlight the need for a reliable method of tracing and
authenticating the quality of seafood. Authentication and
traceability of seafood products, as well as fish feed ingredients,
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is also important for local aquaculture industries, as well as
commercial and recreational fishers.

Stable Isotope Analysis (SIA) uses isotopes assimilated
into animal tissues to provide quantitative data, which can be
used to distinguish between samples (Meier-Augenstein, 2010).
Isotopes are elements that have the same number of protons but
different numbers of neutrons. Animals that consume primary
producers and other sources of nutrients have distinct isotopic
compositions and incorporate these isotopic signatures into their
own tissues, although fractionated to a largely predictable extent
(Ehleringer et al., 1986). These consumers, therefore, reflect the
ratios of the food sources they assimilate, and this is integrated
over the time required for elemental turnover in their tissues
(Anderson et al., 1987; Kling et al., 1992).

SIA has been utilised previously in seafood traceability
with some caveats. For instance, Fasolato et al. (2010) used 5°C
analysis of fat-free muscle to distinguish between farmed and wild
caught Sea Bass because the 5”C shows the feeding habit of
these fish. Moreover, §"°C was selected on the basis of past work
by Sweeting et al. (2007) who concluded that there was a minimal
seasonal variation in the ratio of 5C, especially in large predatory
fish. However, a study conducted on wild caught and farmed
Brazilian freshwater cachara (Pseudoplatystoma fasciatum)
suggested that there is seasonal variability in the carbon to
nitrogen (C:N) ratio, especially in the wet season and the C:N ratio
was indistinguishable in the dry season. The dietary reasons why
the nutritional quality of farmed fish was higher, as well as the lack
of variability in the C:N ratios in the dry season needs further
research (Sant'Ana et al., 2010). However, these contrasting
results suggest that using SIA alone, without further studies, may
not be adequate to distinguish the geographic origins of seafood.
Carter et al. (2015) analysed hydrogen and oxygen stable
isotopes in the water recovered from frozen prawns to
differentiate between Australian and imported prawns. The
oxygen and hydrogen analysis of water alone was unable to
distinguish between Australian and imported samples.
Moreover, there was no correlation between the stable carbon and
nitrogen isotopic values of prawn tissue. This was more than likely
due to water being added through the freezing process (Carter et
al., 2015). However, the 5°C values provided a reliable method of
distinguishing between the Australian and imported prawns.
Turchini et al. (2009) used carbon, nitrogen and oxygen stable
isotopes, as well as chemical analyses to discriminate between
different prawn farms. While the study was unable to use water
alone to authenticate the origins of the prawns, it demonstrated that
non-destructive sampling of seafood was possible. Such studies
highlight the importance of developing SIA through further research
to determine its utility in provenance authentication.

The objective of this study was to determine if SIAis a
viable tool for determining seafood provenance for two commonly
imported species. The study used samples of barramundi, Lates
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calcarifer (hereon referred to as barramundi) and the Giant tiger
prawn, Penaeus monodon (hereon referred to as tiger prawns), to
test the hypothesis that stable isotope signatures differ
consistently between conspecific samples of different origin.
Barramundiis a valuable fish in Australia for both commercial and
recreational fishing and are typically found in estuaries with open
access to the sea in tropical and subtropical latitudes. It is a
catadromous species that migrates from estuaries to the sea to
spawn (Davis, 1986). Similarly, the tiger prawn is also a highly
commercially valuable species in Australia and South-East Asia
(CSIRO, 2017), where itis farmed or wild-caught.

Materials and Methods

Three individual barramundi fillets labelled as a farmed
product of Taiwan were purchased from three different markets in
Sydney, New South Wales. Additionally, three individual
barramundi fillets were purchased from a farm in Malaysia
through an agent. The fillets were of similar size (~22cm).
Similarly, farmed tiger prawns labelled as products of Australia
and Thailand, which were also purchased from the same three
markets. The tiger prawns were also similar in size to each other
(~9cm). We were unable to verify the accuracy of the labels with
respectto provenance.

In the laboratory, all samples were subsequently washed
with de-ionised water and frozen until analysis. The samples were
thawed and white muscle tissue from the dorsum was removed
using a clean stainless-steel blade. Hesslein et al. (1993) showed
that the dorsal muscle tissue is the most reliable indicator of the
overall isotope values in fish, and sampling of the dorsal muscle
has become the standard in this field of research (Mazumder et
al., 2008). The tissue samples were placed in clean petri dishes
and dried at ~60°C for 48 hrs; the dried samples were then ground
into a fine powder using a mortar and pestle, which were cleaned
with ethanol between each sample (Mazumder et al.,; 2016). The
powdered samples were then loaded into-tin capsules and
compacted manually to remove air spaces (Mazumder et al.,
2008).

