
FOOD COWOSlTlON AND ADDUlVES 
, 

; 
! 
I 

Rapid Liquid Chroma@graphic Method to XktQuish Wld. 
Salmon fram Aquacu&wed Salmon Fed Synthetic Asbxanthh 8 
S~A.~~‘WAYNEG.PYAMIEB,R~~R~GW~~~~~~H.~ 
U.S. Food and Drug i4dminisbation, Officejof Cosmetics and &&rs, 200 C St, SW, Washington, DC 20204 

Ar~~iytioal methods am needed tc de&nine the 
presence of color additivss in fish. WC report a liq- 
uid chfomatographic (LC) method developed to 
identify the synthetic form of the coloi additive as- 
taxanthin in salmon, based on dii&es In the 
relatfve ratios of the configurational iskws of as- 
taxanthin. The distributions of conflg&ational iso- 
mers of astaxanthin in the flesh of wild Mantle and 
wild Pacific salmon ate similar, but si&icantly dif- 
ferent from that In aquacultured salm+. Astaxzw 
thin is ax&w&d from ths fksh of salmon, passek 
through a s&a gel Sep-Pak cattridgb;i and ana- 
lyzed directly by LC on a Pirids covaleht ~4eucirrar 
coiumn. No deriw&ation of ttw as&mthin k re- 
quired-an important advantags of ok approaoh, 
which is a modlfkation of our pravloukly described 
method. Thii method can bs used to cilstfnguish 
between aquacuthmd and wild salmob. Tlte 
method has general applkability and $an also bs 
used to identify astaxanthins derived +rn other 
sowces such as PhM& yeast and ~a&coccus 
pluvia~~s algae. . I 

I 

he oxycaroten~ astaxanthin is n&nkible for l&e dis- T tinctive color of salmon flesh (1). Be&se salmon can- 
not synthesize imaxanthin de nova, t&r flesh color is 

dedvedesldreIyfnnnaspuranthinintbeirdiet~).w~dsalmon 
aaluin their~plnk-to-nr;d cobrhsl aslaxanh in their prey. 
Toobtainafleshcol~similartothatofwild~~aquant- 
turd sahi011 iilt fed with fish feed suppkm&ed with color 
addiths (3). Two o~carotcnoids an &lie&d to be widely 
usedascolaradditivesinfist,~to~~thccolorof 

. aqllsAab& salnumik canthaxarl~ f$ihmmle-4,4’- 
&me (Figure 1). and astaxanthi% 3+dihj*xy+,~ 
tene4,4’dione (Figure 2). 

Only color additives are &ted in the Code ~+Fedeml Regu- 
&tions (CFR) may be used IegslIy in the Uni@d States to en- 
hencetheCOlOTOfSalmOnandotheranimalsUscdasfood(4). 
AstaxaarhinncmtlywasIist#IbytheU.S.F~and~Ad- . . tmmsuation (FDA) as a color additive in &r&id feed to pig- 
mentthefleshof~~idsintheUnitedS~(5).Bacausea 

Rdved M&I 6,19%. Acapled by JLhac 17.19%. 

validated~~~methodwasunav~~~to~~sya- 
thCtiCasbxanthininaquaculnnedsalmonfromaStax~thiSlhl 

wildsalmon,ame&odwasnee&du,d&rminetbcprcsencc 
ofaddedsynthetkas&xantIkiuthefish,asrequiredbythe 
CFR.CantltaxantbinislistedintbeCFKasakodcoloraddi- 
tive(6).Apetitionhasbeensubminedforitsusc~aacolor 
additive to cdorthe fksb ofsalmonids (7). Astaxanthin, how- 
ever, and not canthaxanthin, is @mnaUy found in wild salmon 
(Atlantic SaImon, Salmo sakr, and Pacilic salmon, Oncorizyn- 
chw).C~ canbdisti&5bedeasilyfmmastaxan- 
thinbythin-layerc~;8)Emdliquidchnwna- 
tograptry wi 91. 

All-transastaxauthinistbern&rgeometricisomerinwild 
sahon flesh (10) ad also in the sthbii sydetic astaxan- 
thinbeadletaddedtotYxl5shfeedofaquacultured~.AIl- 
rrmasGutanthinhas2chiratctm~C-3ax1dC-3:andcan 
exist as 3 conflguratioual isoratrs: 2 enantiomers (3RTRmd 
3&3’s) andameso for& (3&3’s) (Figure 2). Synthetic aNruns 
asraxanthinconsistsofaracemlc~ofthe2enantiomem 
andthemesofbrm. 

studies with rainbow trout (WM my& X!, and 
Atlantic salmon (12) have shown that when syxthetic astaxan- 
fhinortheindividuaItiaSgudonaIiaomersareaddedtofish 
feuLthey~depositediltthefleshof~saImcmwithw 
changeintheconligraationalisomecdis~uti~These~ts 
indicatetheabsenceofseIectiveab;wrrprioaordqpositionoftbe 
di.ffelwltcoufigurationalisomasamdaf~onatc-3 
and C-3’. The&m, the ratio of ccafigurational isorms in 
saimmfleslIrefl~tbeco&guratiorlalisomerdiskiitionin 
the diet 

-... ..k___ 

Ma&a et al. (13) resolved all-fnzns m on a cova- 
Ient D-phenylglycine Rrk‘le-type column manufactunzd in Ja- 
pen; however, the analysis rquked 70 min. Astaxanthin can 
alsobe d&vat&i with enantiomericallypure chiral reagen& 
ti&ascamphanicacidchloridt,to@ive~thatcan 
be separated on an achiral stationary phase (14). h our labora- 
tory, other derivatizing lEagents, such as r-naphtboy1 chloride, 
that enhance the affhlity of the ccmfigumti&ai klalyte for the 
ChimI stationary pha.e v&but tbeenantiomedcIcla- 
tionship of the con@tuational astaxautbin isomers to each 
other, were a&o used successfully. 

