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ABSTRACT

The time and temperature controls for processing
canned tuna to control histamine formation were first
published in the 1998 edition of the Fish & Fishery
Products Hazards & Controls Guide from the U.S.

Food and Drug Administration (FDA). The controls have
been refined since then with validation studies and FDA
warning letters. To control histamine formation, the
latest precooking validation study allows a 12-h thawing
and butchering time limit, a critical limit of a minimum
precooking temperature of 60°C at the backbone of the
fish, and a 12-h critical limit from the end of precooking
until the inhibitory temperatures is reached in the cold
spot in the can in the retort. The largest tuna cannot be
thawed within the initial 12-h limit prior to precooking. We
propose a tempering phase in ambient air of -3 to -4°C
to increase the enthalpy of the still frozen tuna so the
thawing time in water can be shortened and the critical
limits can be met. The potential for growth of bacteria
that form histamine and the formation of histamine at
temperatures near 0°C was evaluated based on published

data. At the proposed ambient tempering temperatures
of -3 to -4°C, there is minimal risk of the growth of
histamine-forming bacteria and the formation of histamine.

INTRODUCTION

Canned tuna processing is a global business that is
regulated from catch (35) to can (69), and it provides a
safe, sustainable high-protein food product for the world.
Most tuna for canning is harvested and then frozen rapidly
at sea (10). The raw frozen whole fish are delivered to
canning factories either directly from the harvesting vessels
or indirectly via container ships or bulk carriers following
transshipment (17, 61). This frozen fish requires thawing
before further processing; however, the larger tuna can take
much longer to thaw than the smaller fish, and how much
longer depends on the ambient temperature (water or air).
The process of preparing whole tuna for canning has been
described by Bell et al. (7) and DeBeer et al. (15). Process
flow diagrams are also available (18, 74).

All seafood processed for the U.S. market must comply
with the U.S. Food and Drug Administration (FDA) hazard
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analysis critical control point (HACCP) food safety system
established in 1997 (27). The fourth edition of the Fish and
Fishery Products Hazards and Controls Guidance (HACCP
Guidance) (69) was published in 2011. This document “is
intended to assist processors ... in the development of ...
HACCP plans.”(69) Occasional updates have been issued
since then, and the latest version of the fourth edition was
published in April 2020 (73). The FDA has issued clarifying
points for critical control points (CCPs) and critical limits
(CLs) by using warning letters for such details as monitoring
times and temperatures or times to reach inhibitory pro-
cessing temperatures (66-68, 71, 72). These warning letters
are sent to individual processors and are publicly available
on-line. Thus, they have been used to refine the CLs for the
impacted CCPs.

In the past 25 years (1994 through 2020), tuna processing
from the steps of thawing through retorting or refreezing
of cleaned loin meat has gone through four time and
temperature adjustments, and we are proposing an additional
scenario with adjusted CLs.

Scenario 1. The first edition of the HACCP Guidance in
1994 (63) had no restrictions for times and temperatures for
tuna processing prior to the 12-D (12 decimal reduction)
retort process. Thus, there were no time or temperature
limits to thawing, butchering, precooking, cooling, cleaning,
canning, or sealing except for an advisory time limit from the
time the can is sealed until retorting (11, 13).

Scenario 2. The second and third editions of the HACCP
Guidance (64, 65) recommend a 12-h time limit for thawing,
butchering, and precooker staging, with no guidance for time
limits after the precooker. The purpose of this first time limit
was to suppress the growth of histamine-forming bacteria
and thus prevent histamine formation.

Scenario 3. The 2011 HACCP Guidance (fourth edition)
and subsequent warning letters recommended 12 h from the
start of thawing until inhibitory temperatures (high or low)
were reached at the center of the retorted can or the cleaned
and bagged loins while freezing (66-69, 72). This 12-h time
frame was not enough time to process the tuna from thawing
through 60°C in the center of the can in the retort or 4°C
in the center of the loin bag in the freezing chamber. This
recommendation really applies to processing of only small
fish with shorter process times. Larger fish require more time
to process during the various stages of thawing, precooking,
and cooling, so at times tuna with frozen backbones (or
cores) were being precooked.

Scenario 4. Adams et al. (2) provided evidence that a 12-h
thaw and butcher time limit, a precooking CCP with a final
core temperature CL of 60°C, and an additional 12-h CL for
the cleaning and processing time is safe (73). Larger fish can
be processed under this scenario; however, the 12-h time
limit for thawing and butchering still is not effective for the
largest fish. Thus, we are proposing a fifth scenario.

