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Abstract
The aim of this study was to use proximate chemewathposition, amcro and trace
elements, fatty acid profile and stable isotopesaeability tools to assess geographic
origin and seasonality of croakeMicropogonias furnieri). Croaker from Parnaiba
contained higher ash in July and lower fat contieah croaker from Santos. In contrast,
croaker from Santos had statistically higher proporof 16:1n-9+16:1n-7, 20:1n-11,
20:1n-9, MUFA and n-3/n-6 ratio than croaker fromriiba. Concerning seasonality,
croaker caught in July had significantly higher aimis of 14:0, 15:0, 16:1n-9+16:1n-7
and saturated fatty acids than fish caught in DéegnConcerning elements, significant
differences were also detected between season€lfo€a, Fe, Sr and S, whereas
differences between geographic origins were ongeoked with K3*C ands*>N were
statistically different between geographic originéereas differences between seasons
were only detected i8N ratio of croaker from Santos. Fatty acids, mitsesad stable
isotope are effective methods to trace geographginoand seasonality of croaker.
Nonetheless, further investigation is still reqdireith larger samples of croaker to
enable the implementation of fatty acids, elementstable isotope as authenticity tools

by food control agencies.

Keywords: Micropogonias furnieri; isotope stable; traceability; fatty acids; mingera
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1. Introduction

Consumers are increasingly aware about the beakéftfiects of fish intake to
human health, which enabled the continuous incr@asesh consumption worldwide
(Mazzeo et al., 2008). As a result, the trade afide variety of fish products has
increased, and consumers are increasingly conceabedt the quality, origin and
authenticity of the products, as well as on howythee handled, processed and stored

(Herrero, 2008).

Fish adulteration can induce several consequere®risumers, such as the
purchase of mislabeling or potentially harmful prots and reduce the effectiveness of
marine conservation (Civera, 2003). Thus, the auiitiey evaluation and origin of
species are important requirements to ensure gupfibvide adequate security controls
and develop effective regulations. Food authentinais part of traceability that
includes food components identification to verityetcompliance with labeling to
prevent fraud. Labeling must provide informationoab species, origin, age and

production systems (Schwagele, 2005).

The conventional fish identification is made by mxaation of their anatomical
and morphological characteristics. However, idé#tfon becomes complicated in
processed food, such as frozen fillets and preabokgellfish, where these
morphological characteristics are removed (Moran, Garcia-Vazquez, 2006).
Therefore, there is an urgent need to develop mdsthmrapidly and accurately identify
processed food that can help the authorities astul ifidustries to comply with the
requirements for labeling and traceability, ancetsure product quality and consumer

protection (Carrera, Cafias, & Gallardo, 2012).
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The use of analytical techniques to determine thegraphic origin of food
products is the best way to prevent tampering. Gasmatography (Busetto et al.,
2008; Thomas et al.,, 2008), spectroscopy (Cordeffaucon, Cabrol-Bass, &
Sbirrazzuoli, 2003) and IRMS (Thomas, Jasmin, &4,&905) have been proposed for
food authenticity in order to identify the preseméemain components in the sample or

any compounds that may be characteristic of aquaati food item.

Isotope ratio mass spectrometry (IRMS) is a poweadal for the detection of
adulterated and counterfeit food products (Caldereinal., 2009) and is recognized as
an official method to ensure the authenticity afdgroducts (Martin, & Martin, 1995).
IRMS has been applied for assessing geographitnooiglamb (Piasentier, Valusso,
Camin, & Versini, 2003) beef (Heaton, Kelly, Hoogati, & Woolfe, 2008) poultry
meat and dried beef (Franke et al., 2007), butididhstudies exist of its applicability in

seafood.

It is well known that the levels of macro and tratements in food products
clearly reflect the environmental conditions at ethithey were produced. For this
reason, the elemental content has been suggestedasl indicator of the geographic
origin of food samples. Thus, techniques such asniat absorption spectrometry
(FAAS) have been successfully employed in food entilbation (Gonzalvez, Armenta,
& de la Guardia, 2009). Energy dispersive X-rayofescence (EDXRF) is another
technique that can also be used in elemental detation. This technique is highly

sensitive, fast, cheap and accurate to measureeitbents.

