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MW @Gilgan. 1987. DEVELOPMENT GF HI GH LEVELS CF H STAMNE IN
ATLANTI C MACKEREL ( Sconber sconbrus Linnaeus): An exam nation of
sone factors affecting histamne formation in the mackere

ABSTRACT

An experinment was designed to determne the rate and degree of
accunul ation of histamne in very good quality mackerel under
several conditions to which the mackerel mght intentionally or
ot herwi se be exposed to in the fishing or processing operation.
The principal factors examned were icing, gutting and exposure

to histamne-formng bacteria. lcing essentially prevented
hi st am ne formation  even after cont am nat i on W th
hi st am ne-form ng bacteri a. Qutting had essentially no effect

but may have slightly inproved keeping at 20 C Exposure to
hi stamne-form ng bacteria accelerated the onset of t he
accunul ation of histamne but the native bacteria of the mackerel
were about as effective as the introduced, histamne-formng
bacteria at causing the accunul ation of histamne. The presence
of a small anount of salt does not inhibit histam ne formaion by

either natural or the introduced histam ne-forner, Pr ot eus
nmor gani i . On the other hand salt pickling apparently stops
enzymc activity sufficiently quickly to prevent the accunul ation
of hi stam ne in fish contamnated wth hi st am ne-form ng

bacteri a.



Résumé

Uhe expérience a &td congue pour determner la vitesse et |le
dégré d' accunul ation de Elstamine dans du nmaquereau bleu
d'excellente qualité& dans d|verses condi ti ons auxquel | es pourrait
etre exposé intentionnellenent ou autrenent, ce poi sSson au cours
des op8rations de peche ou de transfornation. Parmi |es
pr|n0|paux facteurs  &tudies figurent la mse en glace,
1'8viscération et 1'exposition a des bactéries productrices
d'histamine. La mse en glace prévenait essentiellenent |a
formation de |'histanine, méme aprbs cgptamlnatlon par des
bactéries productrices d’ hi st ami ne. L'éviscération n'avait
prat|quenent aucun effet, sauf qu'elle pouvait \peur-@tre
améliorer 1&g&rment 1la conservation du poisson a 29 C
L'exposition a des bactéries productrices d' hi stam ne hStalt le
début  de 1'accumulation de > histamine, mais les bact8ries
1ndlgenes du maquer eau bl eu présentaient une efficacit€ presque
£gals a celle des pactéries productrlces d'histamines introduites
come cause de | " accunul ation de |'histamne. La présence d'une
petite quantlte de sel n'inhibait pas la formation de |'histam ne
par |a baCterle Proteus norganii productrice d histamne, qu' elle

soit d'origin€ naturelle ou i ntroduite. Par aiIIeurs, 1e
saunmur age arr@tera1t l'activitié& enzymat| que suffisamment tOt
pour emp€cher |'accunulation de |'histamne dans 1le poisson

cont ani n€ par des bacteries productrices d' histanine,



I NTRODUCT! ON

Menbers of the Mackerel famly of fish have been known for
sonme tinme to develop a peculiar type of toxicity. The sickness
whi ch devel ops from eating fish wth this type of toxicity is
referred to as sconbroid poisoning. Sconbroid poisoning has many
of the synptons associated wth a histamne reaction and is now
general ly.attributed to hi stam ne poi soni ng, although this is not
uni versal ly accepted (1). The reported incidences of such
poi soni ngs and the general features of the problemhave been well
reviewed by several authors. One of the nost conplete and recent
reviews is that of Arnold and Brown (1).

Histamne is essentially a manmmalian hornone. It is a not
wel | under st ood internediarx in many allergic reactions such as
hay fever. The effects of histam ne can be counteracted through
the use of drugs referred to as antihistam nes. Ant i hi st am nes
have been reported to be effective at counteracting the effects
of sconbroid poisoning (2). This fact is the primary reason for

considering the illness to be histam ne poi soni ng.

