Nomograph for Estimating Histamine Formation
in Skipjack Tuna at Elevated Temperatures

HILMER A. FRANK, DERRICK H. YOSHINAGA, and I-PAl WU

Introduction

Fresh tuna contains almost no his-
tamine (Geiger, 1944; Frank et al.,
1981; Yoshinaga and Frank, 1982),
but substantial histamine is formed in
the muscle tissue during spoilage of
skipjack tuna and other scombroid
fish (Tomiyasu and Zenitani, 1957,
Kimata, 1961; Ferencik, 1970; Omura
et al., 1978), sometimes in excess of
0.5 percent of the fresh tissue weight
(Hillig, 1956; Ienistea, 1973; Arnold
and Brown, 1978; Lerke et al., 1978;
Frank et al.,, 1981; Yoshinaga and
Frank, 1982). Histamine is produced
via microbial decarboxylation of free
histidine which is abundant in the
loins of scombroid fish (Shewan,
1955; Lukton and Olcott, 1958; Shi-
frine et al., 1959; Ferencik, 1970). A
large number of organisms have been
reported to be responsible for hista-
mine formation in several kinds of
scombroid fish (Shifrine et al., 1959;
Mossel, 1968; Ienistea, 1973; Omura
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et al., 1978; Arnold and Brown, 1978;
Taylor et al., 1978; Arnold et al.,
1980; Niven et al., 1981). Recently we
found histamine-forming isolates of
Clostridium perfringens, Enterobac-
ter aerogenes, Klebsiella pneumoniae,
Proteus mirabilis, and Vibrio algino-
Iyticus in skipjack tuna that had de-
composed under experimental condi-
tions in seawater (Yoshinaga and
Frank, 1982).

Because it is present in spoiled
scombroid fish, histamine has been
considered as a suitable index of
microbial decomposition in tuna (Gei-
ger, 1944; Hillig, 1954, 1956;
Williams, 1954; Ferencik et al., 1961;
Arnold and Brown, 1978; Lieber and
Taylor, 1978). The purpose of this in-
vestigation was to construct a scale to
estimate the histamine level in skip-
jack tuna, providing an indication of
the extent of spoilage after exposure
to warm conditions.

Previously we reported that the op-
timum temperature for histamine for-
mation in skipjack tuna was 100°F
(Frank et al., 1981). In the present
study, fresh skipjack tuna were placed
in seawater for various periods at five
temperatures. After incubation, the
histamine contents of the decomposed
fish were estimated, and a nomo-
graphic scale was made from the his-
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H=28" 10—32. T4,86. F13'85,

where H = histamine (mg/100 g tuna), T =
time (hours), and ¥ = temperature ( °F). Since
histamine is generally considered to be an in-
dex of microbial decomposition in tuna, the
nomograph can be used to estimate spoilage in
scombroid fish that have been held too long in
warm environments.

tamine levels observed at the time-
temperature combinations employed.
It is recommended that such a scale be
used as a guide on fishing vessels to
estimate histamine formation in skip-
jack tuna prior to freezing.

Materials and Methods

Skipjack tuna, weighing about 4-5
pounds, were held alive for 12-18
hours in circulating seawater until
shortly before experimental incuba-
tion, as described previously (Frank et
al., 1981; Yoshinaga and Frank,
1982). Individual fish were placed in
separate polyethylene bags containing
4-5 | of filtered fresh seawater and in-
cubated in a water bath for the
desired times at 70°, 77.5°, 85°, 90°,
or 100°F. Two fish were employed
for each time-temperature combina-
tion in most experiments.