Fatty acids profile is another useful tool to diéfetiating fish stocks (Joensen,
Steingrund, Fjallstein, & Grahl-Nielsen, 2000), gwuotion systems (Alasalvar, Taylora,
Zubcov, Shahidi, & Alexis, 2002), seasonality (Rastona, Barnathan, Bianchini, &

Gaydou, 2005) and geographic origin (Celik, DiktKucukgulmez, 2005).
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The city of Santos is located in the South Ea®rakil in a highly industrialized
area, subjected to strong anthropogenic pressureoritrast, Parnaiba is a small town
located in the North East of Brazil, where econoisiybased on the production of
babassu oil, carnauba wax and cotton. Both citiese hdistinct environmental
conditions, water quality and contamination lev@lse croakeiMicropogonias furnieri
is considered as one of the most traditional arsfrgaomically important fish species
captured by fisheries in Brazil, Argentina and Urayg, being a very important resource
in Santos and Parnaiba regions ,(Elsdon, & Gill®)d002). This species is
omnivorous, showing preference for small crustaseamch as shrimp and crabs.
Regarding the life cycle, young individuals migrédeestuaries, while adults migrate to
coastal areas to breed. The population of croages throughout the year as a result

of migration and food availability (Costa, & Arayjp003).

In this context, this study aimed to assess thee#daility of croakerNl. furnieri)
from two distinct regions, Santos and Parnaibahardested in two seasons (July and
December). Different traceability tools were em@dyto assess geographic origin and
seasonality of croaker, such as proximate chengoahposition, macro and trace

elements, fatty acid profile and stable isotopesasbon and nitrogen.
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2. Materialsand methods
2.1 Samples

Croakers were caught in two distinct regions of Brazilian coast, namely in
Santos (23° 57'17”S and 46 °© 19'56"W) and Parn§il2® 54°'17"S and 41 ° 46’36"W)
in July (winter) and December (summer) of 2011. Tégions have two well defined
seasons: summer and winter. The specimens’ morgicalgparameters were registered
(Table 1), then all fish were eviscerated and arted on ice to the laboratory where
they were separated the edible part (muscle), hemipgd and frozen. A portion of
each frozen sample was freeze-dried for 48 h at®@QChrist, Alpha 2-4 LD Plus,
Munchen, Germany) and stored at -80 °C under cledronoisture conditions until

further analyses.
2.2 Proximate chemical composition

Moisture, ash, protein and lipid contents were mhetged according to the
Association of Official Analytical Chemists metho@OAC, 2005). All analyzes were
performed in duplicate per specimen. Samples wefzkn for subsequent analyses.
Analyses of moisture and ash were carried out bgnogirying at 105°C (method
950.46) and muffle furnace at 550°C (method 938.UBg total level of nitrogen were
determined by the Kjeldahl procedure (method 981.Hhd protein levels were
estimated using 6.25 conversion factor; and tgpad lcontent was determined with the
Soxhlet extraction method using ethyl ether (406807 h; heater plate SBS

Instruments PC6L, Portugal).
2.3 Fatty acid profile

Fatty acid profile was determined in triplicate fmach specimen, according to

the experimental procedure of Cohen et al. (19B8gh freeze-dried sample (300 mg
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dry weight) was blended in 5 mL of acetyl chlorideéthanol (1:19 v/v; Merck),
shaken, and heated (80°C; 1 h). After cooling, 1afiMilli-Q distilled water and 2 mL
of n-heptane pro analysis (Merck) were added, aachptes were shaken and
centrifuged (2000 g; 5 min, Sigma 2k15, Germany)l weparation in two phases: an
upper organic phase (composed by methyl ester§) wiieptane and a lower organic
phase with methyl chloride, methanol and water. Wasture content of the upper
phase was removed with anhydrous sodium sulfater¢@a). An aliquot (2 uL) of the
upper phase was then injected (split injector) gaschromatograph (Varian Star 3800
Cp, Walnut Creek, CA, USA) equipped with an autmgler and fitted with a flame
ionization detector at 250°C. The separation waserhout with helium as carrier gas
at a flow rate of 1 mL mif, in a capillary column DB-WAX (30 m length 0.32 mm
internal diameter; 0.25 um film thickness; HewlPiekard) programmed at 180°C for
5 min, raised to 220 at 4°C miinand maintained at 220°C for 25 min, with the éhje

at 250°C. Fatty acids were identified by companeigntion times with those of Sigma
standards. Quantitative data were calculated usiagpeak area ratio (percent of total

fatty acids) and the Varian software.
2.4 Trace e ements and contami nants

Energy dispersive X-ray fluorescence (EDXRF) wagdugo quantify the
elements S, Cl, K, Ca, Fe, Zn, As, Se, Br and Be Jpectrometer is a self-constructed
system, using a Philips X-ray generator (PW 11460@ kV). The EDXRF technique
consists of an X-ray tube equipped with a molybdensecondary exciter. The
characteristic radiations emitted by the elemamnthé sample were detected by lithium
drifted silicon [Si (Li)] detector with 30 mfractive area and gm beryllium window.
The energy resolution was 135 eV at 5.9 keV andatapiisition system was a Nucleus