Allhougb in sane cases the derivatizatlon of synthetic as- 
taxaathinwas~~u~gvoidanceoftheextrasbspofmak- 
ingandpurQinganastaxa&nderitive wasdeemedadvan- 
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?ageous. Morexwex, when the astaxanthin extract& from the 
flesh of salmon was used, nsidual fish oil frcilucntIy inkxfered 
with and sometimes inhibii the derivatizatiilonreaction. 

T%is paper describes an LC method based on direct resolu- 
tion of the configurational isomers of underivw astaxanthin 
(15). We previously described an LC m&h? for efliciently 
sepsrakg and identifying the configurational isomers ofsyn- 
thetic astaxauthin in salmon (16). The present method is faster 
mantheLcmethodofLmaandsaegrov(I7),inwhicb~- 
anthin is derivadzed before LC analysis. It e$~~ly avoids the 
derivtion step in which a&dual amouqt of colorIess lip- 
ids may intezferc and, themfore, must be removed before &ri- 
vatiza&n (IO). Previ&sIy, we reposted that mobile phases of 
similar polarity allowed direct resolution of Qe conQurational 
isomers of all-rrans aslaxanthin on a covale$ L&u&e Pirkle 
column in 10-15 min (15). However, when a signifbnt 
amount of &-astaxanthin was pnsenk a+lysis time was 
sometimes as Iong as 25 min (Figure 3). 

W& the mcdified method de&be+ he& we can disfin- 
guishbetweensyntheticsstaxanthinextmcted~fromthefleshof 
SShOllamdIl~~ occuningastaxanrhinextraaedfromthe 
flesh of wild s&non by compakg their chmmatographic pro- 
f?Ies. During the method development phase of this study, the 
color extracts from the flesh of salmon and the synthetic astax- 
authin standard wzre chmmatogmphed w using mobiIe 
phaseAdcscriiintbeEx&me&atscct&. 

-t., , I (, , I.. I ,.. I_. ., 

0 10 20 30 
Time, min 

Flgum 3. t%omabgramof synthetic enthin. LC 
cenditkms: Plrkk covalent ~4euc~ cob&; mobiIe 
plume B; flow rata, lb mUmin; monitoring wavelength, 
474 nm. 

To devise aregulatory scheme to identify the color additive 
astaxan&iniusahnonfleshaxidtherebydls&guishbetweeo 
aquacultmedsalmonandwildma&eqakncm,itisnccessltryto 
know the mtio of the configuratir.mal isomersof theall-mzns 
sstaxanthin in each species of s&monfrom abroad-based set 
of autbntic wild marine Athmic and Pacific salmon. Arange 
of each ofthe cunf?guratioml isomers in astaxa&in extracted 
~wildsalmonwasde#rmimxlbyschicdtetal.(10):7& 
85% of the (3&3’s) euantiomer, 12-17% of the (3R3’R) enan- 
triome& and 24% of the (3RJ’s) meso form. This pione 
work, however, was based on 4 Atlantic sabnon and 1 salmon 
&neachof3PacificqecispajesThedatasetwastaonarrowtobe 
genaatizedtothelargerpopuUmofwiId&non. 

Weinitiatiastudy todete&netheco&gurationnalisomer 
distribution that could be generaiizd to wild m&e salmou 
(satno sufur and Oncorhynchur). Such a distxiition would 
form the reference standard with which the distribution of con- 
figurational’isom~ of aQaxan&in id any salmon could be 
compared to &te4mhe whether the salmon was aquaculti 
orwild.ThustatotaIof80 speck&m consisting ofauthenti- 
catedwil&maleandfemal~AtIanticandPacifksalmonwere 
ob&ed,asdescriiintheExperkmtalsection.These 
sahnonconstituteabroad-basedsetthatcanbegenem&dto 
wildmarine&non.TheideIHkationofthespeciesofwild 
Pacific salmon was Rco&med in-house by analysis of fish 
scale patterns (18,19). 

Wenporthgethensultsofrheanalysisofatl~t6wild 
saImonfkomeachofthe6speck 

Experimental 

(a) Liquid tzlm7tif7mk--M&od development was 
conducted and hitid analysis of salmon eYihac@ was per- 
formedbyusinganHp1090Seriesoi/Mliquidcbromatograph 
equip@withaDFt5temazysol~cqdeiiverysystem,he~um 
spacge, autosamp~, diode array detector, and woricswion 
(Hewlett-Pack& Inc., Avondal~ PA). Analysis ofthe astax- 
mhillezcmasfrommarinecaughsauthenticatcdwiIdsahnon 
waspufkmedbyusingaWatcrssokentdelivetysystism 
Model510equippedwithaW~Mc+el99Odiodeauayde- 

-‘patfm ChnXuamgmphy DKsict& Mil- 
~ixp.,MilfOrdMA),andiBeckmsnMadel504 
autosampler (Beckman Instrument& Inc., Fullertq CA). LC 
conditions: Isocratic conditions and ambient tempmme were 
usedforalIallalyses~arldsoIv~w~filter#1ilndspargad 
wirhIicbeforeuse. 