H stamne is formed in living things by the action of an
enzynme on the amno acid histidine. The enzyne is responsible
for the renoval of the acid function of the amno acid, a
carboxylic acid gr oup, and hence Is called hi sti di ne

decar boxyl ase. For the enzyme to be active it is necessary that
the histidine be free and in solution, not bound in protein as it
usually is. The enzyne is normally found at very low activity
| evel s in ani nal s. Sone bacteria on the other hand, have been
found to produce considerable histidine decarboxylase activity.
Hence when these bacteria are exposed to free histidine they can
rapidly convert it to histamne. (One such bacterium which has
been commonly associated with histamne formation in fish (3,4)
and which is a very active histamne forner, is Proteus norganii

For reasons that are not yet understood, fish of the
Mackerel fam |y, the Sconbroids, may have .very high levels of
free histidine in their blood and tissues (5. Wen these fish
are exposed to bacteria capable of producing the histidine
decar boxyl ase, histamne may be fornmed at a rate nmuch greater
than that of the general spoilage of the fish. Therefore the
fish may accumulate very high levels of histamne w thout
acquiring the obvious characteristics of spoiled fish. Wile as
alluded to earlier the problem is not a sinple one, the
accunul ated hi stam ne can be toxic if the fish are eaten. Thi s
I's sconbroid poisoning.

~ There is no good agreenent in the world as to what level of
hi stam ne accumul ation represents the toxic level. As with nost
factors involved with human diet the problemis not a sinple one



to establish due to the great variability of human sensitivity
and diet and to the possible use of nedications which can
I ncrease nornmal sensivity. The nost generallx accepted level for
the accunul ation of histamne in fish or fish products is 10 ng %
(neanin% 10 nﬁ of free histamne per 100 g sanple). Beyond that
| evel the fish is considered to have spoiled even though it may
not be obviously toxic. The |l evel nbst generally accepted as
toxic is 100 mg % (1). However, it is not unusual to hear of
toxic reactions, which appear to be hi stam ne poi sonings, to nmuch
| oner concentrati ons.

Several nethods have been developed for the chem cal
determ nation of histamne in fish and fish products (6). These
are essentially all adaptations of sensitive clinical nethods.
Most are based on the neasurenent of the fluorescent product of
the quite specific reaction of histam ne with o-phthal al dehyde.
Al are capabl e of nmeauring histam ne with reasonable precision
Modern net hods based on the liquid chromatograph (e.g., 7) are
beginning to appear and may in tinme replace the older "wet
chem stry" met hods.

Wiile the formation of histam ne in mackerel has previously
been studied, | wished to determne the effect of icing, gutting
and exposure to a known histamne formng bacterium Proteus
morganii, on a single lot of v'eryfresh, good quality mackerel so
that the effects of the treatnments would be directly conparable.
A smal | experinent was conducted to determne the effect of a
uni form exposure of mackerel fromthe sane ot to brine wwith and
without prior exposure to the histamne formng bacterium
Ssmlarly I wanted to determne the effect of salt curing on the
formation of histamne in mackerel on which the histam ne formng
bacterium has been allowed to grow briefly prior to salting.

MATERI ALS AND METHODS

BACTER AL CULTURE

A culture of Proteus norganii was obtained fromthe National
Collections of |Industrial and Marine Bacteria, Torry Research
Station, Aberdeen, Scotland, UK (anmpul e 235, prepared 11 Jjun.
1974). The culture was revived at this [|aboratory by a
m crobi ol ogi st and nmai ntai ned on agar slants. One week prior to
use for experinental contamnation of the fish, cultures were
transferred to tryptone broth at 27 C

To ensure that the culture was able to decarboxyl ate
histidine, sterile tryptone broth tubes containing 5, 0.5  0.05
and 0.005 ng histidine/mL were innoculated wth sanples of the
actively growwng bacteria and incubated overnight at 27 C



Aliquots of the broth (0.5 mL) were then transferred to an equa
vol une of net hanol . Sanpl es were spotted as 2 nmzones on an
activated (120 C for 1 hr) thin-layer chromatography plate (E
Merck, Kieselgel 60 F-254, 5x10 c and run in acetone/ conc.
ammonia (20:1)(13) for 5 em (origin to front). The culture
extracts were conpared wth standard zones of histidine and
histamne after developnent wth ni nhydrin spray (300 ny
ninhydrin in 100 mL 3 % glac. acetic acid I n n-butanol).

FI SH SAMPLES

The mackerel were obtained froma trap to avoid net danmage
and to ensure that the fish were alive when transferred to the
vessel . They were placed imediately on ice in an insulated
container on board the fishing vessel. The container was
transferred to a truck at the shore and transported to the
| aboratory. On arrival at the Iaboratory the fish were held in

e

the sanme 1 nsulated container with an anp i ce supply until the
follow ng norning (10 hr). The fish were then distributed to
I ced containers in nunbers appropriate for the different sections
of the experinent. Al the fish were in excellent condition.
The animals used for the main trial (tables 1 and 2) were of very
uni form si ze, apProxinater 1 kg. The aninmals for the brine
treatnent and salt curing trials were of less uniformsize, 0.5

to 1 kg.
H STAM NE ANALYTI CAL PROCEDURE

The detailed analytical procedure will be presented in a
separate report. In brief the procedure used was an adaptation
of that published by Taylor et al. 1978 (8), which is itself an
adaptation of the orginial Shore (9) procedure.