PCA card. Quantitative calculations were made lyftindamental parameters method
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(Custodio, Carvalho, & Nunes, 2003). The X-ray gate was operated at 50 kV, 20
mA and 1000 s acquisition time. Each freeze drjgetsnen sample powder (1 g) was
pressed into 2 cm diameter pellets (n = 2) withemy chemical treatment and glued

onto Mylar films on sample holders and placed diyea the X-ray beam.

Flame atomic-absorption spectrometry (FAAS; VargpectrAA 55B Sydney,
Australia) was used to quantify Cd and Pb in egatisnen sample (n=2), according to
the procedures described by Jorhem (2000). Briéflyg of defrost muscle was dry-
ashed at 500°C and dissolved in 15% v/v nitric aCidncentrations of Pb and Cd were
established through the external linear calibratth standard solutions: Cd (NJR

and Pb (NQ), (Merck; 1 g L* dissolved in 0.5 mol T* HNO).

Total Hg levels were determined by atomic absorpspectrometry using an
automatic Hg analyser (LECO apparatus AMA 254, Riseph, MI, USA). The
procedure is based on freeze dried sample decotigpogil0 mg; n = 2 for each
specimen) by combustion, preconcentration of mgrbyramalgamation with gold and
atomic absorption spectrometry. Concentrations wateulated from linear calibration

with Hg standard solution absorbance (1 §dissolved in 0.5 mol T* HNOs; Merck).

Accuracy was checked through analysis of certibemlogical material (Table
2). The detection limits (DL) of each element weetermined by two methods: (1)
EDXRF — with the signal-to-noise approach, wheee équipment compares the signal
of each element with blank samples and establishedminimum concentration at
which the element is reliably detected; and (2) FAA with the residual standard
deviation (RSD) of the response and the slope {Sh@ calibration curve of each
standard solution used [DL = (3.3xRSD)/S]. The emtation of all elements was

reported as milligrams per kilogram on dry weigasis (mg kg').
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3. Isotope analyses

For stable isotope analysis, approximately 500 pdy @0 g of homogeneous
dried material were packed in 5 x 9 mm cylindritalcapsules for the determination of
nitrogen {°N) and carbonfC), respectively. Samples were analyzed for steol®pe
ratios of carbon and nitrogen using a Delta S tigmdope ratio mass spectrometer

(Finnigan Mat, Bremen, Germany) with an elementalyzer CHN.

Isotope ratios are expressed in conventiénabtation in parts per thousand (%o)

relative to the universal standard:

Ssample™= [(Rsample/ Rstandard - 1] X 1000

The resultss**C andd™N isotope ratio analyses are reported on the velati
scale and referred to the international standar®O®B (Vienna Pee Dee Belemnite) for
carbon isotope ratio and atmospheric air for ngrogsotope ratio. The analyses were
performed as previously described by Mori et al0@). Secondary standards used to
§13C was -28.00 per mil (eucalyptus charcoal) and 3028"°N (Ammonium sulphate
(NH4)2SQy). The certified values wer@ 3C = -39.73%. an@15N = -0.73%. (working

standard - UREA - IVA 33802174).
2.6. Satistical analysis

One-way analysis of variance (ANOVA) was used tdede significant
differences among geographic origin and seasonatlitgll assessments, followed by
Unequal N’s test to identify these differences. Wiheer necessary, data were
transformed to satisfy normal distribution and hepemasticity requirements, followed
by nonparametric analysis of variance (Kruskall-Wglif transformed data could not
meet these assumptions. Principal Component ArsalyaCA) was also employed to

reduce the multidimensional data sets of the séetments to lower dimensions, thus



200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

simplifying the presentation and interpretation dafta. All statistical analyses were
tested at 0.05 level of probability with the softaedSTATISTICA 8.0 © (Statsoft,

Tulsa, OK, USA).
3. Resultsand discussion

3.1 Proximate chemical composition

The results of croaker from Santos and Parnaibduip and December are
shown in Table 3. Only ash content of croaker fi@arnaiba region was statistically
different than levels in Santos region. Concerngggsons, significantly higher ash
content was found in croakers caught in Parnaibegluuly compared to December.
No significant differences in the amounts of maistiand protein were detected
between geographic locations and seasons. In ebnfah content was higher in croaker
from Santos compared to Parnaiba, but no differarmsefound between seasons. Luzia
et al. (2003) showed large variations in croakérafaong seasons (summer = 0.60%)
and (winter = 3.29%). According to Stamatis and dArttelos (2007), variations in
marine fish chemical composition are closely ralate feed nutritional composition,
habitat, fish size, catching season, seawater tenpe, seawater salinity, animal

physiological condition, maturation stage, gendet ather environmental conditions.

