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CAMBIOS DE COLOR EN LA PlEL DEL DORADO (MAHI-MAHI, CORYPHAFNA HIPPURUS)EN 
RELACION A LA FORMACION DE HISTAMINA 

a pielldei dorado de amarillo a blanca corn indlaador de la 

1985). Por esta rash La Food and Drugs Administration ds he EsBMe 
6nn en el produoto congelado para mntrdar su entrada en ese pals. 

(1985) han mostrado que la forma* de altos niwles de histamina en &r& ee 

ad es imprescindible para la pesca arteaanal en ambient- tmpicab. 

do nuoho en el manejo de este wcaQ para k 

o de me& caltdad pu& Ihar a 
que exprian 4 producto. 

histamides un proceso camplimdo qua nwesita un laboratorio y oi~rtos equtpos y 
e ha desarronado un metodo rdpido qulmieo enzidtica apto para d uso sin las 

Sin embargo, la industria m s i t a  un m4todo m8s 

P Ja oalidad del pesWdo 

* O~erseas Development Natural Resources Inst i tute/Overseas Development 
Administration, Gran Bretaiia. 



2 Materiales y m6todos 

2.1 Fuentes de dorado 

Para la prueba de deterioro a temperaturas actuales ambientales se obtuvo pescado fresco durante un viaje 
de pesca del buque de capacitaclbn 'Sirius' de la Escuela de Pesca de Manta, Ecuador. Se usaron espinel y 
linea (long lines) para pescar. Normalrnente, pero no siernpre, se obtienen 10s peces vivos. 

Para las dos pruebas realizadas a temperatures ambientales simuladas en el laboratorio se obtuvo pescado de , 
la empresa exportadora 'Cepromar', de Guayaquil. El pescado habla sido conservado en hie10 alrededor de 24 
horas desde la captura hasta el comienzo de la prueba, per0 sin conocer las condiciones precisas del 
manipuleo. 

2.2 Manejo de pescado 

2.2.1 Bajo condiciones ambientales en el "Sirius" 

Comenzando temprano en la noche, se dejaron al ambiente (23" - 26" C) tres pescados redbn capturados, de 
10s cuales el nurnero 1 estaba muerto y 10s numeros 2 y 3 estaban vivos luego de su captura. Cada 1 - 3 
horas se evalu6 y se clasific6 el estado de frescura usando el sisterna de Connell (1975), rnostrado en la 
Tabla 1, y el color de la piel fue notado. 

Se clasific6 el color visualmente usando una escala de 0% a 100% en la que 0% fue para un pescado 
completamente blanco en la superficie ventral y 100°/o para un pescado con la totalidad posible de coloracidn 
a~ari l ia en esta parte. Se consider6 para la clasificaci6n la extensidn e intensidad de mloraci6n amarllla en 
la piel. Luego de las primeras 9 horas, en adici6n a la inspeccibn, se tomaron muestras del mClsculo de un lado 
del pescado cornenzando cerca de la cabeza. Las muestras fueron sacadas corno trozos paralelos, dejando no 
menos de 10mm. de espacio entre ellos. Los trozos obtenidos se congelaron inmediatamente despubs de 
tomarlos. Estos se analizaron para su contenido de histamina. Se dejaron 10s pescados hasta que las . 
caracterlsticas organolbpticas indicaron que no eran aptos para el consumo humano (malos olores, pobre 
apariencia y textura). 

Adicional al trabajo antes descrito se realiz6 un estudio comparativo de 10s cambios de color de la piel entre 
dorados a1 ambiente y en hielo. 

2.2.2 Bajo condiciones ambientales simuladas en el laboratorio 

Se realiz6 la Prueba No 2 usando un horno electric0 (marca Afos mini kiln, Inglaterra) para mantener 
pescados a temperaturas entre 30" y 35" C. En la Prueba No 3 se sumergid el pescado en agua entre 30" y 
35" C para cantroiar su temperatura. Se utilizaron seis pescados para cada prueba que se realizb, usando 10s 
rnismos mbtodos de inspeccibn sensorial, clasificaci6n de color, calidad y anillisis de histamina que fue usado 
en la Prueba No 1. Se control6 el pescaao cada 2 a 4 horas y se empez6 a tomar muestras para el andlMs de 
histamina a partir de ocho horar. 