(b) u: coh.-Por initial sndyses, iuchailng amdysis 
of clerivatized astaxantk& a Pirlclc covalent D-phenylgtycine 
CO~JIIUL 5 pm particle size, 25 cm x 4.6 mm megis Chemical 
Co.. Morton Grove, IL) was used For Remaining analyses, in- 
cludiug the study of the configurational isomer distibuticm of 
sstaxsnthin in authenticated wild SaImoa tbepirkfecovdcnt 
L-leucine cohmn previously descrii (15) was used. 

(cl h?Mgenizer.-Polytfon (m&man0 Irismsments, 
Inc., wcstbury, NY). 
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(a) Cenh$%ge.~orvail Insin&enta Model RCSC fitted 
with a GSArotor (DuPont Co., Ins&ments Div., Newton, CT’). 

(e) Spemophuf~r.-Hitacbi 200 (H&&i Ltd. Tokyo, 
Japan). 

(f) Fremr.-Model8416, ultraksw temqxrk, upright 
fraacr(ForruaScientific,Div:of~~~Inc.,Marietta, 
OH)- 

(i) Romy evaporator.-Btichi kotaqor R 110 (Brink- 
mam hlstmments, Inc.). i _ _ __. _. _. .- 

Reagents 
I 

(a) sohrents.--Hexane, tetrahyc&Mixan (THF), methylene 
chloride, and 2-pmpanol (all LC g&x& Baxter WC% 
Inc., scimc P!oducts Div., McGidv Park, IL): Irietbylarnine 
-5%; FIuka Chemicai Cq.); i-01 (200 proof) and 
chlorcti ~(stabilizcd with 1% / ethanok EM Sciulce, 
Gibbstown, NJ); and pyridine (99-k? Aldrich Chemical Co., 
Inc.. M ihvaukee, WI). 

@) SW&.-Synthetic astax&hin (a gift fmm Hoff- 
man&a Rcche, Inc., ’ N&y, m ,‘ &XiVdimethyIami- 
nop~yidiue (DMAP, !J9+%}, 3$dinitmbenzcyl chloride 
(98%), 1-aqbtboy1 chloride and%na!phtboyI chloride (Aldrich 
chanical co., hc.); (lsJ+)~~c chloride (98% Flllka 
chwdcal Corp.); atldL-menthoxya&~l chloride @m&an 
To&oKasei,Inc.,Porrkd,OR). 1 

(c) LC moMi phuse A.-Hex&THF~oi (77 + 22 
+ l).Tbeffowratewas 15r&Imin,~dtbemonitoringwave- 
Ieng?h was 470 urn. i . 