The fish sanples were filleted while partially frozen,
skinned and the conbined fillets honogenized in a food processor
(CGeneral Electric, nodel PRrR1@@B) until it formed an even paste.
A sanple of the paste was then packed in a 50 mL plastic sanple
cup and stored in the refrigerator (ca. 6 C) if the sanple was to
be extracted that day or frozen for subsequent extraction. The
sanpl e was thoroughly rem xed prior to weighing out 10.00 g The
wei ghed sanple was further blended in ca. 50 mL nethanol with a
Polytron blender to an wuniform suspension (1 mn.) . The
suspensi on was transferred quantitatively to 100 mL volunetric
flask diluted to near 100 mL and incubated at 60 C for 1 hr.
When cooled to room tenperature the suspension was volunmed to
100. 00 mL. A sanple was transferred to a centrifuge tube,
centrifuged and the clear supernatant fluid stored at -30 Cin a
glass scintillation vial with a tight sealing cap.

For analysis the nethanol extract was rewarned to room
tenperature, and remxed. Al estinmates were determned fromthe



anal ysis of duplicate aliquots. An appropriate replicate aliquot
(0.200 mL) was transferred to a solution of 1 N sodium hydroxide
saturated wth sodiumchloride and potassiumsulfate. The al kal

solution was extracted wth an equal volune of water-saturated
n- butanol and an aliquot of the n-butanol extract extracted wth
an equal volunme dilute hydrochloric acid (0.1 N. An aliquot of
the HC1l extract was made alkaline with 1 N NaoOH and reacted for
precisely 4 min ,at room tenperature w th o-phthal al dehyde. The
reaction was stopped by the tinmed addition of 3 N HCIL.
Appropriate standards (0.05 to 1.0 ug histam ne) and bl anks were
prepared at the sane tinme. After ca. 15 min at room tenperature
the fluorescent intensity of each™ Sanple was determned at an
excitation wavel ength of 360 nm and an em ssion wavel ength of 450
nmwth a Turner nodel 430 spectrofluroneter. The hi stam ne
content of the sanples was estimated from standard curves
manually or wth a programmable calculator by regression

anal ysi s. Spi ke recovery estimates were used to correct
hi stam ne estimates for recovery |osses. For quality contro
pur poses a check sanple was included in each set of analyses. |If

the check sanple value obtained was significantly at variance
fromthe normal the whol e anal ysis was repeat ed.

H STAM NE ACCUMULATI ON TRI ALS

DETERM NATION CF THE EFFECTS G ICING QGJITING AND
CONTAM NATI ON W TH Prot eus norganii ON H STAM NE ACCUMJULATI ON

The fresh, round nmackerel were distributed to containers of
i ce as nentioned above in nunbers appropriate to the experinental
section. Each sanple normally consisted of five fish. The group
for each variabl e was sanpled on each of day 1, 2, 4 and 8. Day
O sanples (controls) were reserved for each nmajor grouping.
After the groups were established, the fish for the gutted groups
were then gutted, the heads and gills renoved, the fish washed
and returned to fresh ice in their assigned containers. When
everything was ready all sanples not to be treated wth Proteus
nmorganii were distributed to iced containers and transferred to a
colg room (6 O, or waxed boxes and transferred to a fune
cupboard (for roomtenperature). The sanples to be treated with

Proteus norganii  were then dipped in a suspension of day old
Proteus norganii cultures (4x5 mL) in tryptone broth in saline
(0.85% sodium chloride in distilled water) and placed i n

appropriate containers for iced or roomtenperature holding and
stored as above. The Proteus norganii contam nated sanples were
always handled last to mnimze the chances of accidental
contam nation by the bacterium The control sanples (see tables
1 and 2) were now placed in a plate freezer, frozen and stored at
-20 C wuntil they could be processed for extraction. O the
appropri ate days sanples of each category (see tables 1 and 2)
were renoved and i medi ately frozen.
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EFFECT OF BRI NE TREATMENT ON THE ACCUMULATI ON OF HI STAM NE