3.2 Fatty acids profile

The fatty acids profile of croaker revealed statgdtdifferences according to
geographic origin and seasons (Table 4). Croaken f6antos had statistically lower
levels of 21:0 and n-6 than croaker from Parna(®ancerning seasonality, Santos
croaker caught in July had significantly higher ams of 14:0, 16:1n-9+16:1n-7,
18:3n-4 than Santos croaker caught in Decemberyaeabehigher levels of 16:3n-4,

18:2n-6, 20:0, 20:2n-6 and 21:0 were observed igeDwer. In contrast, Parnaiba

10
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croaker caught in July had statistically higher ante of 15:0, 16:1n-9+16:1n-7, 17:0,
16:4n-3, 18:1n-7, 19:0, 20:2n-6, 22:4n-6 than Sardwaker caught in December.
However, levels of 16:2n-4, 16:3n-3, 20:0, 20:4123.5n-3, 22:5n-6, 22:5n-3, 22:6n-3,
PUFA, n-3, EPA+DHA were higher in Parnaiba croatarght in December.

Palmitic acid was the primary saturated fatty d&8HA) of croaker regardless of
season and geographic origin. No statistical dé¢fiees in SFA levels were detected for
croaker between seasons and geographic originsilaBinesults were obtained by
Bandarra et al. (1997) for sardin&ardina pilchardus as SFA were fairly constant
throughout the year and did not seem to be infladry diet.

Oleic acid was identified as the primary MUFA ih samples. Overall, MUFA
was higher in croaker from Santos than from Pamathough not being always
significant, and did not differ with season. HigHevels of C20:1n-9 were found in
croaker from Santos compared to Parnaiba specirttenggh not significant. This fatty
acid has been associated with zooplankton, thukectefg distinct zooplankton
consumed by croaker (Budge, Iverson, Bowen, & Aakn2902).

DHA (22:6n-3) was the basic polyunsaturated fattid an all samples. It was
reported that DHA constitutes the majority of PURAmMost marine fish (Alasalvar et
al., 2002; Orban, Nevigato, Di Lena, Casini, & Mgtz 2003). The percentages of
PUFA, such as EPA and DHA, in fish muscle are nyod#pendent of diet (Arts,
Ackman, & Holub, 2001) and the fatty acid compasitmight vary due to changes in
nutritional habits of fish (Norrobin, Olsen, & Taadl990). The lower PUFA content in

croaker from Parnaiba in July (winter) may be httted to changes in feed availability.

3.3 Macro and trace elements

11
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Elemental contents of croaker from different orggand seasons are given in
Table 5. No statistical differences were detectethe concentration of Zn and Br in
croaker regardless of geographic origin and seaSoKParnaiba), Cl (Santos), Ca
(Parnaiba), Fe (both sites), Se (Parnaiba), Rim&H=a), Sr (both sites), Pb (Santos) and
As (Parnaiba) contents were significantly higheduty than in December. In contrast,
the levels of Hg, Cd and Pb in Parnaiba croakeewstatistically higher in December
compared to July. Concerning geographic origin,eKels were always statistically
higher in Santos compared to Parnaiba specimemsmBtabolic function of Sr and Rb
in marine organisms is still unknown and they agarded as non-essential elements.
Selenium is an essential element acting as antokjcanticarcinogenic, regulator of
thyroid hormone metabolism and an antagonistic atgemhe toxicological effects of
Hg (Khan, Ali, Biaswas, & Hadi, 1987). In this sjydt was possible to observe the
antagonism between Hg and Se in croakers from Barraptured in July, which
showed significantly lower levels of Hg than thdweat samples, contrasting with the

statistically higher levels of Se.

