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Consumption of f ish containing a high level of free histamine 
is associated with scombroid food poisoning. S~nptoms of th is  type 
of poisoning include a burning sensation in the throat ,  facial  f lush-  
ing, headache, nausea, and vomiting (EDMUNDS & EITENHILLER 1975). 
When f ish are not properly refr igerated or frozen soon af ter  being 
caught, h is t id ine decarboxylating bacteria can rapidly mult ip ly and 
convert the h is t id ine to histamine as shown in Figure 1. 
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Figure 1. Decarboxylation reaction of h is t id ine to histamine by 
microorganisms (M.O.). 

I t  is thought that th is reaction is the source of histamine in f ish 
that  causes the aforementioned %nnptoms associated with scombroid 
food poisoning. 

High concentrations of free h is t id ine were reported by LUKTON & 
OLCOTT (1958) in the t issue of tuna, mackerel, mahi mahi, bonito, 
bu t te r f l y  k ingf ish, and saury. These authors also showed that skip- 
jack tuna contained 1192 mg free h is t id ine,  yel lowf in tuna, 740 mg, 
and mackerel 600 mg per I00 g f ish.  Organisms such as Enterobacter 
aerogenes, Klebsiel la pneumoniae, and Proteus morganii were reported 
by CORLETT et al .  ('1978) to form more than 1500 mg free histamine in 
homogenates of tuna spiked with 2500mg h is t id ine per 100 g f ish.  
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Tradi t ional ly ,  f ish suspected of causing scombroid poisoning 
have been chemically analyzed for histamine. Organoleptic analy- 
ses for evidence of decomposition are not adequate since the pres- 
ence of histamine does not always correlate well with organoleptic 
results. Therefore, this study was conducted to detect and con- 
firm the presence of histamine producing bacteria in f ish that are 
responsible for the formation of histamine from hist id ine. Recov- 
ery rates of histamine producing bacteria (HPB) from f ish were also 
determined. 

MATERIALS AND METHODS 

Samples and cultures: Fresh f i l l e t  of white snapper, red snap- 
per ( g i l l s ,  f ins ,  skin, and small amount of intest ines),  Chinese 
mackerel and mullet (g i l l s  and intest ines),  as well as chunks of 
tuna and frozen mahi mahi were used in this investigation. All 
f ish samples except mahi mahi were obtained from local markets. 
The mahi mahi was a Japanese import sample collected by a FDA in- 
spector. All of the f ish samples were assayed for the total i n t r i n -  
sic HPB present, whereas only the tuna and mahi mahi were used for 
recovery analyses following spiking with the desired number of test 
organisms. Both E. aerogenes and K. Pneumoniae, positive HPB, were 
ut i l i zed as test organisms. These cultures were activated, pr ior 
to use, by repeated inoculation ~n t ryp t ic  soy broth and incubation 
at 35 + 2oc for 24 + 2 h. The bacteria were inoculated on the sur- 
face of  t ryp t ic  soy-agar (TSA) plates which were then incubated at 
35 + 2oc for 24 + 2 h. Cells were harvested from the plates using 
s ter i le  saline, c--entrifuged (I0,000 x ~),  washed twice with saline, 
and resuspended in same to the desired concentration. The la t te r  
was ascertained by serial d i lu t ion and pour plate technique u t i -  
l iz ing TSA medium. 

Dif ferent ial  and confirmation media: The d i f ferent ia l  agar me- 
dium (DAM), a modification of that reported by NIVEN et al .  (1981), 
contained the following (g/L of d i s t i l l ed  water): L-hist id ine 2HCI 
(ICN), 27; t ryptone(Di fco) ,  5; yeast extract (Difco), 5; sodium 
chloride, 5; calcium carbonate, I ;  agar, 30; and 10 ml brom cresol 
purple solution (0.6 g per I00 ml of 95% ethanol). The pH of the 
medium was adjusted to 5.25 pr ior  to s te r i l i za t ion  (I0 min at 
121oc). The confirmation medium is an adaptation of the decar- 
boxylase test agar (DTA) developed by MACCANI (1979, 1980) and had 
the following formulation (g/L of d i s t i l l ed  water): L-hist id ine 
2HCl (ICN), 27; ammonium chloride, 0 , I ;  yeast extract (Difco), 1; 
D-glucose, 0.5; sodium chloride, 2; dextran T 500 (Pharmacia), 10; 
agar, 30; and 3.3 ml brom cresol purple solution (10.6 g per 100 ml 
of 95% ethanol). The pH was adjusted to 5.0 + 0. I ,  and the medium 
was s ter i l i zed (15 min at 121~ tempered, and approximately 40 ml 
were poured into petr i  plates (15 x 100 mm). 

Isolat ion of in t r ins ic  HPB: This was conducted by homogenizing 
a 50 g f ish sample in 450 ml s ter i le  phosphate buffer (AOAC 1980a) 
for 2 min using a Waring blender. Serial di lut ions were made and 
1 ml of each desired d i lu t ion was placed in a s ter i le  petri dish 
to which DAM was added and swirled gently to mix~ The medium was 
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allowed to so l i d i f y  then overlayered with 12-15 ml DAM. The plates 
were incubated aerobical ly at 35 + 2oc for  24 + 2 h and examined for  
colonies of HPB. The la t te r  are ~haracterized-by a purple zone sur- 
rounding the colonies, against the yellow background color of the 
DAM. The change in color from yellow to purple is due to the sh i f t  
in pH caused by the alkal ine histamine formed affect ing the brom 
cresol purple indicator .  Colonies of HPB were confirmed for the 
presence of the h is t id ine decarboxylase enzyme by shallow stab in- 
oculation of DTA plates followed by aerobic incubation at 35 + 2oc 
for  24 + 2 h. Hist id ine decarboxylase ac t i v i t y  was detected by the 
development of a purple zone surrounding the bacterial growth as 
previously indicated. Each isolate was characterized morphologi- 
ca l ly  and ident i f ied biochemically using API 20E str ips (Analytab 
Products) for Enterobacteriaceae and other Gram negative bacteria. 