(d) K KIobil phrrse E-Hi,,,TXF-2-pmpanol- 
~~~“17+17~3+3).Ih;4owratx,was15mumia 
and the monitoring wavelength was 174 nm. 

isahnm ! 
I 

samplesfcprmethoddevelopmeni~W~pllrchasadfromsu- 
pcmmrketaaru.ifkhmarkets.Thekalautbekcatedwird 
salmonasedknethoddevelopment&reobtainedthmughtbe 
O&eofSeafbodJDA.Tbeauthen&edwildsabnonused 
for detiion of the co@igurati& isomer distriiution of 
astaxanthina~dexziibelow. 1 

1 

through collection of the fish by FDA iqectoa @cattle Dis- 
trict) or by purchase of the salmon dire&y f?om a boat whose 
itineraryatseabadkcne&&lis~SpeciationofthewildPa- 
cific salmon was de&mined by morphologicai examination 
aodbythelocationoftbecatch.seXwesalsodeterminedby 
morpho&&aI examimtion. 

Twelve authenticabxl wild Atlark salmon wem caught off 
the coast of Cattwright, Newfm and were meted be- 
f4xeb&llgsbippedtowashingto&DC.TheAtIauticsaJmon 
kerecertikdtobewildthmugb~~onoftbefiahbysci- 
entists of the Quebec IArador Foundation, Ipswicb, MA. 

Thewiidsabnonwenstondinafrazerat-7YCEachfish 
wasassignedanumberthatwasased tlkughouttbestudy and 
indataieporting.Resultsoftheana@sisofatleast6wi!ld 
salmonfrwlleachOftheabovGmaxtioaedSpeciCS~reporsrd 

infhisstudy~ 
. (b) Prepare cfa#~~ wiid suimnfiesh for a- 

trac~of-.--Sahnon~ who~ewezedecqi- 
tatedandgutted.Forallsalmon,whethecx&ed~ko~eor 
gutt&theskinwasremov~fromthedeshedsamp~area 
(see~~anaD,andaportionof~flesh~LTOg) 
was excised. The sample of s&non flqsh was then cleaned of 
extmmus material (scsles, fat, bones. etc.) and dried by blot- 
ting with a paper towel. A 10 g portion was accufately weighed 
onanana&ticaibalanceto3siEplifieantfigtmes. 

(c) Extra&on qf m m  fnmr wild sainum jZesh fbr 
chiraZK~s~.-The 10gtestportionofwildsaimonflesh 
was~toa15OmLaatrifugetubeaudbomogenized 
fw2minwitfi20’mLhexanctolanoveasilgniticant~~t 
ofthelipidT%ehomogenatcwascentriftzgedfor5minat 
3000rpm,aodthehexanewasdewntwi.Theamountofsatax- 
anthinextmctdintohexanewas~edbymcordingthe 
Voiumedmtasuring the-ofthehexaneextmctat 
474 nut (& ofastaxanthin in hexane). Astaxanthin was ex- 
tracledfromthepartialy~edflesh~aiuinginthecen- 
triErge~~byhomogeniziagther~dueforImbswirh~~ 
acetone. The homogenate was cenujfuged for 5 m in at 
3CKKl qm, aad the qxmatant was decant& Acetone was 
addcdtothehomogulate,thehomogcnatewescentrifuged 
again,andthepmcesswaaqkated.Tbtacetonccxtradswere 
combii&,andtbeacetonewasremovedwitharotaryevapo- 
rato~Approximately4mLwatkr(extmctedbyacetone&om 
the salmon flesh) remainedThewet~wa$~edwith 
20mLmahy1encchIoride,aMftht~wasswidedtodis- 
solveaataxanthin.Thewaterlay*rwasremovedwithasepant- 
toryfunnel,andtheorganiclayeswasdriedavaca1ganhy- 
dmussodiumsulfate.Theamoulltofasmxan&extra@dinto 
methylem cbhnide was dc8trmioed by recording the voIume 
Zdmeasuringthe*-Ofthemahy’leneChlti&eX- 
tractat494nm(~,ofastaxanthininmcthylenech@ide). 

The astaxanthin was plldied by loading the dried 
methyiene&lorideexmictontoaWatsssilicagelSepPskcar- 
&idgethathadbeenplcbeatadwhr.lhexane*The~was 
ehmd with 20 I& methylene chlotide to remove &dual 
salmonfleshlipidsktheextract.~wese~~ 
thefi%wk@pwithchlorof~whichwasthenIemovedunder 
astmamofnitro~Tlw:xesiducwas~ii3 

‘ii 83Vd Ei6OZ E8B Z%:XVd 
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methyIene chloride, and a portion was injected into the liquid 
chromatograph. 

(cl) Precision of zx analysis.-we Clemdmd tile pre& 
sion of the LC analysis of synthetic asraxanti (Table 1) by 
using mobik phase B. Six replicate analyses were performed 
with the synthetic asntxanthin standard 

(e) LC malysh-Each astaxanthi~ extract from wild 
salmon was analyzed in duplicate. The average of the 2 analy- 
ses is reported in aU cases, Synthetic astaxanthin was used as a 
standard before each run. Analyses were performed with mo- 
bile phase B. 

(f) Detemination~ of lipid conrent of wild subnon flesh.- 
The hcxane extract of the salmon fresh and the methylene chIo- 
ride washes fium the silica gel Sep-Paic carb5dge [see (c) 
abovelw~placedintared12x35mm(or1/zdtarn)vials.The 
solvent was evapomted under a gentle stream of nitrogen, and 
the tube was weighed. This process was repeated until a con- 