The isotopic analysis was conducted at the Australian
Nuclear Science and Technology Organisation (ANSTO) in
Sydney, Australia using a continuous-flow isotope ratio mass
spectrometer (CF-IRMS) model Delta V Plus (Thermo Scientific
Corporation, U.S.A.), interfaced with an elemental analyser
(Thermo Fisher Flash 2000 HT EA, Thermo Electron Corporation,
U.S.A). All data were reported relative to IAEA (International
Atomic Energy Agency) secondary standards and were certified
relative to air for nitrogen and VPDB (Vienna-PeeDee Belemnite)
for carbon. Atwo-point calibration was used to normalise the data,
using standards that bracket the analysed samples. Two quality
control references (standards) were included in each run of
samples. All results were accurate to 1% for both carbon and
nitrogen isotope values and +0.3 parts per thousand (%o) for §"°C
and 8"N. All results were reported in delta (5) units in parts per
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thousand (%o) determined using the formula below:

x(l,,) = ( Rsample 1) x 1000
Rstandard

Lipid extraction is generally not carried out as it only
changes the stable carbon isotope values by 0.4%0—1.0%o in adult
fish (Sotiropoulos, Tonn & Wassenaar, 2004). In this study, we
used the formula given by Post et al. (2007), to correct lipids, if the
C:N ratio was greater than 3.5 to normalise the lipid content of the
tissues:

3" C normalised = 8" C untreated - 3.32 + 0.99x C : N

All data were analysed using Rstudio (RStudio Team
2016). T-tests were used to determine if the difference in means
between the two sets of samples collected from different
geographical locations were significantly different.

Results and Discussion

The samples showed very strong differences in nitrogen
and carbon stable isotopes. The differences in the carbon isotopic
values of Taiwanese barramundi (-19.36 + 0.31, ranging from -
19.14 10 -19.72) was significantly enriched (<0.05) compared to
the Malaysian barramundi (-21.8 + 0.08, ranging from -21.71 to -
21.86). Similarly, the differences in nitrogen isotopic values from
the Taiwanese barramundi (10.53 + 0.15, ranging from 10.4 to
10.7) were significantly enriched (<0.05) when compared with the
Malaysian barramundi (8.92 + 0.04, ranging from 8.9 to 8.97)
(Fig. 1A).

The carbon isotopic values of tiger prawns from Australia
(-20.04 £ 0.12, ranging from -19.9 to -20.11) were significantly
enriched (<0.05) compared to the prawns from Thailand (-21.16 £
0.17, ranging from -20.97 to -21.31). The nitrogen values of the
Australian prawns (8.27 + 0.35, ranging from 7.9 to 8.6) were
significantly enriched (p-value: <0.05) from the prawns from
Thailand (7.07 £ 0.25, ranging from 6.8 to 7.3) (Fig. 1B).

The findings of this study highlights the value to further
develop this technique as a tool in seafood authentication. This
study is unique in the sense that it has relied solely on the
utilisation of SIA, whereas most previous studies have used
multiple techniques to achieve a similar result.

Busetto et al. (2008) used the fatty acid composition and
SIA to distinguish between the production method and
geographic origin of Psetta maxima. It was recommended that
using SIAin combination with fatty acid composition to distinguish
between the tested geographic origins (Busetto et al., 2008).
Since SIA is a rapid method of analysis, it was suggested this
would be ideal to distinguish between the wild-caught samples
from different origins. Other studies, such as Turchini et al. (2009),
showed that SIA alone was capable of distinguishing between fish
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Fig.1: Stable carbon and nitrogen isotope values of finfish and prawn analysed from different geographical locations. Panel Ashows the stable isotopic
values of tiger prawns (Penaeus monodon) and panel B shows the stable isotopic values of barramundi (Lates calcarifer)

produced from different farms due to variability in their diets. The
study also showed that SIA was more reliable than traditional
methods, such as fatty acid profiling. However, to fully test the
utility of SIA for determining seafood provenance, more samples
from wild-catch fisheries and farms are needed, particularly to
understand if seasonal variability and other factors would
decrease the accuracy of the analysis.