Scenario S. This scenario adds a tempering step for the
largest fish before the thawing step so these fish can be
properly thawed. To increase the enthalpy in these fish, the
temperature would be raised just before thawing from —20 to
—3°C by putting them in a temperature-controlled room. After
the core of the fish reaches —3°C but is still frozen, the fish
would be moved to the water thawing area, and the thawing
and butchering portion of scenario 4 would be completed.

The purpose of this article is to provide the background
and develop a rationale for tempering large tuna in air to an
equilibrium backbone temperature of —4 to —3°C before
completely thawing them in water to the desired core
temperature needed for precooking. This air tempering
process may extend over more than one full day. Some
factories temper frozen tuna by surrounding them with ice,
but that procedure is not addressed here.

Histamine

Histamine poisoning from fish is caused by the ingestion of
high levels of histamine from temperature-abused fish (33).
Histamine formation from bacterial action in tuna meat is a
food safety concern during the handling and processing of
nonfrozen raw tuna (69). Hungerford (33) and Lehane and
Olley (48) have provided reviews of histamine poisoning.

In 1982, the FDA established a defect action level of
20 mg% (200 ppm) for histamine in tuna as indicative of
decomposition and an action level of S0 mg% (500 ppm)
to signify a hazard to public health (25). In 1995, the FDA
lowered the defect action level to S mg% (SO ppm) but kept
the action level the same (26) and included more species of
fish in the compliance document.

Histamine-forming bacteria produce an enzyme, histidine
decarboxylase, that converts free histidine into histamine.
The conversion of histidine to histamine helps to regulate the
pH of their environment (28, 52). Histidine decarboxylase
is the only known enzyme having a pathway to produce
histamine from free histidine (58). When the histamine-
forming bacteria detect the presence of free histidine
molecules, histidine decarboxylase is formed by the bacteria
and conversion of the histidine to histamine begins. The
reaction rates of different bacterial histidine decarboxylase
enzymes are temperature and pH dependent (37). These
enzymes produce a proton transfer reaction: a histidine
molecule is transferred into the bacterial cell and converted
to histamine. Then the histamine molecule is passed out of
the bacterial cell, and a proton is consumed to provide energy
to the bacteria (41) during this electromotive reaction.
Landete et al. (46) provided an explanation and schematic of
the proton motive force generated by this enzymatic reaction.

Bacteria can be divided into three groups on the basis of
their optimal growth temperature ranges: thermophiles,
which grow best at high temperatures, mesophiles, which
grow best at moderate temperatures, and psychrophiles, that
grow best at cooler temperatures (34.). However, Ingraham
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(34) found overlap in the optimal growth temperatures
among these bacterial groups. Many species of bacteria
found on tuna during the catching and freezing processes

are associated with the fish, and many are associated with
humans. Almost all humanborne pathogens are mesophilic
bacteria (50), but the psychrophiles are of the most concern
at the proposed tuna tempering temperatures of —4 to —3°C.
Histamine-forming bacteria represent <0.2% of the bacterial
population on freshly caught tuna (42, 43, 49). The histamine
formed by these bacteria become a hazard when tuna die and
are not rapidly chilled or frozen (33). Taylor and Speckhard
(62) suggested that “histamine-producing bacteria are not
common components of the natural microflora of tuna”

and that “the possibility remains that histamine-producing
bacteria may not be part of the normal microflora of
scombroid fish but may instead represent post-catching
contaminants.”