Mercury is one of the most well studied element daeits high toxicity
(Carvalho, Pereira, & Brito, 2002). The maximum meancentration, 0.84 mg Rg
(dry weight), was measured in croaker from Parnaitidecember, whereas the lowest
concentration was found in croaker from Parnaibddly (0.09 mg kg). It is well
recognized that Hg is a mutagenic, neurotoxic anatdgenic element that can interfere
with the human body functions, by damaging the lkeaadocrine, gastrointestinal,
cardiovascular and nervous systems (Goyer et 295)1 The results obtained for toxic
elements, such as As, Hg, Pb, and Cd, reflect agemous influence that may be

related to environmental pollution (Carvalho, Sagd, & Nunes, 2005).

12
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Variations in the elemental composition of marineds are closely related to
seasonal and biological differences (species, $iggle, age, gender and maturation
stage), catching areas, processing method, foortes@and environmental conditions
(seawater chemistry, salinity, temperature and aroimant level) (Alasalvar et al.,

2002).

3.4 Sable Isotope

The results of croaker isotopic analysis from dédfeé geographic origins and
seasons are presented in Table 6. Carbon and enitrisgtopic ratios were statistically
different between geographic origins. Croaker fidamtos has more negative values of
8%C than Parnaiba specimens. Changess'fiC are due to differences in feed
availability at the different regions. Indeed, iquaculture, it has been shown that
different feed sources differ in the availabilitiy @arbon for fixing (Butterworth, Li &

McKinley, 2004).

In contrast, croaker from Santos had higsieN than fish from Parnaiba. The
differences ind"°N values are on protein content and mostly on orignd type of
protein ingested through the diets of both fishd@&to et al., 2008). The natural diet of
croaker consists mainly of benthic invertebrate$ small fish (Soares, Muto, Gasparro,
& Rossi-Wongtschowski, 2006) that vary accordingtey availability and geographic
origin of fishing areas. Croaker from Parnaiba skd6?°C increase of 1%. compared to
croaker from Santos. According to Suzuki et abD0&), changes in biochemical
composition of a tissue according to the ontogeng/@ season will influence the
proportion of stable isotopes, such as $0iC lipid fraction.Regarding seasonality,
differences were only detected 3PN ratio in croaker from Santos, where specimens

captured in July had highe®N enrichment. Seasonal differences in the isotopic

13
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composition of fish may be linked to seasonal clkeangn feed preferences and
availability (Vizzini, & Mazzola, 2003). The isot@pratio of animals is primarily
determined by diet and, to some extent, also rsflgwir origin (De Niro, & Epstein,
1978). During periods of scarcity of food, fish sighe reserves accumulated in its
body. Consequently, more positive nitrogen values lass negative carbon values are
observed. Garcia et al. (2007) found similar resintcroaker from Patos LagoostiC

= -17.97+1.1 and™N = 14.39+0.3). The isotopic ratios in this studgrer higher than
those found by Corbisier et al. (2006) in croakent Flamengo Sound, Ubatuba (-14.3
for 5'3C and 12.0 foB*°N). Molkentin et al. (2007) evaluated the isotogitferences in

§ 13C and5 0 in wild and farmed salmon from different regioasd found statistical
differences between salmon reared in differentoregi but not in wild salmon from
different regions. This implies that there is a sidarable variation in the feed
composition used by fish farms, which difficult tdetermination of the geographical
origin by IRMS. Therefore, the current results wétbaker indicate thatN is a better

indicator for its identification.

3.5 Principal Component analysis

PCA was used to provide an overview of the capaoftynacro and trace
elements and fatty acids to discriminate differenicetween croakers caught in Santos
and Parnaiba in different seasons (Figure 1). Fadne and two yielded 69.22% of
explainable results, with Fe, Pb, Sr, Cl, Ca amdféitty acids 20:0 and 20:2n-6 loading
heavily on the first factor, and 22:5n-6, 20:4nARA), 16:4n-6, 17:0 isobr and 15:0
loading heavily in factor two (Table 7). The resultustrate clear separation between

geographic origin and seasons.
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The composition of croaker differed between gedg@mrigin and seasons.
Most variations are likely related to feed availipiand habitat type. Croaker from
different geographic origins may be differentiatesing total lipids, ash content, fatty
acids profile (e.g. 14:0, 17:0, 21:0, 16:1n-9+1671120:1n-11, 20:1n-9,20:4n-6, 22:4n-
6, MUFA, n-6 and n-3/n-6 ratio), essential eleme($, and isotopic carbon or
nitrogen. As far as season is concerned, its @iffition could be attained with several
fatty acids (14:0, 15:0, 21:0, 16:1n-9+16:1n-7,2064 fit, 16:3n-3 and SFA), elements

(Cl, Ca, Fe, Srand S), and the stable isotdpé.