2.3 Analisis de histamina 

1 
Loe analisis se realizaron de acuerdo con el metodo f(uorom4trico de T a y l o r u  (1978). Las muedras 
fueron desmenuzadas y homogenizadas en un molino el6ctrlco previo a l os~6 l i s i s  da histaminah Se realiz6 la 
extraccl6n inlcial con metanol y so las transfirieron en n-butanol luego a ilcido para aislar la histamina de 
otras sustancias interferentes. La flourescencia es desarroilada por la reacci6n qulmica entre la histarnina 
extralda y el o-phthalaldehydo (OPT, de BDH Chemicals, Inglaterra). La fluorescenoia fue medlda en un 
flow6metro tipo Turner Ill (Turner Designs, USA) con filtros de 36Onm (primario), 450nm (sacundario). 

3. Resultedos 
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%lor y I @  Figuras 2, 4, 6 la histarnina y calidad. Debido a la existencia de datos co'incidentes, i. .. para la dl? .los grAficos no se presentan llneas para todas las pruebas. Se escogieron llneas que 
; muestran las tandenaas de 10s datos y que indican las diferencias entre 10s pscados. P - Z 

IF- Las llneas horizontalm arriba de 10s grlficos representan el grado de calidad del pescado, y las lineas cortas 

P ,. 
verticales indican lm hhoras de inspeccibn. Las llneas en la parte que coinciden significa que hub0 pescado de 
10s dos grados. 

L) - 

b En la Prueba No 1 (Figuras 1 y 2) bajo las condiciones arnbientales (temperatura 23" a 26" C) la perdida de 
color amarillo em mb rapid0 que la acurnulaci6n de histamina. Solamente en la muestra 1, que llego muerto 

D wando era tran$pa@do al buque en la llnea de pesca, acumul6 niveles significativos de histamina en 24 horas 

P < 

de alrnaoenamienta Sm embargo este pescado habla perdido rnucho de su color antes de llegar abordo luego de 
Tsu captura. 

arilla era de grado A, sin histamina. El carnbio de amarillo a blanco coincidi6 mls o 
de grado A a B que sucedi6 despubs de 8 horas. No hubo formacibn de niveles 
mina hasta que estuvo el pescado en el grado C (no aceptable debido a sus 
tes). El carnbio de color de la piel no fue lStil para distinguir entre pescados de grado 

liaboratorio indicaron que bajo &was condidones el cambio en el -lor de la pM pugde 
a No 2 en el horno, la piel del pewado se sec6 y ccrma indim la Figura 3 bajo 

perdida del amarillo. Sin embargo, el deterha y formdbn de la histamini 
igura 4) y tue posible obtem pescado con pi4 bien arnarilla de grado C y con 
(rnAs de 100 mg%). 

) que retuvo a l p  dg la coloracEtKl amarilla de la del penrr, 

en ninguna muestra h u b  niveles signifkativos de histamina en el pscado de 

En hs mu-$ tomadas en varios tiempos y prownientes del rnismo pescado, hublam ciertas wriaciones 
en Yoa nivelee de hlaamina, especialmente en la Prueba 3 (Figura 6). TarnbW so revdaron dfmndas entra 
pescada en cuanto a la vel&Mad de acumulaciCM de histamina. 

, d #  ', 4a 

1 . i Q~&U- p. wnx:~udones 

b 4,l Relael& el color amarillo y la calidad de dorado 

El dorado recien capturado tiene una wperficie ventral amarillo. Sin embargo, hay bastante ditsre~la9 mtre 
la Intenetdad y extmsi6n del color entre peces diferentes. Durante el deteriaro del pescado hay urn' pLkdida 

. dd color. Cae tres p u e b s  han mostrado we la velocidad &-la Mrdida del color depends no sdamente de qura 
la vbllOci,d% ~ d @ W d o . d a . ~ d a  sino de las mndiciwes del manejo luego de su atpura. Es nmrio que si 
la piel put@& swarse d m ?  81 -manipuleo, la pBrdida del color amarillo es m h o  mews rhpido qus bajo 
oon&ianes dr hum- qbaPas que no afme el deterioro general. 