Both the analyzed barramundi and tiger prawn samples
had significantly different 5°C and 8N values, and hence it could
be stated that samples from different source regions can have
widely different stable isotope signatures. The Taiwanese
barramundi did not come from authenticated origins, but the
Malaysian samples were authenticated as they were purchased
from their source. Since neither of the tiger prawn samples were
from authenticated sources, without further data and studies it is
not possible to confidently identify the driving factors behind their
differences.

The nitrogen isotopic values of the Taiwanese
barramundi were enriched compared to the Malaysian farm-
derived samples. There are two potential explanations for this.
First, if they were produced in a farm, then their dietary source of
nitrogen consisted of a higher 8"N value feed when compared to
the authenticated Malaysian barramundi. If the Taiwanese
barramundi were wild-caught, then the nitrogen isotopic values
would suggest that their diets consisted of organisms from a
higher trophic level. Since the Taiwanese samples were not
authenticated it cannot be determined which scenario is more
likely. Asimilar conclusion can be drawn regarding the tiger prawn
samples from Australia. However, as neither the Australian nor
the Thai tiger prawns were from authenticated sources it cannot

be assumed that their dietary sources alone can explain the
variation and nor can other factors such as pollution in the
environment affecting the 5N value be ruled out (Mazumder et
al., 2011; Saintilan and Mazumder, 2017).

The carbon isotope values of the Taiwanese barramundi
were enriched when compared to the samples from Malaysia.
The carbon isotopic values of Taiwanese barramundi indicates
that the dietary sources probably consisted of a mixture of
variable C3 and C4 plant-based materials or even seagrass-
based nutrients. This can then be compared with SIA values of
wild-caught samples from different marine organisms in the
Matang Mangrove Estuary, Malaysia. The top predatory fishes in
this ecosystem were perch (Johnius belangerii) (5°C: -19.48 +
0.94) and Indian threadfin (Leptomelanosoma indicum) (5"C: -
17.93 £ 1.43). When the Taiwanese barramundi samples were
compared to these fish it suggested that they were more likely
to be wild-caught samples; however, without further data it was
not possible to accurately determine if this was the case. The
carbon isotope values of the Taiwanese barramundi also
suggest that the dietary carbon of the fish was from a marine-
based source (Chisholm et al., 1982). Additionally, given that
the Malaysian samples were authenticated, the carbon isotopic
values indicate that the fish were farmed under freshwater
conditions. Therefore, the carbon isotopic values also provided
some information regarding not only the geographic origin but
also the production method. A similar conclusion can be drawn
for the tiger prawns; however, because authenticated samples
were not analysed, the dietary sources and production methods
of these prawns cannot be determined (Mazumder et al., 2011;
Saintilan and Mazumder, 2017).
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Previous studies had varying success in identifying the
origin of seafood using SIA. Kim et al. (2015) used samples
obtained from the market, and their catchment area and country
of origin were confirmed. These samples were then used for
cytochrome oxidase sequencing to determine the species of
shrimp and fish, which helped to distinguish their geographic
origins. Additionally, SIA revealed differences in their 5°C and
"N for some geographic origins. However, for some samples
such as wild-caught hairtail from Korea and India had similar
values. Our pilot isotopic analysis suggests that geographic
variation in sample sources might be identifiable. To precisely
understand the entire isotopic variability, more samples will be
needed from authenticated sources with additional
environmental and production method data.

Consumers are also concerned regarding the production
methods used to produce seafood (Kelly, 2003). For this study, all
samples, except the Malaysian barramundi, were obtained from
the market, where it was not possible to authenticate the labelling.
Molkentin et al. (2007) studied the use of SIA of the 5"°C and §"°N
ratio to differentiate between wild-caught salmon or those that
were either conventionally or organically farmed. They found that
a combination of linoleic acid and SIA was necessary to
distinguish between the three different production methods of the
Atlantic salmon. Later work by Molkentin et al. (2015)
successfully used SIA to determine the production methods for
Atlantic salmon and trout.

In conclusion, this pilot study used a small number of
samples to investigate the potential use of SIA as a method of
seafood provenance. The results of this analysis are positive in
the sense that they can clearly distinguish between the geographic
regions of both barramundi and tiger prawns. However, the sole use
of SIAwas unable to precisely identify the production methods and
to understand all the variables influencing these differences. Future
studies should utilise a higher number of authenticated samples
along with other variable data, such as season of collection,
environmental conditions, diet sources and production methods.
When all the different variables are known, the use of SIA could
potentially distinguish between not only the geographic origins but
also the production method of seafood.
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