Fatty acids, macro and trace elements and stablepiss, combined with
multivariate statistical analysis are promisingeefive methods for authentication and
traceability of croakers caught in Santos and Haana different seasons. Nonetheless,
for the daily practice of food control, isolatedl® should be used to identify fraud and
to reduce costs and duration of analysis. Fattgsaprofile, minerals or stable isotopes

can indeed provide evidence of fraud in croakemfrbfferent origins and seasons.
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Table 1.Weight and length (mean + standard deviation)robkers caught in Santos
and Parnaiba in different seasons

Weight Length
L ocality/Seasonality Mean Max. Min. Mean M ax. Min.
CSJ (n=10) 1188.5+186.8 1580 965 39.9+2.0 425 37.0
CSD (n=10) 712.5+£90.2 870.9 591.7 39.5+x1.5425 36.5
CPJ* (n=10) 244.1+142.2  497.5 96.2 27.1+4934.0 21.2
CPD (n=10) 985.6+x104.1 1150 840 45,.8+2.148.0 42.0

CSJ: Croacker Santos July; CSD: Croacker Santosrbieer; CPJ: Croacker Parnaiba july; CPD: Croackend&ba December. *
weight of eviscerated fish



Table 2. Elemental concentration (mg RgDW) and detection limits (mg k§ DL) of
certified reference material (average + standardatien) analyzed by FAAS and
EDXRF. Abbreviations: Dry Weight (DW); Detection Limit (DL

Elemen Techniqu D.L Certified Present
t e Certified reference material value work
Hg FAAS 0.02 Dogfish muscle (DORM-2) 4.64+0.26 4.68+0.17
Cd FAAS 0.01 Lobster hepatopancreas (TORT-2) 27.00£1.00 27.0@:0.
Pb FAAS 0.02 Lobster hepatopancreas (TORT-2) 0.3510.13 0.35+0.06
As EDXRF 0.7 Lobster hepatopancreas (TORT-2) 21.6@1.8 22.6+2.00
S EDXRF 100 Oyster tissue (SRM 1566) 7600* 8200+500
Cl EDXRF 100 Oyster tissue (SRM 1566) 10000* 10200+500
K EDXRF 50 Oyster tissue (SRM 1566) 9690+50 10000+80
Ca EDXRF 20 Oyster tissue (SRM 1566) 1500+50 1350450
Fe EDXRF 3 Dogfish muscle (DORM-2) 142410 141.3+1.5
Cu EDXRF 0.7 Oyster tissue (SRM 1566) 63.0£4.0 63.0t4.
Zn EDXRF 1 Dogfish muscle (DORM-2) 25.6+2.3 23.9+0.1
Se EDXRF 1 Dogfish muscle (DORM-2) 1.4+0.09 1.2+0.1
Freeze-dried animal blood (IAEA-A-
Br EDXRF 0.8 13) 22.0+£3.0 22.0+2.0
Rb EDXRF 1.1 Orchard Leaves (SRM-1571) 11.4+0.7 12.0+1

* Non-certified values provided by the United Statesional Bureau of Standards.



Table 3. Proximate chemical composition (g 108) @f croakers caught in Santos and

Parnaiba in different seasons

L ocality/Seasonality Moisture Protein Ash Fat
CSJ (n=10) 78.86+0.50 18.33+0.25 1.20+0003 1.57+0.192
CSD (n=10) 79.05+0.42 18.36+0.36 1.20+0006  1.68+0.292
CPJ (n=10) 78.63+0.77 17.5040.55 1,32+0.052 1.18+6"15
CPD (n=10) 80.63+0,93 17.48+1.18 1.01+003  0.79+0.10

CSJ: Croaker Santos July; CSD: Croaker Santos Deeer@PJ: Croaker Parnaiba July; CPD: Croaker Rzar2ecembefMeans
+ S.D. with different letters in the same columa significant different at R 0.05.