Por Go, a pu* mnclulr que m hay una ielscibn fija e m  la calidad o frescun del pa&,) A trttensickd 
a e%wiei$n d?# amrilfo de la plel. Bin embargo la p r i m r ~  pnreba fabarb && un buqu$~@@uar~# 1ndM 
q ~ g  bafo eebs ~dirbonw "nmalesa el ~ Q r r  urps i'whl n a m & k & m &  a1- 'y 
el pasma 'Mancon esta&a da calidad k f a r .  %' )"op ma, m& mmbfc dra cokr e-s Qtil Y P O ~  M a d o r  de 
calfdad pem solamente de oonfianza en carnbinaci6n mn los elm indicadores de didad axm olor, apadencia 
Cb lQ5 ~ Q S ,  

Oorna en .C didad en g e m l ,  no hay uno relaei6n fija enhe el cotor de la piel y aantenido de hi9Mmfna. Los 
&'tw indican qua 10s p e s d ~ s  clasifimd~s rn grado A d~bldu a sus caractetbtlms asnsorial~s m WmMtan 
Hs&m[na y nwmalmente tonfan ki piel c8Iw amarills. Sh embarga, lo oontrarici no eg verckd: da con 
pIel amgrilla, pu* ar de grads B o C y pude contener Mmmina bajo ciertgs condiciones. . 
El cambia de color no es ail para distlngulr entre pscados de didad inferior (grab B) y pescadas no aplos 
para el consumo humno (grado C-) porque los dos grad& tenkn el mistno a b r  bajo las condldones u-8. B 
olor y tamra $s( pastx%$o son los indlcachm JsJds Mpottarttas pwa dbthguh los dos grados per0 d eE 
cotor de la piel, alor y gerxtwra sENjeran p&9 dislhgutf d peso&% & dW inferior, pero e ~ t e ~ ~  
apto~pera el cor rsw human0 que en realidad cantenfa n b e h  exmmkm- cle hktamfff~. E m  8- 
mmithn&a rn lWtw& (IGBS) qoe aixrmbpfbn qua &l%Ps , m pmb ~h#& . , p c a d o  a n  e m s  caracSerfsticas. 

L a  wriacianes en 10s niveies de kistamtm &-mados en las Plurebm 2 y 3a pr&&mrrte son debida a la 
Wmack%n no unWrm8 de hktam1w sn las dUerenZes paR@s dsir y diFar@~Qs erne un pescado y 
om. Bastadc &g (1886) Bmbi4n e m t r a m  variaoiones grandes e@fa opm@dg&. 

4 * 
'No se =be For que la p W i d r  rifd a&r en la pkl fue mas &ido en la P r W  Na I we la' Prmba No 3, k j o  
eondlBSonee hbedas y mas c a l m s .  4El uso de pewado mW@o mn d m ~ M M p s a  la b e b a  No b _ 
sw cm fawr, W i  4a pro2eoo%n dPsl ~pdgeno del aim dad@ $m kt @h&d%m GfiY s&t~a en la mrna p w -  
Acum$aci&n ds ' b t a m . e n  el d o W  whtelado con anbhrkhd We e#&lhf a la 'a do~ado no %nhUada 
mwtstigado par bstock U (1985). 