Gutted, headl ess mackerel (fifteen) were dipped in a brine
(10%w/v NaCl in water) and stored in waxed boxes in a fune
cupboard. Unselected animals (ten) from the same group of
mackerel were dipped in the Proteus norganii suspension and then
in the brine and stored as wmth the contamnated fish. Since the
animals were not different fromthose of the main experinent
except in size, no tinme zero sanples was taken as the control for
the main experinment would suffice for these aninmals also. When
the sanples were taken for the indicated categories on the
speci fied days (see table 3) they were immediately frozen

EFFECT OF SALT CURING (PICKLING ON THE ACCUMULATION OF
H STAMNE IN FISH CONTAM NATED WTH Proteus norganii AND
| NCUBATED FOR 24 HOURS

Round mackerel (ten) were dipped in the Proteus norgani
suspension and held in a waxed box at room tenperature as
descri bed above for 24 hours. The fish were then split along the
spine, gutted and placed in dry salt in a manner usual for
pickling. They were held covered, so as to exclude air from the
fish, at 6 Cin a plastic bucket for approximtely one nmonth then
sanpl ed and extracted as with the usual sanples.

RESULTS
EFFECT ofF | CING
_ Inall cases icing conpletely prevented the formation of
histam ne (tables 1 and 2). The values were so |ow that none of
the iced sanples were really different from zero. Due to the

very low values and instrumental error some readings were
actually slightly below zero, but since this has no physical
meani ng these have been reported as zero

EFFECT O GUTTI NG

Gutting had only mninmal effect on histam ne accunulation.
Gutted mackerel held at room tenperature wth only natura
bacterial contam nation had not exceeded 10 ng % by day 2 Al
ot her Proups held at roomtenperture for two days exceeded the
generally accepted tolerance for histamne. GCutted fish showed
| ower varlablllty in histam ne accumnul ati on.

EFFECT G- PROTEUS MORGANII CONTAM NATI ON

I ndi vidual round fish contamnated wth Proteus norgani
showed very high accunul ations of histamne by day 2 (table 1),
much higher than the equival ent uncontam nated group. However




some nenbers of the equival ent uncontam nated group al so showed

quite high values as well. It would appear that the natura
flora of these mackerel were quite capable of causing pronounced
hi st am ne accunul ati ons. The Proteus morganii contam nation

resulted in greater and more rapid accunulation, of histam ne
(tables 1 and 2.

Gutted fish exposed to Proteus norganii accunul ated
hi stam ne as qui ckly as ungutted at room tenperature (figure 1).
By day 4 the histamne accunulation in this group was nuch
greater than was seen in any other sanples in this trial

EFFECT OF BRI NE TREATMENT

The brine dip may have inhibited the formation of histam ne
in that the day 4 sanple values were all less than those shown
for equival ent groups above (table 3 vs table 2). However it
woul d not appear that this would be useful as the fish were
already well above the average acceptable histam ne |evel t wo
days after brine dipping, even wthout Proteus nor gani |
contam nation

EFFECT OF SALT PI CKLI NG

It appears that wunder the favorable conditions of |ow
tenperture and good contact with dry salt, the mackerel fillets
already contamnated with growing Proteus norganii did not
further accumulate significant anounts of histamne during the
pi ckling process (table 3).

DI SCUSSI ON

It is abundantly clear fromthe results of these trials that
the answer to controlling histam ne accunulation in mackerel is
to keep the fish at ice tenperature. The problem could be
elimnated if fishernmen, distributers and processors would hold
these fish at or near ice tenperture wuntil processed into a
stable form (canned or frozen). While the results in these
trials were the nost clear cut simlar results have been reported
el sewhere (10, 11). Since it appears that nost of the bacteria
whi ch cause the histamine formation are of enteric origin, and
presumal by reach the fish through sewage contam nation or
unhygenic conditions at the plant, during transportation or
on- board the fishing vessel, It is not suprising that their
activity is thoroughly inhibited by ice tenperature.  Proteus
norganii has been reported to produce little of the histidine

ecarboxyl ase enzyme below 15 C (12). While the fish in the
above trials would eventually have spoiled if kept on ice due to
the action of their natural cold tolerant bacteria it would not



appear that the spoiled fish would have had significant |evels of
hi stamne. There was no sign of histamne formation wth the
natural bacteria or after contamnation of the fish wth an
active histamne-forner, |ike Proteus norganii, even after eight
days storage in ice.