Table 4. Fatty acid content (%) of croakers caught in Saatod Parnaiba in different

seasons
Fatty Acids | CSJ(n=10) CSD (n=10) CPJ (n=10) CPD (n=10)
14:0* 2.11+0.56 1.01+0.3% 1.09+0.28 0.61+0.19
15: 0* 0.84+0.12 0.67+0.26" 0.85+0.28 0.30+0.08
16:0 21.37+2.02 20.06+4.07 25.3612.96 21.80+0.63
16:1n-9+16:1n-7* 6.95+0.78 4.98+1.48 4.08+1.0% 1.98+0.42
17:0 isobr* 0.57+0.09 0.73+0.29 0.41+0.24 0.19+0.08
16:2n-4- Fit* 0.14+0.04 0.41+0.06" 0.17+0.08 1.19+0.28
17:0 0.76+0.08 0.74+0.18 1.35+0.29 0.52+0.18
16:3n-4* 0.20+0.04 0.52+0.16 0.83+0.08 0.42+0.1%
16:3n-3* 0.58+0.34° 0.99+0.32 0.23+0.0% 1.86+0.29
16:4n-3* 0.13+0.04 0.13+0.05 1.41+0.06 0.18+0.04
18:0** 8.61+1.08 7.84+1.42 9.52+0.33 9.78+0.64
18:1n-9* 7.81+1.47 8.26+1.76 7.06+1.60 6.75+0.55
18:1n-7* 2.70+0.37 2.34+0.72 2.48+0.42 1.51+0.29
18:2n-6*** 0.80+0.07 1.53+0.36 1.75+0.32 1.12+0.08"
19:0* 0.32+0.03 0.27+0.06 0.46+0.08 0.33+0.08
18:3n-4** 0.26+0.06 0.10+0.02 0.18+0.04" 0.41+0.17
20:0** 0.00£0.08 0.22+0.04 0.00£0.06 0.29+0.13
20:1n-11** 0.78+0.28 0.65+0.22 0.44+0.1%" 0.20+0.02
20:1n-9** 0.36+0.0%" 0.60+0.13 0.25+0.04 0.27+0.08
20:2n-6* 0.31+0.04° 0.56+0.08 0.40+0.07 0.19+0.0%3
21:0* 0.15+0.08 0.29+0.0% 0.55+0.07 0.60+0.16
20:4n-6* 7.11+2.06° 6.42+2.2% 11.52+2.98 12.03+1.46
20:4n-3* 0.35+0.16 0.23+0.04 0.25+0.08 0.58+0.08
20:5n-3* 8.83+1.19 6.75+1.46" 5.00+0.42 8.49+1.76
22:4n-6** 1.69+0.13 2.16+0.54 3.91+1.01 2.92+1.0%
22:5n-6* 1.44+0.26 1.76+0.7% 1.98+0.53 4.26+0.52
22:5n-3* 3.82+0.30 3.11+0.52 3.30+0.63 4.60+0.44
22:6n-3* 12.05+2.37 12.07+3.76 7.29+2.1% 13.47+1.34
SFA** 34.98+2.8% 31.86+45.45 40.33+3.42 34.94+0.6%
MUFA* 19.75+4.02 18.40+4.86 14.51+2.1% 11.70+2.71
PUFA* 38.31+4.58 37.71+9.1% 36.12+6.96 51.53+3.48
n-3* 26.19+2.79 23.48+5.8% 17.52+3.31 29.18+2.72
n-6* 11.52+2.38 13.20+3.48 19.33+4.93 20.5612.28
W3/we* 2.33+0.39 1.93+0.19" 1.19+0.34 1.43+0.18
EPA+DHA* 20.88+2.73 18.82+4.79 12.29+2.38 21.96+2.68

CSJ: Croaker Santos July; CSD: Croaker Santos Demer@PJ: Croaker Parnaiba July; CPD: Croaker Reariaecember. SFA:
saturated fatty acids, MUFA: monounsaturated fattigls, PUFA: polyunsaturated fatty acids, n-3yfattids omega 3, n-6: fatty
acids omega 6, n-3/n-6 fatty acids ratio, EPA: Eagentaenoic acid, DHA: Docosahexaenoic acid. iffesuperscript letters in
each row indicate significant differences.<®.05, **P< 0.01, **P < 0.001.



Table 5. Essential and non-essential elements content gMpdé dried croaker caught
in Santos and Parnaiba in different seasons.

Minerals CSJ (n=10) CSD (n=10) CPJ (n=10) CPD (n=10)
S 11748.79+537.25 11299.06+891.39 11895.54+1478.63 8693.01+334.37
Cl* 8073.50+765.36  4857.83+1148.07 6475.96+635.080  4503.41+521.02
K***  18886.00+472.10 17856.86+1539.46 11399.29+240.66 12431.58+664.6%
Ca** 891.94+109.7% 715.28+12.13 1437.75+240.66 536.63+27.47