L4 DefioOendaa en las pnicticas de Imp~cc1c)n $e dored@ 
I 

Sin duda se ha mejarado d mmi@ukt~ du'dora*Jo para sxpartacidn, 
canoas msanales. Sin mbarpI en C actualidad dgunos lotes de 
par amtmer alm Indim de hbtamina. No se =be sb el pahlema r w i k  qi @I hedm de que el expowar sclto 
trgaga la &!Mad en el color de la re&- s& d '%mBo aarnMlkP m Ng@h& sin 
~ o & &  mrBs mnpttpta, ~~~9~ la se e@mrte &m& ,wrr'aky - M e s  de histamina d k 
jd4 del psmadra &tWwsacarse de . klo se si b h a  a! !a p r W k  en 
operadmes comre:iaLes. Quiz& sea m& p04i@I0 qua se este expo 
qum puede mntmer btetamina. 

Existe la necesidads de una hvestlgacibn de las cara#@rlsticas rrensorlaleqde) dorA)c/&ixportado en relaci6n a 
su contenido de histamina gars mdorar~fa lnspacddn d4 p-do an ~ @ $ f a ~ $ b a m i e n t o .  Tambien 
existe la necesidad de 
raz6n par la cual el pray 
alslamientb tbrmko esta ya on desarrollo. 

LQS autores qulrendejar constanofa de su agradecirnlento a la Escuela de Pssaa de Manta y a la empraMl 
I 'Cepremar' por su valiasa colaboraob durn*. estoe trabajw, Ta-6n a Maflana XBrM&idez par SU 

cisistencia tecnica d u r m  lm anllisis de hl&t%mh y 8 Marjgr#e Ce- p la elabor&Bn de Ple F&jFlgM.. 
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Inspeccibn y caracteristicas del pescado fresco/hhedo 

luminoso 
brillante 

mmo cera eds, &dida 
de colores y 
reducci6n 

como leche amarillqris, amariuo, rnarrbn 

un poco coagulsda muY coagulada 
Limo de 

piel 

transparente 

un poco c6ncav0, completamente 
retina pis cornea hundidoq retina 

waca gris, cornea opa- 

cay descolorida. 

Ojos convexos, retina plano, retina 
negra, cornea trans- un poco opaca, 

parente y brillante. cornea un poco 

blanca como le- 
the. 

Rojas, brillantes Rosadas, limo como Gris, limo pis marrbn, limo 

limo transparente y leche. y un poco cagu- amarillo-pis, 
brillante lado. coagulado. 

luminoso, difid rom- un poco apagado, graviUado, un poco graviuado, faicil 

Per difid romper. fdeil de romper. romper. 

Olozes de 

agallas 

freeco, de mraiscos sin olor, olor neutral un poco m o h m  d t i co ,  de fruta, 
amino, azufle, 

malo. 
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FIG'1 PERDIDA DE COLOR EN LA PIEL DEL DORADO A 2 3 - 2 6 ' ~  (~rueba 1) 

Gl'ado de A . . .  A 
cal idad - - 

B..R 

Hues t r a  
X I -+ 2 
0 3 

% de amarlllo 
en l a  p le l  

Tiempo (bras)  

FIG. 2 AtUMULAClON DE H I  STAH INA EN EL WRADe A 23-Mat (c- 1 )  

Grado de A A 
cal idad B - * 

T iempo ( b r a s )  
I 

NOTA? Se cambi6.el grado de calidad de l a  muestra 1 aproximadamente 

Q horas antes de las muestras 2 y 3. 



FIG. 3 PERDIDA DEL COLOR EN LA'PI EL DEL DORADO A 30-35'C BAJO 

COND l C l ONES SECAS (Pruebb 2) 

Grado de 4 .: A 
ca l  idad B - 

C 
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"U X 0 
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o 4 a 12 is 10 01 

I 

Tiempo (horas) 

FIG. 4' ACUMULACION DE HISTAMINA EN EL DORADO A 30-3S°C BAJO 

COND l C l ONES SECAS (Prueba 2) 

Grado de A A 
ca 1 idad ,-t 

c. 
a 

/ 

Histamina 
mg% 

Tiempo (horas) 
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FIG. 5 PERDl DA DE COLOR EN LA PI EL. DEL DORADO A 30-3S°C BAJO 

CONDl C IONES DE HUMEDAD. ( ~ r u e b a  3 ) .  