Wiile it would be nice to think that these results would
al ways be the case a little caution should be used. while the
maj or histamne fornmers have inplied enteric origins (Eschericia
coli, Proteus norganii, Klebsiella and Shiﬂella), and hence woul d
be relatively high tenperture organi sns, there may be exceptions
which will allow histamne formation at | ow tenperatures.

It was expected that gutting would accelerate the formation
of histam ne, particularly after exposure to Proteus norganii
The cut surfaces were expected to allow easier access to the
tissues by the mcroorganisns and ,their secreted enzynes. In
fact, in this case at |east, the round fish accumul ated hi stam ne
nore qui ckly than the gutted ("danmaged") fish. This may have
been due to the fact that the guts would essentially 1liquify
under these high tenperature conditions thereby allowing the
rapid growh of normal gut bacteria. It would appear that at
| east one of these bacteria, or less |likely one of those found on
the surface of the fish, was able to synthesize histamne from
histidine since it 1is generally accepted that sterile fish
ti ssues do not produce significant anounts of histam ne (1).

Contam nation of the fish with Proteus norganii was used to
ensure that histamne formation would be denonstrated. The
Proteus norganii contamnated fish were intended to be a worst
case denonstration. |t was not expected that the natural bacteria
woul d be so effective at histamne formation. Clearly if the
present trial was typical, histamne accunulation is to be
expected if the fish are kept under poor conditions, even w thout
speci al bacterial contam nation due to unh%genic condi ti ons. | t
shoul d be noted that while holding the fish at roomtenperture is
In some ways an extrene exanple, 1t is not nore extrene than the
condition of fish piled in an open boat in the sunshine in July.

To evaluate the effect of Ilowlevels of salt on histam ne
formation rates, trial fish were dipped in 10% brine. Brine was
used rather than solid salt to ensure uniform exposure. It
appears that the brine treatnent did not retard the rate of
histamne formation due to the natural bacterial contam nants
but, in fact, nmay have accelerated it in the early stages of

formation (table 3 vs. table 2). Retardation of histam ne
formation after Proteus norganii contam nation ﬁrobably di d
result fromthe brine treatnent and may warrant further study.

On the other hand salt pickling nust have fairly quickly
stopped hi stam ne accurul ati on due to Proteus norganii that was




already in progress (table 4). It was not certain before the
trial that the salt penetration would be rapid enough to prevent
further deterioration due to secreted enzynes, even though the
surface bacteria would be quickly inhibited. One could specul ate
that the free enzyne mght have been able to diffuse into the
fish ahead -of the salt for a tine and continue to create
hi stam ne even after salting had started. At |east under these
nore or less optinmumconditions for salting of low tenperature
and good salt <contact little or no further histamne formation
occurred (table 4 vs. table 1)

CONCLUSI ONS
1. Thorough icing conpletely inhibited the accunulation of
histamne in round or gutted nmackerel. It seens probable that
this woul d be generally true.
2. Qutting did not result in accelerated accunulation of
hi stam ne despite the formation of cut surfaces. Therefore

gutting to inProve the other quality characteristics of nackere
shoul d not affect the histam ne accunulation significantly even
if the fish were held under bad conditions.

3.  Mackerel caught and transported w thout significant danmage
can rapidly accunulate sufficient histamne to fail the usua

acceptance level standard (10 nmy %) when held under poor
conditions (less than 48 hours).

4. Light salting had no significant effect on the accumulation
of histamne in mackerel when held under bad conditions (room
t enperature).

5. Salt pickling quickly stops the formation of histam ne when
conducted with good salt contact at low (6 C) tenperature.

6. The presence of appreciable amounts of histamne in mackerel
products strongly indicates that at sonme point in the storage or
transport of the dead fish they were held for an extended period
at arelatively high tenperature
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Table 1

H st am ne accunul ation in fresh, rounq macker el
at room vs. ice tenperatures, and with natural

bacteria vs. contam nated with Proteus norganii

H STAM NE (g %)