After incubation, the tuna were
eviscerated and decapitated, and the
two sides were separated and steam-
heated for 15 minutes at 220°F in a
home-style pressure cooker. Each side
was debrided, comminuted twice with
a household meat grinder and ana-
lyzed for histamine by the fluoro-
metric AOAC (1975) method em-
ployed previously (Frank et al., 1981;
Yoshinaga and Frank, 1982). Data
reported below for each time-temper-
ature combination represent the mean
values of eight estimations, being
taken from duplicate analyses by two
technicians for both sides of the fish.
Histamine content (mg histamine per
100 g of the entire loin tissue) is
equivalent to the composite histamine
value described earlier (Frank et al.,
1981).
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Results and Discussion

Derivation of Equation
Describing Histamine Formation

Table 1 shows the effect of incu- lines can be drawn to show the rela- power function equation,

Table 1.—Histamine formation in skipjack tuna at elevated temperatures’.

Temperature and — s Temperature and

Histamine (mg/100 g tuna) Histamine (mg/100 g tuna)

Histamine (mg/100 g tuna)

Temperature and

time (hours) Trial 1 Trial 2 Mean time (hours) Trial 1 Trial 2 Mean time (hours) Trial 1 Trial 2 Mean
70°F 18 1.40 6.25 3.83 90°F
0 — —! 0.112 24 45.4 66.7 56.1 0 — — 0.112
6 0.31 0.59 0.45 30 86.9 28.2 57.6 7.5 0.34 0.52 0.43
12 0.26 0.30 0.28 15 5.98 247 153
18 0.41 0.32 0.36 85°F 225 189 102 146
24 0.44 1.32 0.88 0 — — 0442 30 449 330 390
30 4.59 2.16 3.38 3 0.07 0.22 0.15 37.5 275 =2 275
36 69 6.09 375 6 0.11 0.23 017
42 48.4 114 81.2 9 0.35 0.34 0.35 100°F
12 0.53 3.31 1.92 0 - — 0.112
77.5°F 15 1.53 2.38 1.96 6 0.50 0.49 0.50
0 - — 0.112 18 324 - 32.4 12 2,57 27.7 15.1
6 0.32 0.26 0.29 21 49.9 -3 499 18 80.9 53.6 67.3
12 0.41 0.41 0.41 24 137 -3 137 24 219 467 343

'Fresh, whole fish were placed in separate plastic bags containing seawater, incubated for the desired time at the temperature shown, and analyzed for histamine.
2Six fish.
3No data.
“Fiom Frank et al., 1981 (Table 4).
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Figure 1.—Straight-line curves for log-log plot of histamine formation in skipjack tuna at elevated temperatures.

April-May-June 1983, 45(4-6)

41



H=a T F 1)
where
H = histamine (mg/100 g tuna),
T = time (hours),
F = temperature (°F), and
a, x, y = constants.

To determine the constants in Equa-
tion (1), we selected two points in
Figure 1 and observed that

when

and Equation (1) becomes

14-10%=@a-1"- 100" = a- 100".

(1a)
Also, when
F=70and T =1,
H=14-10°

and Equation (1) becomes
10°¢=a-1%-70" = a- 70" (1b)

Dividing Equation (la) by Equation
(1b) yields

<@)'_ 1.4-10 140
70 10-¢
(1.4286)' = 140
y log 1.4286 = log 140
_ log 140
log 1.4286
= 2146 _ 4385
0.155

and Equation (l1a) now becomes

14 - 107 = g~ 100 = g-10%7

and
g 1:40-107* _ 1.40- 10°¢
1077 107 = 1%
_140-10"%- 107
5.01

a=1028+10"" = 2.8 -107%

Figure 1 also shows that
when

H=1and F=100,T = 7.1

and Equation (1) becomes

2

1 =28-10"27.1-100%%,  (l¢)

Also, when
H=10and F =100, T =114

and Equation (1) becomes
10 = 2.8 - 102 11.4"- 1007%, (1d)

Dividing Equation (I¢) by Equation
(1d) yields

1 ( 7.1)*
10 11.4

0.1 = (0.6228)"

and
_log0.1 _ -1 _ 4386
log 0.6228  —0.20565
Finally, then,
H=28-10"%2- 7*%. Fiss ()

Employing Equation (2) and proce-
dures described by Johnson (1966),
we constructed a nomograph for his-
tamine formation over the range of
70°-100°F (Fig. 2).