Grado de A A 
cal  idad # - u 

Mues t ra  
X I 

I t  

0 . a  
A 4 

v ' .  
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L 
0 4 B 12 is I #8 

Tiempo (horas) 

FIG. 6 ACUMULACION DE HI STAMINA EN EL DORA00 A 30-3S°C BAJO 

CONDl ClONES DE HUMEDAD (Prueba 3). 

Grado de A ca l idad b 8 B B- 
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Histamina 
ms% 
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Muestra 4 

Muestra 5 
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Muestra 1 

Tiempo (horas) 



COLOUR CHANGES IN THE SKIN IN RELATION TO THE FORMATION OF HISTAMINE IN DORADO 
(MAHI-MAHI, CORYPHAENA HIPPURUS) 

by C.D.Wood*, N, Camba and M Grijalva 

lnstituto Nacional de Pesca 
Casilla (PO Box) 5918 
Guayaquil, Ecuador 

In Ecuador the change in colour of the &In f m  yellow to white is used as a quality in&mtor for dorado. 
This change in relation to histamine formation was investigated under various. conditions. It was concluded 
that in combination with other parameters such as odour and texture, the skin colour could be useful in 
distinguishing between fish of high quality (grade A) and that of inferior quality (grade €3). 

However, conditions do exist under which it is possible to have dorado unfit for human consumption with 
yellow skin and therefore it is always recommendable to check all of the sensory characte@stics when 
evaluating quality. This colour change is unable to distinguish dorado with significant levels of histamine, 
Qnly good handling practices can ensure the good quality of the product. 

Dem& (Mahl-mahl, b a Wrh whirch is papukax in b&h d ~ ~ n e e d @  and &port markets. 
The mjority ai the .~l_smsk-fmm the. aPtjgn.81 eector using sm@Ji *-mden, sr fibre-gkss b~a ts .  
Treadknally nsi"rS.l.err im nw &sr mwwrars are u d  ter @ill tl*r13 fish. T15wekre U7e tmp~rt d this produet 
has a wrft~~ ef p W h ~  dub ta p m  quality, es&12lly high levdzi af M ~ n z [ n &  wKiEt? mn ti% taxk I k & o c k  
&& l ~ ~ $ ,  W m u m  aof tMs the Un i t4  States F d  and Drugs Admld~mtslm put an "2rnpart akrt" on h 
frozen prarcwdm in cs.lkder b cbrknot ot entry Intto' 
that muntfy. + 

The, stucrim d B m a c k u  (1 $3355 have shown hat the fmPlbion crf hkgh Ms&rni.na k i d s  in dorad~  Es due trr 
its s torqp d k3mbF0flY tmpeF5pnrreB (25" -30' G) far mars h n  9 ham, but d fampmtU:r%!s sf e6" C or 
Iesi8 ft iS'pmsMa! fO auaid thSs p M m .  Th~refvre the use of ioe b &@in a g@ pf i ty :  pr&& Tki essential 
k r  an arWsB-m@I f i s k q  u n k r  tcapka1 mnditime, 

In rewnt ymw the fishing induusfry~bas considerabiy improved the handling of this product for export. The 
use of 1- Ei Zha W~TQ.B.S is new n~rmrtl br this eiwivity, Quality problems do, however, still exist. The 
fishmram & noT a lwap use the k s  weU, and fish can die csn The fishlng lines hours before being landed. Poor 
quality darado can r m h  the fish -1radarra and in turn ths pm.ee@dng plants which export the product. . , v  

fha shemEml analysis for histamine'is a m@it;%~&d p f m  wh ih  needs a laboratory and certain equipment 
and chmbl mq~meMi. A rapEd chemi~alienzymic method has been developed suitable for use without 
I~abwaZory f&litles @~mtt and Gambcr. lW),, Rawever the industry needs a more simple, non-chemical 
mthod of In n Pa_a\~aluaSe their product. -- - 

-./-- 

Many twmre of the inclustry ~Istz the sMr~ miour change frarn yefSm@ I@ ~ h l t e  a! 'the fbhCs ventral a w f w  as 
the most I m p e n t  in&ka@r ef qalfty. Mswever tb&s is agtsren2ly no informailan in the eciontinc 
literature a b u t  this chaw@ in &dm to hb1miw fm iba. ~ b P @ r e  tlw praSn? study w s  mnduotad ta 
investigate t h  cola.uf ahange, analpsing srampkw kr  h am<he, and cias$tQiing Zlle quality d the fish  win^ 

termperaturn@. 