Histidine Decarboxylase Activity and Histamine
Formation by Psychrotolerant and Mesophilic Bacteria
When Adams et al. (2) conducted a large-scale tuna
decomposition study, they had a difficult time getting
histamine formation started when they used previously
frozen fish, so their experimental preparation had to be
repeated with fresh (never frozen) fish (75). The freezing
process seems to have reduced the bacterial population
significantly. Over the years, certain bacterial species
have been reported to form histamine, but some were
misidentified or have been replaced by newly reported
bacterial species (38). Some bacteria have been reported to
be able to form histamine under certain conditions, but this
production was not replicated in other studies under the
same conditions. The key factor to consider from this variety
of processes is whether temperature and the process of
histamine formation have a material effect on the tempering
of frozen tuna. This study was conducted to evaluate the
possible risk of bacterial histamine formation at —4 to —3°C.
The many species of bacteria that can form histamine in
tuna are both mesophilic and psychrotolerant, but only a
small number of species are active and can produce histamine
at temperatures <2°C. Examples in the literature are species
of Photobacterium that are significant histamine formers
and inhabit seawater, sea sediments, saline lake waters, and
many marine organisms (8, 45). Bjornsdottir-Butler et al. (8)
tested 23 species of Photobacterium for histamine forming
ability in LSW-70 broth cultures. Five Photobacterium species
produced significant histamine (>200 ppm) at 20°C after
48 h of incubation: P. angustum, P. aquimaris, P. kishitanii,
P. damselae, and P. phosphoreum. Bjornsdottir-Butler et al.
(9) also tested P. angustum, P. aquimaris, P. kishitanii, and
P. phosphoreum in an inoculum of 10° CFU/mL at 4°C. P.
kishitanii and P. phosphoreum slowly formed >50 ppm of
histamine in 3 days. For P, kishitanii inoculum at 10> CFU/
mL, 6 to 7 days was needed to form >S50 ppm of histamine.
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Morganella morganii, a mesophilic bacterium, is the most
troublesome bacterial species at higher temperatures because
it is the most heat resistant and histaminogenic of the
histamine-forming bacteria (24,). Morganella psychrotolerans,
identified in 2007, is psychrotolerant (19) and can form
histamine at temperatures <2.5°C (21); however, its
histamine formation time is measured in days rather than
hours. The Seafood Spoilage and Safety Predictor estimates
no histamine formation at 0°C for either M. morganii or M.
psychrotolerans (29).

Psychrotolerant Histamine-Forming Bacteria. Altero-
monas putrefaciens is primarily a low-temperature spoilage or-
ganism (56) for which Frank et al. (30) reported <1 mg/100
mL histamine at 0°C after 14 days. M. psychrotolerans has
been studied extensively by Emborg (19) and Emborg et al.
(21, 22), who reported growth at 0 to 2°C and production of
histamine but no histamine formation for 10 days. Dalgaard
et al. (14) found no histamine formation by M. psychrotoler-
ans after 10 days of incubation at 2°C. P. phosphoreum can be
isolated from fresh fish but is inactivated after being submit-
ted to temperatures below freezing (14, 23), so this species is
not a factor in the tempering process for frozen tuna.

Mesophilic Bacteria. Behling and Taylor (6) tested
Citrobacter freundii at 0 and —3°C in tuna infusion broth, and
no histamine was formed at those temperatures. Enterobacter
aerogenes, M. morganii, and Proteus vulgaris were isolated
from Indian anchovy (Stolephorus indicus) by Rodtong et al.
(57). These bacterial species in homogenized fish formed
20 ppm of histamine after 15 days on ice. However, when
Rodtong et al. isolated these three species and tested them
individually on histamine evaluation broth, histamine was
not detected at 0°C, although the cell counts were 10® CFU/
mL. Behling and Taylor (6) found that Klebsiella pneumoniae
produced histamine at 715 nmoles/mL (~143 ppm) after
158 h (6.5 days) at 0°C with a starting inoculum of 10’ CFU/
mL. Baranowski et al. (4) found no growth of K. pnuemoniae
at 2°C but found very minor amounts of histamine that they
suggested was formed by existing histidine decarboxylase.

Some low-temperature data come from studies of
histamine formation by unknown bacteria in whole or
minced fish. Frank and Yoshinaga (31) estimated increasing
levels of histamine formation at 0°C for bacteria in skipjack
(Katsuwonus pelamis) in days. Emborg et al. (20) also
estimated histamine formation by M. psychrotolerans in
sterile tuna meat and broth at 0°C in days. Yamanaka and
Matsumoto (76) reported trace amounts of histamine from
bacteria in saury pike (Cololabis saira) after 4 days at 0°C and
20 ppm after 7 days. At —1°C, no histamine formation was
found after 6 days and only 12 ppm was found after 9 days.
Kim et al. (40) tested for bacterial histamine formation at
0°C in whole and dressed albacore (Thunnus alalunga) and
found no histamine formation after 18 days. Middlebrooks



etal. (51) tested for bacterial histamine formation at 0°C

in mackerel sections (Scomberomorus maculatus) and found
6 ppm after 10 days. Kerr et al. (39) tested for bacterial
histamine formation at 0°C in yellowfin tuna (Thunnus
albacares) and found 1 ppm after 4 days and 25 ppm after

8 days. To date, these are the lowest temperatures at which
histamine formation has been found, regardless of species of
fish or bacteria.