stant weight was obtained. The amount of lipid in each extract 
was recorded. 

(g) I-cation of Pacific s&non species by micmcopic 
eraminufion @JCULZT.-AOAC Mciai Method 979.15 was 
usad(17).FromeachsalmMtaminimumof4scaleswerese- 
lec~fromtheareabrmeaththedorsaifinandab>vetheIa~ 
he. only well-formed scales with intact areas were used Each 
scde was mounted and examined separately, and a separate 
worksheet was completed for each scale examined. For meas- 
umneut of scale verticztl dimensions. observation of cimuii and 
wave striations, and overall scale morphology, a 2x objective 
knswaswdwi~a10xeyepiece.Forinspectianofreticulations, 
a 4x objective lens was. used with a 10x eyepiece. 

A m inimum of one mpresentative scale from each fish was 
photographed for documentation. For photornicrogmphy of 
scales, a 2x objective lens was used for all except the pink 
salmon, for which a 4x objective lens was used. 

Fim a&mpts to nsoive the configurational isomers of syn- 
thetic aU-trans astaxanrhiu on a Pirkle covaknt n-phenylgiy- 
tine cohmq failed to du+cate the results ob&ined by Maoka 
et al. ( 13) under the same LC conditions. We used a commexcial 
column packed with cbiral stationary phase tirn the manufac- 

Table 1. Precitsion of LC anaiysb of 8-c astaxanthin 

twer of the Sumipax OA-2000 column used by Maoka et al. 
(131. 

Derfvatizatkm of artpuatthin.-When m inor adjustments 
to the LC conditions failed to duplicate the resohnion obtained 
by Maoka et al. (13). we eqerimented with various derivatiz- 
lng reagents in an attempt to obtain optimum conditions for 
making diiomers that could be easily resolved on a chiml 
or an achiral column. These d&&zing reagenti inch&d L- 
menthoxyacetyl Chlorides 3+sdinimmyi chbride, I- 
naphthoyl chloride, 2-naphthoyl chloride, and camphanic acid 
chloride. only camphauic acid chloride is described in the lit- 
erature for this purpose (14). The reaction between synthetic 
astaxanthiu and the benzoyl derivatizing agent pmceeded rap 
idly in anhydrous pyridine with a catalytic amount of dimtthy- 
laminopyridine (see EqerimesW section). The duivatization 
reaction was also performed succes&lly wilh 35dinitro&en- 
zoy! chloride, ax acid, witicb enhanced interaction of the deri- 
vat&d astaxanthin enamiomer with a Piride n-e&c&on donor 
chid stationary phase. Similarly, the reaction was Performed 
with I-naphthoyl chloride and 2-naphthoyI chloride. 1c bases, 
which enhanced interaction of the derivatized astaxanthh~ en- 
antiomer with a PiMe n-electron aqqtor chiral stationary 
Phase. 

When de&at&&n was performed with astaxanthin ex- 
uactedfrom salmon flesh, erratic results were obtained. Formi- 
to&y, the initial derivatization of ssraxantbin extracted from 
salmon proceeded rapidly without problems. Subsequent ZWG 
tions were sometimes incomplete or did not proceed at a& 
Other mactions proceeded very siowly, intempersed with reac- 
tions that proce&d very quickly. 

When astaxantltin extracted from sdmon flesh was detiva- 
tized successfuuy, the delivatized astaxanthin was anaIyzed by 
LC. For example, the camphanoyl derivative of astaxanthk ex- 
tractedfiomtbefleshofsalmonpumhasedfiomafishmarket 
in Washington, DC, and laMed ‘Washington State” salmon 
was analyzed by LC under the conditions used by Ma&a et aL 
(13) without modification. The camphanoyl derivative of syn- 
thetic astaximthin was also arlalyzed under the same Lc condi- 
tbs. The LC profile of the extracted astaxanthin is different 
from that of synthetic astaxanthih, as shown by the overlay of 
the 2 profile3 (F$ute 4). l%e astaxsnrhin extracted fkom the 
‘W-n State” salmon is themfbz not synthetic astaxan- 

bans ds 

RVtl  ss, %  Meso,% RR 56 ss, %  Mese. %  9s %  

1 24.6 46.6 22.5 0.47 3.06 0.76 
2 24.3 46.6 22.4 0.36 2.43 0.61 
3 25.0 46.6 22.6 0.88 2.56 0.74 
4 25.0 46.5 22.3 0.47 2.12 0.67 
5 24.5 46.7 22.8 0.23 2.23 0.55 
6 24.9 48.9 22.7 0.65 2.13 0.62 

Av.fSD 24.7t 0.3 46.6 kO.15 22.6f0.19 0.46rtO.15 2.57k0.66 0.66 f 0.36 
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tlacd thin.TheLCurofileofthcex astaxanchinIeselnbleschac 