'"%: 
wnven;ttmal wnsory meth-ads during the spIJjl&ge &&orado at actual or simulated' E w r h r i a n  ambient 

Overseas Deve lopment  Na tu ra l  Resources  Ins t i tu te /Overseas  Deve lopment  
A*L~ in is t ra t ion ,  Great Britain FA-:. Z>-M - 

!6 



temperatures fresh fish was obtained during a fishing voyage of the 
hool (Escuela de Pesca), Manta, Ecuador. Long lines were wed for 

fish was brought aboard alive. 

thb laboratory at simulated ambient temperatures, fish was obtained from the 
The flsh had been kept on ice for about 24 hours from capture to the start 

the exact handling conditions. 

em&t ' eonditiones on the "Sirius" 

&id&J- @@t, three recently captured fish were left at ambient temperatures (as0 - 2 5 O  C), 
W w b e r  1 'W and numbers'2 and 3 alive when landed on the boat. Every ~l - 3 hours they were 3 inspected and t h e e o f  freshness was classified us tn~ the eystem of Connell (1975). shorn in Taw. 1. 

Y and 9he C@WP nf &@-&in Was noted. The colour was classified visually using a scale from Oo/o to 100% in 
b whiicrhi ~3% rtwi-br-4 fish with a completely white ventral surface and 100% for a fish with the maximum 

- ' . pass jb  yello&rnI~~ration. For this classification the extension and intensity of yellow celouration of the 

hours, In addition to the inspection, samples were taken of the muscle from one side of the 
the, head. The samples were taken as parallel portions, leaving at least 10 mm between 
las obtained were frozen immediately after being taken. These were analysed for their 
. The fish were left until their organoleptic characteristics indicated that thev were unfit 

for hmmn ~mnsurnption (bad odours, poor appearan& and texture). 
;, .& 

e 

2 fa .Ik experiment described above a comparative study of the colour changes of the skin d dorado 
-'% atfWW femp&~atyres and on ica was conducted. 

a2.2 .Under simulated ambient conditions in  the laboratory 

~ l i x p w i i  t? was conducted using an .electric kiln (Afos mini kiln, England) to maintah the fish at 
fe,RpemWtke la.&wi~n 30° and 35" C. In Experiments 3 the fish was subrnergd in water beween 30" and 
39' C k~ crnWd Its temperature. Six fish were used in each experiment which were conducted using the 
mme mews of Sensory inspection, classification of colour and quality. and histamine analyais that was 
if.& BP &pwimenf 7. The fish was inspected every 2 to 4 hours and the taking of samples for histamine 
aIaW was @&fM after 8 hours. 

Hlstaminrr analyses . 
Analyses were performed by the flourometric method of T a y l o r u  (1978). The samples were m i d  and 
hornogmbed in a Hobart type electric honqenizer prior to being analysed, The homogenised sample was 
extracted in methanol and the extracts transferred to n-butanol then acid to isolate the h~starnine from 
InzerfiePrFng substances. The flourescence was devQleped by the chemical reaction between the extracted 
~hts&mine-'dnd &pM&dWehyde OPT, BDH Chemicals, England). The fluorescence was measured in a Turner 
III FF~uromler flwpsl&? Designs, USA) with the following filters; primary 360 nm, secondary 450 nm. 