The histamine content for a given
set of conditions can be found on the
middle scale of the nomograph (Fig.
2) after drawing a straight line be-
tween the particular time and temper-
ature conditions prevailing. For ex-
ample, a level of 10 mg histamine per
100 g would be present after 29 hours
at 70°F, 14 hours at 90°F, or 11
hours at 100°F.

Use of Nomograph

Because it provides a means for
estimating histamine content, the
nomograph can be used to evaluate
the effect of exposing skipjack tuna to
warm temperatures during handling.
Table 2, which was assembled from
the nomograph, lists the times at 70°,
90°, and 100°F required for forma-
tion of three levels of histamine.
Figure 2 and Table 2 show that a sub-
stantial delay preceded the formation
of detectable amounts of histamine,
especially at low temperatures. For
example, up to 18 hours at 70 °F were
required for production of only 1 mg
of histamine per 100 g tuna. How-

ever, the rate of histamine formation
accelerated as incubation continued,
and the time needed to produce higher
levels of histamine decreased accord-
ingly.

Extensive studies in our laboratory
have shown that a reduction in several
quality attributes (appearance, tex-
ture, odor, flavor) is associated with
decomposition in skipjack tuna
(Frank and Yoshinaga, 1980"). Fish
containing more than 10 mg of hista-
mine per 100 g invariably were found
to be unacceptable by an experienced
panel of sensory evaluation judges.

It has been suggested that 10 mg
histamine per 100 g is the maximum
allowable in canned tuna, and that
tuna containing more than this
amount should be considered decom-
posed (Geiger, 1944; Arnold and
Brown, 1978). Assuming that 10 mg
histamine per 100 g tuna is an ac-
ceptable limit, the time interval during
which histamine increases from 1 to
10 mg becomes crucial in controlling
decomposition. Table 2 shows that
histamine formation could be reduced
by keeping exposure times under 20
hours at 70°F, 10 hours at 90°F, 8
hours at 100- F, or below comparable
times at other temperatures in the
70°-100 °F range (Fig. 2).

Recently the U.S. Food and Drug
Administration declared that 20
mg/100 g and 50 mg/100 g tuna
should be considered as defect and
hazard levels for histamine in tuna
products (Federal Register, Septem-
ber 14, 1982).

Table 2.—Histamine formation in skipjack tuna’.

Histamine
(mg/100 g) 70°F 90°F 100°F
Time (hours)
1 18 9 7
10 29 14 1

100 46 23 17

'Taken from nomographic scale (Fig. 2).

'Frank, H. A., and D. H. Yoshinaga. 1980.
Unpubl. data. Univ. Hawaii, Honolulu.
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Figure 2.—Nomograph for H = 2.8 - 1032 74.86- F13.85 where H = histamine (mg/100 g tuna), T =

Other Considerations

The nomograph was prepared from
data collected with fresh, relatively
small skipjack tuna incubated under
controlled (laboratory) conditions at
constant incubation temperatures.
Applicability of the nomograph to
larger fish, to varying environmental
temperatures, and to other scombroid
species must await further testing,
preferably aboard a commercial fish-
ing vessel. It is unlikely that the
nomograph will be generally suitable
for estimating histamine levels in all
types of scombroid fish particularly
because of differences in histidine
content among various species (Shew-
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time (hours), and F = temperature ( °F).

an, 1955; Lukton and Olcott, 1958;
Kimata, 1961; Ienistea, 1973). On one
occasion, however, the nomograph
was used successfully to find an ap-
propriate time-temperature combina-
tion to produce a desired level of
about 30 mg histamine per 100 g in a
7-pound, commercially fresh mahi
mahi (dolphin fish), Coryphaena hip-
purus (footnote 1).