Ferx* 24.41+0.80 15.41+0.74 27.53+1.32 15.61+1.37
Cu* 2.92+0.06" 2.56+0.28 5.53+1.12 3.42+0.18"
Zn 19.87+1.08 18.16+1.15 18.49+0.79 18.72+0.79
Ser 2.67+0.33 3.18+0.77 8.02+1.85 3.94+1.04
Br* 26.72+1.64 22.54+0.71 25.38+1.67 26.54+2.66
Rb* 2.42+0.17 2.32+0.17 3.46+0.52 2.60+0.26
Sr* 3.19+0.1% 1.69+0.5% 5.60+0.47 3.64+0.23
Hgr** 0.60+0.102 0.68+0.012 0.09+0%00 0.84+0.102
Cd** 0.00+0.06 0.00+0.06 0.01+0.0% 0.02+0.00
Ph*** 0.16+0.08 0.00£0.00 0.15+0.04 0.27+0.022
Astr* 13.59+1.48 11.69+0.18 24.15+3.88 10.69+0.39

CSJ: Croaker Santos July; CSD: Croaker Santos DemenTPJ: Croaker Parnaiba July; CPD: Croaker H@nBecember.
Different superscript letters in each row indicsignificant differences*P < 0.05, **P< 0.01, **P < 0.001.



Table 6. Stable isotope ratios of Carban'{C) and Nitrogend*°N) of croakers caught

in Santos and Parnaiba in different seasons

Locality/Seasonality 5 °N (%o) 5 °C (%)
CSJ(n=10) 14.02+0.58 -17.78+0.38
CSD (n=10) 13.12+0.74 -17.84+0.48
CPJ (n=10) 11.52+0.22 -16.72+0.67
CPD (n=10) 11.45+0.66 -16.10+0.39

CSJ: Croaker Santos July; CSD: Croaker Santos Deerer@PJ: Croaker Parnaiba July; CPD: Croaker Rzar2ecembefMeans

+ S.D. with different letters in the same columa significant different at R 0.05.



1 Table7. Factor loadings of explorative PCA for croaker standard data set 2

Variable Factor 1 Factor 2
Ash 0,006 -0,190
Fat 0,723 0,006

S -0,615 0,259

Cl -0,963 -0,001

K -0,756 0,040
Ca -0,959 -0,035
Fe -0,992 -0,033
Cu -0,884 -0,014
As -0,928 -0,053
Se 0,642 -0,221
Rb -0,356 -0,014
Sr -0,965 -0,106
Hg 0,783 -0,011
Cd -0,909 -0,027
Pb -0,988 -0,040
14:00 -0,860 -0,381
15:00 -0,544 -0,716
16:1w7+9 -0,804 -0,319
16:2w4 0,922 0,200
17:00 -0,222 -0,682
17:is0 0,302 -0,798
16:3w4 0,912 -0,153
16:3w3 0,657 0,222
16:4w3 0,072 0,785
18:1w7 -0,500 -0,682
18:2w6 0,902 -0,040
19:00 -0,619 0,456
18:3w4 -0,911 -0,152
20:00 0,971 -0,054
20:1wll -0,324 -0,572
20:1w9 0,832 -0,417
20:2w6 0,936 -0,287
21:00 0,808 0,239
20:4w6 -0,200 0,841
20:4w3 -0,742 0,420
20:5w3 -0,691 0,576
22:4w6 0,531 0,544
22:5w6 0,331 0,870
22:5w3 -0,705 0,558
22:6w3 0,107 0,864
SFA -0,529 -0,259
MUFA -0,243 -0,738
PUFA -0,098 0,964
W3 -0,267 0,926
W6 0,118 0,818
W3/W6 -0,449 0,000
EPA+DHA -0,228 0,926
15N -0,644 0,307
13C -0,110 0,254

2 All of the variables are reported; factor weights >0.7 and <-0.7 are shown in bold type.
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Figure 1. Principal Component Analysis of croakers caughBamtos and Parnaiba in

different seasons.
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Highlights

Croaker geographical origin could be distinguisi®d proximate chemical
composition (lipids and ash), fatty acids profilé40, 17:0, 21:0, 16:1n-
9+16:1n-7, 20:1n-11, 20:1n-9, 20:4n-6, 22:4n-6, MJR-6 and n-3/n-6 ratio),

essential elements (K), or stable isotopes (C gnd N

Croaker seasonality could be distinguished by faitids (14:0, 15:0, 21:0,
16:1n-9+16:1n-7, 16:2n-4 fit, 16:3n-3 and SFA) nedats (Cl, Ca, Fe, Srand S),
and stable isotope&’fN).

Fatty acids profile, minerals and stable isotopes @romising methods for

authentication and traceability of croakers caughSantos and Parnaiba in

different seasons.