The list of histamine-forming bacteria that have been
reported to form histamine at <2°C and the relevant periods
of time is given in Table 1. All other reported histamine-
forming bacteria found need higher temperatures for
histamine formation. Tuble 1 includes some high histamine
parts per million for various conditions. Behling and Taylor
(6) reported ~143 ppm of histamine had formed after
6.5 days in tuna infusion broth at 0°C after starting with
a Klebsiella inoculum of 107 CFU/mL, which was several
orders of magnitude higher than the level expected on wild
fish. Emborg and Dalgaard (21) started with an inoculum of
M. psychrotolerans at 10° CFU/mL and obtained 100 ppm of
histamine in broth after 9 days at 1.7°C.

Although raw fish rapidly chilled and held on ice or in
refrigerated sea water at —1°C may allow some production
of histamine at very low concentrations over long periods of
time (40), this short-term control of histamine formation at
low temperatures is why boats using ice or refrigerated sea
water have been successful. At these temperatures, decom-
position by odor-causing bacteria is the primary cause for
rejection of spoiled fish, not histamine concentrations. The
HACCP Guidance of 2011 (69) recommends organoleptic
evaluation of 118 fish per lot of tuna (max 25 mt) at receiving
for all deliveries. This evaluation identifies decomposition in
the fish from odor-causing bacteria. Every tuna packed under
U.S. federal inspection must be organoleptically evaluated by
trained factory workers, and federal inspectors must audit the
process continuously (59).

In summary, the decarboxylation of histidine to form
histamine is a very slow process at < 0°C. The use of ambient
tempering room temperatures of —3 or —4°C (i.e., below the
temperature of the phase change from ice to water; latent
heat of fusion) will control the risk of histamine formation.
At the end of the tempering phase, the fish core should be -3
to —4°C, and this process will decrease the ensuing thawing
times in water to prepare the tuna for butchering, organolep-
tic inspection, and precooking.

Tuna Processing

A critical first phase in tuna processing is thawing the
frozen fish because tuna usually is delivered and stored
frozen. Previously frozen tuna and never frozen tuna require
very different processing to control histamine formation
(69); therefore, here we will assume that the tuna arrives at
the factory frozen or is frozen on arrival and that the factory
uses a precooking CCP as described in scenario 4.

Tuna are usually stored at —18 to —20°C; thus, thawing
starts with very cold fish. Extra time is required to thaw large
fish because may be needed to thaw them properly depending
on size, water temperature, and water circulation speed (JDB,
personal communication). Results from thawing studies (3,
36) indicate that an increase in the water or air temperature
has more impact on thawing rates than does increasing the
speed of water or air circulation. If the initial temperatures
of large fish were increased prior to water thawing, they
could be thawed in less time. These considerations support
increasing the body temperature of the large tuna through
tempering before thawing.

During thawing, as the core temperature increases, the
consistency of the fish flesh changes from frozen very hard
to something less hard. When a fish starts with a very cold
initial temperature, more time is required for thawing than
when the fish starts with a higher core temperature (JDB,
personal communication).

In this document we define the following terms for
increasing the temperature of frozen tuna: (i) thawing
happens in water or air at >4.4°C; (ii) tempering happens in
air at ambient temperatures of less than —3°C.

Tempering for frozen fish that will be precooked does not
involve holding at >4.4°C ambient air temperature for some
amount of time before turning on the thaw water because
at >4.4°C the initial 12-h CL for processing tuna starts. The
process we propose does not affect that initial 12-h limit.

Tempering times for large tuna may be > 48 h. The
important aspect of using tempering as a CCP and CL
is maintaining the air temperature of the environment
throughout the tempering phase at below —3°C to control
histamine formation as the increase in fish core temperature
is occurring. In recent warning letters (66, 72), the FDA
suggested using a continuously recording thermometer
for monitoring thawing temperatures (air or water)
at temperatures <4.4°C (40°F) when thawing at that
temperature is a CL and/or CCP.