I ' 

8. Resurts 

Figures 1 .to 6 show h e  changes of skin colour, quality and histamine content of the fish versus storage time 
'under 3 iets of different cbrrditbns. Figures 1,3,5-show @our and quality, Fjgures 2,4.6 hietamine content 



and quality. Due to the presence of coincident data. for the preparation of the figures lines were not drawn 
for each sample. Lines were selected which show the tendencies of the data and which indicate the 
differences between the fish. 

The horizontal lines above the graphs represent the quality grade of the fish, the short vertical lines 
indicating the time of inspection. Overlapping lines mean that there was fish of both grades. 

In Experiment 1 (Figures 1 and 2). under ambient conditions (temperatures of 23" to 26" C) the loss of the 
yellow colour was more rapid than the accumulation of histamine. Only the first fish, which was landed dead 
on the fishing line, had accumulated significant levels of histamine in 24 hours of storage. However it had 
lost much of its colour before being landed. 

The second and third fish were in rigor mortis between 4.5 and 6 hours after dying The first fish had passed 
this stage before it was landed. A fourth fish captured the following day was in rigor monis between 1.5 and 
3 hours after being killed losing the yellow colour of its skin in 7 to 8 hours as had the second and third fish 
(as shown in Figure 1). In comparison, dorado stored in ice passed through rigor mortis after 40 hours and 
lost very little of its colouration during this period. 

Dorado with yellow skin was of grade A, without significant histamine levels. The change from yellow to 
white coincided more or less with the change from grade A ro B, which took place after 8 h~urs. There was 
no formation of significant levels of histamine until the fish was of grade C (not acceptable due to its sensory 
characteristics). The colour change of the skin was not usetul in distinguishing between fish,'bf grade B and 
grade C. 

The two experiments conducted in the laboratory indicated that under other conditions the change in the 
colour of the skin can be much slower. In Experiment 2, in the kiln, the fish skin dried out and as Figure 3 
indicates under these conditions there was little loss of the yellow colouration. D e t e r i ~ r a t i ~ ~  and histamine 
formation, however, continued in the normal way (Figure 4) and it was possible to obtain fish' with strongly 
coloured yellow skin which was of grade C quality and with a very high histamine content ((over 100 me&). 

Figure 5 indicates that i~ the fish in water at temperatures between 30" and 35" C (Experiment 3) the loss 
of yellow colour from the skin was slower than in the first experiment (under ambient conditions). After 5 
hours there was fish (especially number 5) which retained something of the yellow colouration of the skin but 
had very high levels of histamine. 

In the Experiments 2 and 3 it is worth noting that none of the samples taken from fish classified as grade A 
contained significant levels of histamine. However certain fish classified as grade 0 (normally considered as 
apt 'for human consumption) contained high levels of histamine and in variaus cases in Experiment 3 they 
contained more than 100 mg%, a level considered to be toxic, 

In the samples taken at different times from the same fish there were some variations in histamine levels, 
especially in Experiment 3 (Figure 6). Also differences between fish in relation to the velocity of histamine 
accumulation were observed. . . . . 
4 Discussion and conclusions 

4.1 Relationship between the yellow colouratqbn and quality of dorado 

Recently captured dorado has a yellow ventral surface. However there are significanl .$lff+rqncek in the 
intensity and extension of colouration between fish. During the deterioration of the fish'there. Ss'a loss of 
colour. The three experiments have shown that the speed of colour loss depends not simply on the rate of 
deterioration of the fish but on the handling conditions used after capture. It is notable hgt-i$?hg skin can. 
dry out during handling the loss of yellow colouration is much slower than under moist condhions while 
general deterioration is not significantly affected. 

It can be concluded, therefore, that there is no fixed relationship between the quality or fresbnes$,of the fish 
and the intensity or extent of the yellow colou(ation 6f the skin. However, the first expe~iment: (on board 



the fishing boat) indicated that under those "normal" conditions fish with an intense yellow colour was of good 
quality and "white" fish was of inferior quality. Therefore this change in colour is useful as a quality 
indicator but reliable only in combination with other quality indicators such as smell, appearance of the eyes 
etc. 