Histamine is not distributed uni-
formly throughout a decomposed fish
(Hillig, 1956; Ienistea, 1973; Lerke et
al., 1978). Instead, histamine is pres-
ent as a gradient that is higher in the
anterior loin tissue and diminishes
gradually toward the tail (Frank et al.,

1981; Yoshinaga and Frank, 1982).
Consequently, samples taken from
different locations in a fish do not
have the same level of histamine.
Since it is based on composite meas-
urements from the entire loin, the
nomograph does not provide infor-
mation about the histamine content at
specific locations.

We have found that the relation-
ship between composite histamine
content (Figure 2 and Table 2) and the
histamine level in the anterior loin sec-
tion depended upon the extent of
spoilage. Based on analyses of seven
slightly decomposed fish (where the
anterior section had <3 mg histamine
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per 100 g tuna), the histamine content
of the anterior section was 1.14 times
that of the composite histamine. With
21 fish in advanced stages of decom-
position (histamine in the anterior sec-
tion was between 10 and 650 mg per
100 g of tuna), the histamine content
of the anterior section was 1.93 times
that of the composite histamine.
Thus, for mildly spoiled tuna, the
composite histamine content is gener-
ally representative of any location in
the fish loins. However, in tuna that
have undergone substantial decompo-
sition, the nomographic estimate will
be about one-half the histamine con-
tent in the anterior section of the fish.

Temperature Integrators

Miniaturized electronic devices
have been developed recently to meas-
ure continuously the thermal history
of perishable foods, including fish
(Olley and Ratkowsky, 1973a, b;
Olley, 1978; Olley et al., 1978). These
devices can integrate the time-temper-
ature exposures into a single value for
the spoilage that has accumulated
during storage. Thus, the residual
shelf life of a perishable food at a
given temperature can be determined
at any time during storage.

Temperature function integrators
could be used to estimate deteriora-
tion in tuna held aboard fishing
vessels for long periods, especially at
cooler temperatures. However, de-
composition data at several storage
temperatures (such as are presented in
this paper) would be needed before
the circuitry of the devices could be
adjusted correctly. These integrators
also would be useful for determining
the accuracy of the nomographic his-
tamine estimations developed in this
publication.

Acknowledgments

This investigation was supported by

44

Contract No. 03-6-208-34369 from
the National Marine Fisheries Service,
NOAA, U.S. Department of Com-
merce. We thank Carlene M. Char
and Pam Goto for their technical
assistance throughout this study. This
paper is based on a talk presented
during the 33rd Annual Meeting of
the Pacific Fisheries Technologists,
21-24 March 1982, in Sacramento,
Calif.

Literature Cited

AOAC. 1975. Official methods of analysis,
12th ed., p. 316-317. Assoc. Off. Analyti-
cal Chem., Wash., D.C.

Arnold, S. H., and W. D. Brown. 1978. Hista-
mine toxicity (?) from fish products. Adv.
Food Res. 24:113-154.

, R. J. Price, and W. D. Brown.
1980. Histamine formation by bacteria iso-
lated from skipjack tuna, Katsuwonus
pelamis. Bull. Jpn. Soc. Sci. Fish. 46:991-
995.

Ferencik, M. 1970. Formation of histamine
during bacterial decarboxylation of histi-
dine in the flesh of some marine fishes. J.
Hyg., Epidemiol., Microbiol., Immunol.
14:52-60

, V. Krcmery, and J. Kriska. 1961.
Fish poisoning caused by histamine. J.
Hyg., Epidemiol., Microbiol., Immunol.,
5:341-348.

Frank, H. A., D. H. Yoshinaga, and W.-K.
Nip. 1981. Histamine formation and hon-
eycombing during decomposition of skip-
jack tuna, Katsuwonus pelamis, at elevated
temperatures. Mar. Fish. Rev. 43(10):9-14.

Geiger, E. 1944, Histamine content of unpro-
cessed and canned fish. A tentative method
for quantitative determination of spoilage.
Food Res. 9:293-297.

Hillig, F. 1954. Individual volatile acids,
succinic acid, and histamine as indices of
decomposition in Atlantic “‘little tuna’’
(Euthynnus alleteratus). J. Assoc. Off.
Agric. Chem. 37:927-931.