DAY g 1 2 4 8
TREATVENT T
NATURAL BACTER! A o
| CED 0.1 0.6 0.5 0 0.4
0 0.6 0.5 0.3 0.3
0.1 0.4 0.5 0.7 0.6
0.3 0.5 0.5 0 0.6
0 0.6 0.3 0.3 0.5
(MEAN +- SD) 0.1 0.5 0.5 0.3 0.5
+-0.1 +0.1 +0.1 +-@.3 +0.1
ROOM TEMP 2.3 86.9 34.9 65.4
(20 C) 25 10. 2 137. 7 278.7
22 58. 8 13, 7 395. 0
27 5.0 454, 3 229, 8
27 3.9 47.9 55. 5
(MEAN +- SD) 2.5 33. 0 137. 7 204. 9
40 2 +-37.8 +-183.2 +-144.5
PROTEUS CONTAM NATED
| CED 0.4 0 0.6 6.1 0.2
0.3 g.1 .5 g.1 9.2
g.5 g.1 2.5 2.3 g.3
0.2 g.1 g.5 g.3 g.1
.2 g.1 9.3 0.3 9.1
(MEAN +- SD) 0.3 0.1 0.5 0.2 0.2
0.1 +0 +0.1 0.1 0.1
ROOM TEMP 0.7 386. 9 89.5 195. 9
(20 C) 0.4 14.9 1221 161. 1
0.4 9.2 40,6 -
0.3 205, 4 81. 4 214. 3
0.4 3.5 349 N
(MEAN +- SD) 0.4 142.0 73.7 190. 4
+ 0.2 +-184.7  + 36.2 .27



Table 2

Hi stam ne accunulation in fresh, gutted mackere
at roomyvs. ice tenperatures, and with natura
bacteria vs. contam nated with Proteus morganii

H STAM NE (ng %)

—————————————— T ———————————————————————— - ———————— —————————————————

DAY 0 1 2 2 8
TREATMENT T TTTTTmmmemmmmmmmme
o NATURAL BACTERI A o
| CED 0.2 0.3 0.1 0.1 0.1
0.2 0.3 0.1 0.3 0.1
0.2 0.2 0.2 0.1 0.3
0.2 0.2 0 0.1 0.1
0.2 0.2 0.1 0.2 0
(MEAN +- SD) 0.2 0.2 5.1 0.2 0.1
0 +0.1 +0.1 +0.1 +0.1
ROOM TEMP 4.1 7.2 150. 4 221. 3
(20 C) 22 5.0 81. 8 186. 5
22 21 138. 0 )
17 490 162. 9 _
22 23 161, 8 -
(MEAN +- SD) 25 4.3 139, 0 203. 9
0.9 +-2.1 +-33.5 - 24. 6
PROTEUS CONTAM NATED
| CED 0.1 0 0 0.5
g.1 g ) 0.2
0.1 ) g g.1
] .3 7] g.2
7] g.3 ) 0.2
(MEAN +- SD) .1 5.1 0 6.6
+-0.1 +-0.2 +-0.8
ROOM TEMP 0 24.7 460. 2 249. 7
(26 C) 0 22,7 386. 0 207.6
0.1 13.8 4330 108. 4
0.1 6.1 416. 0 190. 4
0.1 10. 8 N 204 1
(NMEAN +- SD) 0.1 15.6 423. 8 210.0
+0.1 +-7.9 + 311 +-23.1

—————————————————————————————— i ——————————— —————— ——— — ——— ——— —— ——————— —— ——
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Table 3

Hi stamine formation in gutted small mackerel
after brief exposure to brine

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
———— T A i ——— —— ——— — T A —————— T I A —— T A oy W A ik e — — — — S —— — Y G S ——

NATURAL BACTERI A

BRI NE DI PPED 0 24. 7 178.1
ROOM TEMP 0 23.1 180. 7
(2¢ C) 0 14.0 183. 2

0 6.8 188. 8

0 11.7 348.5

(MEAN +- SD) 0 16.1 215.9
+-7.6 +74.3

PROTEUS CONTAM NATED

BRI NE DI PPED 0.6 245 .4
ROOM TEMP .8 250.5
(20 C) 1.1 25@3.5
g.7 280.8

1.6 168.0

(MEAN +- SD) 1.0 239.0
+-0.4 +-42. 1

————————————————— T —— i ——————————————— i ———————— ———————————————————————— -



Table 4

Hi stam ne accumul ation in mackerel butterfly fillets exposed to Proteus
morgani i 24 hours at room tenperature (20 C) prior to salting

HI STAM NE (ng %)

(MEAN +- SD) 2.34-1.6



Figure 1

Comparison of the histam ne accunul ati ons achieved in round (a and b) and
gutted (c and d) mackerel with natural bacterial contam nation (a and c)
and after contamnation with Proteus nmorganii (b and d) held for the
indicated times at ice (=—@—) Or at room (-—g@-—) tenperatures.
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