. of wild sah&n, and the configurat&ai isomeric ratio is within 

the range expected for wild salmon ~MZ below). 
The LC profile in Figure 4 cleari illustmtes that op&iza- 

tion of LC conditioLls will nducc ilkal ysis time sigrdfbndy. 
Howeve& the need to uertain that the last trace of oil was 
removedbeforederivacizacionledd~abandonchisamjroacht. 
because the amount of coioriess lip&? in salmon fle& was vari- 

0funderivatizedsstaxsnthixL LC 
found that pcrmittcd‘chiral resoluti&n on a Phi& covalent t- 
leucine coiunm (15). With the aginzj of the Mxxine column+ 

l2qwiimcnw Licxxicm). 
Regardless of whether the 

or analyzed dirrdy by 
disdbution of alhans 

cated wild salmon. 
/ 

ma&e-caught, autkttmti- 

Detennintion of Configu~ti?oha isomer Distribution 
of A&tmns Aswanthin in Matkw&ught, 
AuthemScated Wld Salmon .I 

To ssuxtair~ that them w& little Jr no variation in the con- 

The distn%utions of the configuational isomers ofall-ttwu 
astaxanthin in 38 marine-caught, authenticated wild sahnon 
(bunk andSc&w dur) are listed in Tables 2-7. No 
va&tionwasc3iservedbeiweenmalesnd~saknonfor 
any species. The ranges of the ctmf5guratid isome& in At- 
lantic and Pacific dmcn were 47.1..90.0% of the (3&3’s) en- 
antiomer, 7.7452% of the (3R3’R) cnanciomer, and o-8.6% 
of thk (3lUS) meso form. The raqe of es& co&ur&onal 
~ismu~~th~~fo~dbyschiedtetaL(lO), 
who used a very narrow da&base and did not include chinook 
salmo&whichhisisigaitruintlywidermngeofeachisomer 
thandotheotherspecies.whGncombinedwithtbe~5spe- 
ties, chinook &non appnxiabIy broadens the rang% as dis- 
cussed below. The result, however, supparts the basic conclu- 
sion of Schiedt et al. (IO): The configurational isomer 
disuiiutions of ssraxanthin in wiid marine sahnon are s&nil& 
We have expanded it in this study to include the 6 common 
species of wild sahnou 

The configurational isomer dis@ibu@ons in the 6 species of 
wild salmon am signifkutiy, me from that of synthetic 
~~which~~~of25%ofeachofthe~~ 
and 50% of the meso form. Y&se mults show that the disui- 
butbn of the configuratd isomers of astaxanthin in wild 
sahmn flesh indeed provides a li#lsis for di&ngnisi@ wild 
sahnon&omaquacultmed&non&dq&eticastaxamhia 

Tllcrangeofeachofthec~~onal isomers of all-tmns 
~tax~thinismuchwidcrinchioook(king)salmonthaninthe 
5 other species (lhble 6). For example, the range of the (3$3’s) 
enautiomer for chinook is 47. MOJ%, compamd with 65.4- 
77.0% fix sockeye+ 77.1-89.446 for coho, 78.5-9&O% for pink, _ 

Figure 4. Overlay of LC profiles ,pf the camphanoy~ ddvath of astaxmBin sxtmtsd frcm wiid saimon and 
syntbtic -ct. Solid line =:(astaxaM in extracted from “W~hlngton staa” mlmon purohased from the SW 
pier fish market, ssta%amin. LC ocnditicne: Pmle ccvalent pphenylglydne 

. eolunm; mobile phatm hexa &rideathenol(73.2 * 244 + 2.4), flow r&e, 7.6 mtlmiq rnodtwing 
wavfhmgth, 490 nm. 
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Table 2 Tofal level @pm) of astaxdhi@ and distribution of configuratloml isomers of elc-irans astaxanthin In wild 
sockeye gelmon I 

Balmoil I 

No. sex Bamplli lg looatbn ss %  Mesa.48 RA %  Total isomers; ppm 

44 P  $0 L 73.8 4.8 21.4 31.1 
74.8 4.6 20.8 31.7 

.F 74,6 4.6 ?.0.9 324 

48 F i A  ’ 78.8 3.8 19.4 30.0 
I B  76.8 3.8 18.4 34.6 
4 77,o 3.9 19.1 39.2 

so F IA 728 4.8 225 46.7 
jB 73.6 4.7 21.7 43.0 
iC 73.!3 4.7 21.8 59.7 

76 f f A  71.1 4.6 243 33.7 
IB 71 .o 4.8 24.4 286 
;C 71.3 4.6 24.2 37.7 

57 MU 5.8 . /A 85.4 28.8 47.8 
iB 

85.p 65.4 
5.8 28.8 50.9 

iC 5.8 28.8 58.9 

74 U IA 73.2 4.4 224 32.4 
iB 74.5 4.6 n-2 43.3 

. ;c 73.1 4.5 22.4 422 

77.4-89.8 for chum, and 79.3-82.6 for Ar.la&ic salmon. Cl& 
nook sibnon (Oncorhynchus tshavytscha) ak di.t%mmt fmm 
the other salmon species because they occur Liong the Pacific 
cusstofNorthAlneIicaill2dis&tfon&Imownaaled- 
fleshed and white-fleshed chinook (20). The &ite-fleshed chi- 
aookisthewfywiMP~~orAtlaaricsalmda~~apParenrry 
doe8 not contain dopods of colored dicrary &mtenoids iu the 
neshofthestxuallymanuing~t(20).Ina~ofintestinal 
absorptionofastarx;mthiin,investigatan~l~~thatthepoor 
flesh pigmentaticm was due to rapid met&&m of the ab- 