4.2 Yellow colouration and histamine content 

As with generai quality, there is no fixed relationship between skin colour and histamine content. The data 
indicate that the fish classified as grade A due to their sensory characteristics did not contain histamine and 
usually had yellow coloured skin. However the reverse is not true;under certain conditions yellow skinned 
fish may be of grade B or C and could contain histamine. 

The change of colour is not useful in distinguishing between fish of inferior quality (grade B) and fi$h not fit 
for human consumption (grade C) because the two grades had the same skin colour under the conditions used. 
Smell and texture of the fish are the most important indicators for distinguishing the two grades, but neither 
the colour of the skin nor the smell and texture can distinguish between inferior quality fish which is 
apparently fit for human consumption but which in reality contains excessively high levels of histamin'e. This 
finding is in agreement with B o s t o c k U  (1985) who concluded that organoleptic analysis cannot ,identify 
fish with these characteristics. 

4.3 Anomolies in  the experimental systems used 

The variations in the levels of histamine observed in Experiments 2 and 3 are probably due to the non- 
uniform formation of histamine in the different parts of the fish and differences between one fish and 
another. B o s t o c k u  (1985) also found large variations between fish. 

It is not clear why the loss of skin colour in Experiment 1 was faster than in Experiment 3, under wet, 
warmer conditions. The use of fish which had been previously iced for ~x~e r imdn t  3 could have been a 
factor, also the protection from atmospheric oxygen given by the submerging of fish in water in the same 
trial. The accumulation of histamine in dorado which had been iced previously was similar to that for the 
uniced fish studied by Bostock a (1985). 

4.4 Deficiencies in  dorado inspection practices 

Without doubt the handling of dorado for export has been improved, especially in the use of ice in the 
artisanal boats. However some batches of dorado from Ecuador are still being rejected for having high levels 

' of histamine, It is not known if the problem is that the exporters base their quality grading only on skin 
colour. If, in practice, only yellow coloured dorado is exported but without a more complete inspection, the 
possibility exists that products with high levels of histamine can be exported if, during handling, the skin of 
the fish dries out. It is not known if this is a problem in practice during commercial operations. Perhaps 
more probably it is the exportation of fish apparently of grade B which actually contains histamine which 
leads to rejections. 

4.5 Need for further investigation 

There is a need to investigate the sensory characteristics of exported dorado in relation to their histamine 
content in order to improve fish inspection in the processing plants. Also there is a need to continue with the 
improvement of dorado handling, especially on the fishihg boats and for this reason the British Mission and 
the INP are investigating the use of thermally insulated boxes. 
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Inspection and characteristics of freshlwet fish 

Quality ~ e s h  . , >  Less fresh 
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Source: C u n d  ( 1975) 
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mucus opaque mucus yellowish 

and thick grey and 
clotted 
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to tear from 

flesh 

d t t y ,  easily 
tom from 

flesh 

definite musty 

mousy etc, 

bready, malty 

etc. 

acetic, fruity 

amines, sulphide. 
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FIG.  1 LOSS OF SKIN COLOUR OF DORADO AT 23-26'C (~xper iment  1 )  
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FIG. 2 ACCUMULATION OF HISTAMINE I N  DORADO AT 2 3 - 2 6 ' ~  ( ~ x ~ e r i m e n t  1 )  
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Note*: The qua l i ty  grade o f  sample 1 changed approximately 

2 hours before samples 2 and 3 .  



FIG. 3. LOSS OF COLOUR OF DORADO AT 30-35OC UNDER DRY CONDITIONS 
(Experiment 2) 
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FIG. 4 .  ACCUMULATION OF HISTAMINE IN DORADO AT 30-35°C UNDER DRY CONDITIONS 
( ~ x p e r  iment 2) 
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FIG. 5 LOSS OF SKIN COLOUR OF MUADO AT 30-35OC UND@ WET CONDITIONS 
(~xpeilment 3) 
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FIG. 6 ACCUMULATION OF HISTAMINE IN DORA00 AT 30-35'C UNDER WET CONDIT IONS 
(Experiment 3) 
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