. 1956. Volatile acids, succinic acid,
and histamine as indices of decomposition
in tuna. J. Assoc. Off. Agric. Chem. 39:
773-800.

Ienistea, C. 1973. Significance and detection
of histamine in food. /n B. C. Hobbs and
J. H. B. Christian (editors), The microbio-
logical safety of food, p. 327-343. Acad.
Press, Lond.

Johnson, L. H. 1966. Nomography and em-
pirical equations. John Wiley & Sons, Inc.,
N.Y

Kimata, M. 1961. The histamine problem. In
G. Borgstrom (editor), Fish as food. Vol.
1. Production, biochemistry, and micro-
biology, ». 329-352. Acad. Press, N.Y.

Lerke, P. A., S. B. Werner, S. L. Taylor, and

L. S. Guthertz. 1978. Scombroid poison-
ing. Report of an outbreak. West. J. Med.
129:381-386.

Lieber, E. R., and S. L. Taylor. 1978. Thin-
layer chromatographic screening methods
for histamine in tuna fish. J. Chromatogr.
153:143-152.

Lukton, A., and H. S. Olcott. 1958. Content
of free imidazole compounds in the muscle
tissue of aquatic animals. Food Res. 23:
611-618.

Mossel, D. A. A. 1968. Bacterial toxins of un-
certain oral pathogenicity. /n H. D.
Graham (editor), The safety of foods, p.
168-182. Avi Publ. Co., Inc., Westport,
Conn.

Niven, C. F., Jr., M. B. Jeffrey, and D. A.
Corlett, Jr., 1981. Differential plating
medium for quantitative detection of hista-
mine-producing bacteria. Appl. Environ.
Microbiol. 41:321-322.

Olley, J. 1978. Current status of the theory of
the application of temperature indicators,
temperature integrators, and temperature
function integrators to the food spoilage
chain. Int. J. Refrig. 1(2):81-86.

, and D. A. Ratkowsky. 1973a.
Temperature function integration and its
importance in the storage and distribution
of flesh foods above the freezing point.
Food Technol. Aust. 25(2):66-73.

, and ; . 1973b. The role of
temperature function integration in moni-
toring of fish spoilage. Food Technol.
N.Z. 8 (2): 13, 15, 17.

___ ,H.B.Daud, and T. A. McMeek-
in. 1978. Temperature and seafood spoil-
age, p. 136-145. Proc. Indo-Pacific Fish.
Comm. Symp. Fish Util., Technol. Mark.
Manila, Philipp.

Omura, Y., R. J. Price and H. S. Olcott.
1978. Histamine-forming bacteria isolated
from spoiled skipjack tuna and jack mack-
erel. J. Food Sci. 43:1779-1781.

Shewan, J. M. 1955. The nitrogenous extrac-
tives from fresh fish muscle. III. Compari-
son of several flat fishes and members of
the herring-mackerel group. J. Sci. Food
Agric. 6:99-104.

Shifrine, M., L. E. Ousterhout, C. R. Grau,
and R. H. Vaughn. 1959. Toxicity to
chicks of histamine formed during micro-
bial spoilage of tuna. Appl. Microbiol. 7:
45-50.

Taylor, S. L., L. S. Guthertz, M. Leather-
wood, F. Tillman, and E. R. Lieber. 1978.
Histamine production by food-borne bac-
terial species. J. Food Safety 1:173-187.

Tomiyasu, Y., and B. Zenitani. 1957. Spoilage
of fish and its preservation by chemical
agents. Adv. Food Res. 7:41-82.

Williams, D. W. 1954. Report on chemical in-
dices of decomposition in fish (histamine).
J. Assoc. Off. Agric. Chem. 37:567-572.

Yoshinaga, D. H., and H. A. Frank. 1982.
Histamine-producing bacteria in decom-
posing skipjack tuna (Katsuwonus
pelamis). Appl. Environ. Microbiol. 44:
447-452.

April-May-June 1983, 45(4-6)