snaedsS~~toCol~essderivlrtVes&thantafail~ 
ofthesamcMto~~astaxanthio(2I).OnlfyZof6chinook 
s&non samples in our study had very pale &h (No. 22 and 
No.23).TheamountofastaxantGiuoue~le@?o.22)was 
too low to derumine the configurational iscubic I&OS fla- 
ble 6). Furthexmore, there seemed rC, be 2 gro&s of configura- 
tional isomeric disrriiutions iu the Ied-* 7 i&inooksaImon 
(Table 6). One group msembled the rest of thelwild Pacific and 
Atlantic salmon (samples 23,52, and 54) withia rauge of @X3- 
805% for the (3$3’s) enantiomer cotnpared~witb a range of 
65.MO.O%fmtheJotherspecies.Tbcothw$ouphadabout 
qual disirjjon of the (3S.33) u~anti~ (47.14 1.0%) and 
the (3R,3’R) enantiomer (40.645.2%), with &former slightly 

higher than the latter, Inclusion of this second gmup bmadens 
thcrangeoftheentinsurvey.Amuchlargerdatabsse,however, 
wouldbemquiredtodeten&ewhetherthoseJGsbwiththeea- 
antiomers as the 2 me&r components corbslitutc‘a distinct sub 
group withjn the ti-fleshed chinook salmon, 

The mults of analyses of the remaiuing autheu$cated wild 
salmon are not expeoted to appreciabiy 2&I&t the c&igura- 
tional isomclic,distriition lqmted here. lbnlrs of au 
8OsimpleswiUbcrcpo~sep~y. . . . . _ _ 

Methodology 

TheLCpmfi3eofastaxa%tbinex~t5dfromthefleshof 
sdmonwasexeminedm~etheconfi~iso- 
lkWIiCratioarrdtOcolEpeaethCLC~aadirometiCOS 

withthoseofsyntheficastaxantbiuAquaculturedsahncmfcda 
diet supplemented with syntbotic astaxanthbi would be easy to 
ideMiQbecausethec&igu&oualisom&cratiosandtheLC 
profile of the extracted a+xa&n would be identical to those 
of4ynthetic astaxanthin. For wik& ma&e-caught salmon, & 
m io of ColIQWati~aI isomexs isexpectcdtoliewilhintbc 
rangewehaveesWi&sdtiwildsaimon.BrWmom,the 
LCprofi leofWaxa&&exuactedfromwildsalmonwouidbe 
difkmt from the LC p&Ie of synthetic astaxanthin. Exam- 
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Table 3. Total level @pm) of hand 
distrbdon of contlgurational l$omars ot afbtm t7s 
asbxmthin In wild coho salmod 

3aJmcnl 
SampJh lsz&3, 

No. sex eatJon as,&, Myso, %  R,R,% wm 
tI . 

70 p Ab 83.2 3.2 13.6 13.0 
15.4 12.2 

.I42 12.7 

71 F  A  77.8 h .8 13.8 
--. 

1e.s __ 
8 77.8 $7- 18.7 14.4 
C 77.1 A.7 192 13.0. 

88 M ’ A  87.8 2.8 9.5 10.7 
B  89.4 hi 0.6 9.9 
C 86.8 4.0 102 13.8 

89 h4 A  81.8 L? 16.4 . 9.8 
,B 82.9 d8 14.2 9.8’ 

C 84.4 A.8 128 Il.7 

72 M  .A 81.0 15.8 25.5 
B  79.9 d .2 

3.2 
18.9 18.7 

C 79.8 

2! ,a 

17.1 28.0 

75 M  A  83.8 13.4 12.8 
a 84.4 218 12.7 10.7 
C 81.6 48 15.8 10.8 

8.6-19.2 9.6-28.0 

- F=fem&. 

plesaregivenbelowforwild 
fCCfsynthetiCastaxanthin 

18 F“ 

55 F  

88 F  

14 M ’ 

59 M  

85 M  

77 x’ 

78 x 

84.8 3.4 
88.0 3.8 
82.5 3.4 

8.5 
6.2 
8.6 

88.8 
83.4 
86.4 

3.3 
29 
8.2 

5.6 
4.9 
5.3 

84.0 Al 11.8 6.3 
78.5 3.0 18.6 8.1 
89.8 3.2 16.0 8.9 

87.8 
88.4 
88.9~ 

80.8 
81.3 
80.9 

2s %.4 7.6 
2.5 11.0 6.2 
24 10.8 8.8 

3.8 16.8 7.2 
3.8 14.9 8.9 
4.0 15.1 7.3 

23 121 3.1 
2.8 10.8 3.4 
2.4 12.2 4.2 

20 10.8 
2.1 9.4 
2.4 10.2 

9.2 
11.8 

9.0 

9.0-18.8 

callyid@icalfezentiontimes,aacltheratiosofpealrswen’the 
samGinbcthpd%S(Figurss).OV~~Ofptaksehitingat 
10.1, 10.8, and 115 m in showed them to be an almost perfect 
match.weconcIudedthatlheastax~ex~~the 
Nomwgian flesh was synthetic astaxmthht, which must have 
hem added to the fish fesd. Consequently, the kwegian 
salmonwaspresuaMedtobeaquscrilhned~notwiId.ihe 
retem iontimeandtheWMSabsoq~~ofthtpealc 
at3.87minsuggestthatitisthedkster(s)ofastaxauth&. 

6 33TJd 5602 E8P ZWXVd 



Table 5, 
distribution of configurational isomers 
asWarMin in wild chum salmon 

TOW 
-wm 1-, 

No. sex iocatkm S,S,%~ Meso,% fp, % ppm 

29 F’ Ab 81.; 3.4 14.8 6.5 
BC 60.3 4.2 
Cd 81.5 

36 F A- 84.5 
8 84.0 
C 83.7 

422 A 86.8 22 9.0 6.7 
B 89.8 2.4 7.7 6.2 
c 86.4 24 9.2 5.7 

56F A 85.0 3.2 1.8 5.0 
6 65.5 3.4 il2 4.8 
C 84.8 3.3 il.8 5.4 

58 M* A 812 
I 

3.0 15.8 72 
B’ 80.6 3.6 k-8 7.8 
c 61.2 3.6 15.d 6.8 

62M A 73.3 3.6 .4 7.1 
B 77.4 3.8 .O 5.7 
C 78.2 3.7 lb.1 6.8 

Raw@ i7.4-59.8 1.742 

l F=femak 

icy waters of Canada ad Swthd 

. WMSaimon~ 

authemicated wild salmon, as expect& 

Co~ntr8tfon of Amtbin in Wid 