The presence of histamine formed by the action of HPB in DAM 
plates was confirmed using the AOAC procedure (1980b). A known 
amount of the DAM agar was blended with 50 ml methanol. The ho- 
mogenate was heated for  15 min in a 60oc water bath, cooled to 
25oc, di luted to the or iginal volume with methanol, and f i l t e red .  
The f i l t r a t e  containing the histamine was allowed to pass through 
an ion exchange column (Bio-Rad AG I-X8, 50-100 mesh). The h is ta-  
mine, adsorbed onto the column, was eluted with water and the elu- 
ate collected in a f lask containing 5 ml IN HCI. An al iquot of 
th is eluate was permitted to react with o-phthalicdicarboxaldehyde 
(OPT) solut ion to form a f luorescent derivat ive of histamine. The 
f luorescent in tens i ty  was determined photof luorometr ical ly using a 
Perkin-Elmer fluorescence spectrophotometer model MPF-2A at exci ta- 
t ion and emission wavelengths of 350 and 444 nm, respectively. The 
concentration of histamine in the sample eluate was ascertained by 
comparison to a histamine standard curve based on various concen- 
t rat ions of free histamine. 

Recovery rates of HPB from f ish:  Fish samples (tuna and mahi 
mahi) that were found to contain no detectable i n t r i ns i c  HPB were 
used in th is  phase of the invest igat ion. Homogenates (99 ml) of 
the f ish were spiked with I ml saline cell-suspensions containing 
high or low levels of the desired test  organisms (E. aerOgenes or 
K. p_~eumoniae). The f ish homogenates were then assayed for the 
to ta l  population of the test  organism recoverable using DAM. The 
posit ive histamine producing bacterial colonies from DAM were con- 
firmed on DTA. 

RESULTS AND DISCUSSION 

Data for the total int r ins ic histamine producing bacterial 
population of white and red snapper, Chinese mackerel, mullet, 
tuna, and mahi mahi are presented in Table 1. Both red snapper 
and mullet exhibited significant numbers of HPB, whereas Chinese 
mackerel, white snapper, tuna, and mahi mahi did not. The red 
snapper had 200 and mullet 20 HPB per g fish. Failure to isolate 
intr insic HPB from Chinese mackerel, white snapper, tuna, and mahi 
mahi may be due to the presence of low numbers of these organisms 
that could not be detected by this procedure or the absence of HPB 
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in the f ish samples tested., I t  is also possible that the iso lat ion 
of HPB from red snapper and mullet is due to the nature of the sam- 
ples themselves ( g i l l s ,  skin, f ins,  and intest ines) that have been 
implicated to contain HPB (TAYLOR 1980). Four isolates (representa- 
t ive of 40 HPB) from the red snapper homogenate were ident i f ied as 
Proteus morganii, and 2 isolates (representative of 20 HPB) from 
the mullet were ident i f ied  as Klebsiel la oxytoca. 

TABLE 1. Detection and iden t i f i ca t ion  of histamine producing bac- 
te r ia  (HPB)"n f ish.  The f ish were assayed for i n t r i n -  
sic HPB and the isolates ~dentif ied using the API system. 

Fish Sample No. HPB/g Fish Isolates 

White Snapper 0 

Red Snapper 

Chinese Mackerel 

200 Proteus morganii 

Mullet 20 Klebsiel la oxytoca 

Tuna 0 

Mahi Mahi 0 

DAM plates containing known HPB (E. aerogenes and K. pneumoniae) 
and an uninoculated control plate were assayed photof luorometr ical ly 
for  free histamine. The resul ts  indicated that DAM plates contain- 
ing HPB had high levels of free histamine whereas the control had no 
detectable free histamine. The rate of conversion of h is t id ine to 
histamine in DAM plates containing the HPB was more than 45%. 

Recovery rates of HPB from f ish homogenates that were spiked 
with the test  organisms are shown in Table 2. The percent re- 
covery ranged from 86 to 95. Failure to achieve maximum recovery 
(100%) may be due to adherence of the organisms to the f ish t issue. 
This adherence may also explain the fa i lu re  to recover i n t r i n s i c  
HPB from Chinese mackerel, white snapper, tuna, and mahi mahi sam- 
ples. 
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TABLE 2. Recovery of histamine producing bacteria from f ish spiked 
with test  organisms. 

Fish Test Organism No. Cells Added/ml Recovery (%)a 

Tuna E. aerogenes 6450 92 

" " 630 94 

K. pneumoniae 1005 95 

. . . .  112 91 

~ahi Mahi E. aerogenes 5055 88 

" " 380 90 

K. pneumoniae 1350 92 

" " 169 86 

aMean recovery based on 5 repl icates at each cell concentration. 

In conclusion, th is  study established that DAM d i f ferent ia tes  
between histamine producing and non-producing bacteria in f i sh ,  and 
that DTA can be used for  confirming histamine production by the iso- 
lates. Confirmation of HPB in suspect f ish samples and chemical 
ver i f i ca t ion  of the presence of high levels of histamine in f ish 
provide convincing evidence of scombroid food poisoning. 
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