wedetenninedtheaRnollntd-tbini*efleshofrhe 
38 wild salmon studied, including 2 pak-&md clhcwk 

TaWe.6. ToWWei#pm)ofat%taxanthlnand 
dhaibwlon ofooniiguratlonal iaomara of all-trans 
ambmthin in wild &mok fkirsa) salmon 

Salmon 
lii 

-ww Isomers, I 
No. Sax kxation s&T % Meso, 46 W‘S ppn 

22 F’ Ab NIY 

i. 
ND 

Bd ND ND $ ::; 
0’ ND ND ND Ii 0.8 . 

23 M’ ‘A 85.6 ‘a8 31.1 0.9 I: 
B &al 28 32.1 

.’ 
0.9 I 

C w.5 2.0 33.5 1.0 , 

17.w A 50.1 3.6 41.3 12.9 
B 51.0 8.3 40‘6 13.1 

I C 502 8.8 412 11.0 

99 x A 48.5 8.1 43.4 11.7 
B 48.3 7.9 43.8 10.4, 
C 47.1 7.7 45.2 11.4 

52X A * 79.1 3.5 17.4 16.0 
B 80.5 3.3 16.3 19.8 

* c 79.8 3.3 77.0 22.4 

54X A 71.1 5.3 23.7 7.3 
0 70.8 5.3 23.9 5.3 
C 79.8 5.3 24.0 8-3 

J-P 47.1-60.5 2.0-8.6 16.3462 0.7-22.4 

a F=femak 
* A=sampkttakennearthe‘head,abngtheIateralline. 
’ NO=c&igudonalitwKnclricr;ttk,natdatennined(~n 

eonc#ltra6on too km). 
’ B;.sampletrikenatthe~terbeiowthPrdolBalfln,aknBthe 

IammI Ihe. 
l C=sasnpietaksnneat~tailabcvethkanalRn,alonglfielateral 

line. 
’ M=makJ. 
0 x~lmknown. 

, 
TOWB 7. -T~liaval(BPn)otasEaxanthlnand 
dlwbutlon of @Jonf@donal iaomwa of alWan 
Waxanthin in wild Attaatlc salmon 

Balmon 
LS~Z, * 

No. sex S,S. % Meso. 96 RR,% ppm 

2 P ‘79.3 4.9 15.9 5.1 
6 82.6 32 14.3 7.2 . 
1 Lib 81.0 3;7 t5s7 5.1 
3 M  80.1 4.3 15.6 4.9 
4 M  79.3 3.6 17.1 4.6 
5 ‘M 80.0 3.4 16.6 4.9 

?9.3-8&6 324.4 14.3-17.1 4.9-7.2 

* F=femakt. 
* M=mak. 

. 
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Plgure 6. Compafbon of LC p 
(A) Astaxanthin extmcted from 
condltlons: Pirkie covalent L-&I 

8dmon. Ihe :nmlt8 were consistet 
each of the specks (10). The am 
withinadefkdsangeforeachoftl 
bles2--7). l-beser2nges.af2sm~ 
lapped sufficimtly to preclude spec 
contmt alone. 

Oetemin~n ofL@id Conte 

‘l’he,amount~of lipid in the ftel 
detemhed C&-&le 8). Results wts 
values (IO). The amount of&id v 
species. For example, Atlantic Sal 
amount of lipid found in Atlantic s 

Pigwe 6. ~OverisyofLCpmfile 
-inextracteldfromwlki~ 
condltlons: Pirkle covalent t-lsu 
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ifes of astaxanthin extmcbd fromNorw@ansa@~~andsynthet!casbuanMn. 
wsgian salmon fliet, purchased from Weway. (8) gynthe6c astaxanttrin. LC 
e column; mobile phase A; flow rate, 1.6 ml&tin; monitoring waWeng&, 470 nm.. 

+ith literatme values for 
lt2 of astaxanthin were 

wildsaIm& qkcies Pa- 
ContcdlL llowwer* over- 
ionon&ebasisofcoior 

f wild salmon was also 
onsistit with litaaane 
devenwithinthes2rne 
KLNo.7b2dtwicetbe 
3on No. 9, whereas chi- 

nooksalmonNo.21had6timesthcamount~~f~foundin 
chum salmon No. 35. This variation iind the di&rences in f&tty 
acid profiles of lipids extmcted from wild and aquacultured 
salmon (24) may explain she cliifldltie -Willat- 
tCIXlptStOdfXiVatiztsstsx~*eXtraaedfiom~flCShaf 

s8hnon (see Methud Devekyment). 

COIlCllU?iOnS 

lastaxanthin~ from wild salmon and synthetic astaxanthfn. Solid line P 
ksalmnoM&edfromFDA’sOfHceofseefood; ---~syntheUcesbxenMn. LC 
tet column;moMle phast~ A; tkw mte, lb mUmin; monitoring waveMg@ 476 nm. 
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Kpid in 
6ahon No. TbtabIpid,%~ hexatle,ss 

7 4.61' 74.6 
8 4.39 66.4 
9 2.76 50.0 

if 4.86 77.0 
12 4.70 70.9 
13 'I .86 30.2 
15 285 46.1 
16 1.84 35.8 
20 3.81 62.2 
27 6.66 79.4 
25 %25 725 
26 2.03 37.1 
27 s.84 _ 60.6 
28 5.13 80.7 
30 1.33 16.9 
37 1.23 19.6 
32 ' 1.39 61.0 
33 2s2 45.7 
34 1.50 34.4 
3s 1.09 31.3 
39 152 29.9 
41 48.7 88.!5 
43 
4s 
46 
47 
49 
51 
58 
81 
84 
86 
87 

4.75 
2.72 
2.52 
2.76 
2.03 
251 
3"54 
1.98 
2-70 
l”43 
227 

61.3 
51.6 

i 

52.4 
1 
( 

48.5 
32.5 

j 

51.1 i 
545 1 
43.0 / 
50.3 i 
26.2 
38.7 

i 
! 

25.4 
31.6 
SO.0 
23.0 
28.1 
69.6 
53.9 
642 
37.8 
20.8 
27.5 
82.9 
19.4 
19.4 
83.1 
80.4 
39.0 
50.3 
65.8 
66.7 
79.1 
31.6 
36.7 
482 
47.6 
53.5 
67.5 
48.9 
453 
57.0 
49.7 
73.6 
61.3 

Fundingfortbisprqjectsvqxwi&dinp&ytb&Iice 
of%afood,FDA.WethankFDA’sSci#lt~W~~n 

State, for coktion of a&m&cakd kild Pacific salmon and 
tbeQuebcc~LslbradorFouadation,Ipswicb,MA,~co~on 
Qfauthenli~wildAtlanticsatnoa 
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