One of our coauthors (F.N.) used Time to Temper software
(Global Cold Chain Alliance, Arlington, VA) to estimate
tempering time for fish of different sizes. The parameters used
were an initial temperature of —18°C, an end point of —3°C,
and a moving air temperature of —3°C. The estimated number
of tempering hours by fish size are listed in Table 2. Each
factory will have to verify tempering times and temperatures
with their own equipment and operating conditions.

When the tuna precooking target CL of 60°C at the core
is not met and the batch must be recooked, the entire initial
time of the precooking cycle must be added to the 12-h thaw
and butcher time limit. If the 12-h CL is exceeded, then
necessary corrective actions are required (70).

In practice, U.S. tuna boats were tempering the fish in the
1950s, 1960s, and 1970s before unloading directly to the
canneries. At that time, the fish were packed very tightly in
the wells, and the fish had to be tempered so they could be
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TABLE 1. Studies on low-temperature histamine-forming bacteria (HFB)

. - Temp . As .
Bacteria Fish (-C) Item tested Medium reported ppm Period Comments | Reference(s)
Mahi-mahi . <1
Alteromo'nas (Coryphaena 0 Isolates Trypticase soy mg/100 | <10 14 days Table IV, 30
putrefaciens hippurus) broth ° L p-337
0
H 7
Cztroba;t%er Tuna broth 0,-3 Isolates, 10 TFIB nmoles/ 0 158h,65 6
freundii cells/mL mL days
Enterobacter
aerogenes, Anchovy Histamine 0
Morganella ( Stolephorus 0 Isolates evaluation mg/100 0 18h 57
morganii, Proteus indicus) broth mL
vulgaris
Homogenized | Homogenized 19
Ice fich fich mg/100 19 15 days
mL
Klebsiella Skipjack 0.14 No erowth
pneumoniae (Katsuwonus 2 Isolates TSB pmoles/ | 28 6 days ath° C 4
UH-2 pelamis) mL
K. pneumoniae Tuna broth 0 Isolates, 107 TEIB nn? 115 /1143 158h,6.5 1313 6
T2 na bro CFU/mL oLes days P
mL
3 Isolates, 107 TEIB nmc())les / 0 158 h, 6.5
CFU/mL days
mL
Morganella FSSP model 2 Model Oppm | 0 10 days 14
psychrotolerans pp Y
Canned tuna, S
tuna broth, garfish 1.7 Isolates, 10 Broth 100 ppm | 100 222h,9 21
CFU/mL days
(Belone belone)
Phot('Jbacteri‘um Maclferel (Scomber Ice Isolates Moller s basal 16 days Decre.ased $3
leiognathi japonicus) medium onice
Seemed to
Histidine 39 be the result
P. phosphoreum Mackerel Ice SWYP broth mg/100 39 24 days . 54
decarboxylase of a single
& analysis
I\/_Iackefel Ice Isolates Muscle meat 1B ug/ 13 16 days 53
(S. japonicus) gm
. 146
Ice Isolates Moller§ basal mg/100 | 1,460 16 days Table 7
medium
mL/
P phosphoreum ) Maximum
Pacific saury Mackerel o .
or N—gr(.)up (Cololabis saira) 2.5 Isolates infusion broth 144 mg% | 1,440 | 12 days on Pacific 32,55
bacteria saury
Albacore Whole and
HFB (Thunnus alalunga) Ice Whole fish 0 ppm 0 18 days dresed fish 40
Mackerel
HFB (many) (Scomberomorus 0 Fish sections 0.6 mg% 6 10 days S1
maculatus)
Yellowfin tuna
HFB (Thunnus 0 Minced flesh 1 mg/kg 1 4 days Table 3 39
albacares)
0 Minced flesh 2512(; g/ 25 8 days Table 3
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TABLE 1. Studies on low-temperature histamine-forming bacteria (HFB) (cont.)

Bacteria Fish '1;21)}’ Item tested Medium repﬁ:te 4| ppm Period Comments | Reference(s)
. . 1.65
HFB Saury P ike, 0 Saury pike mg/100 | 16.5 6 days In Japanese 76
(C. saira) muscle
mL
. . 1.22
HFB Saury pike, -1 Saury pike mg/100 | 122 | 9days
(C. saira) muscle
mL
(I?klgl]:rcnkis ) 20 <0.1% HFB 43
HFB P
Tonggol tuna <0.13%
HEB (Thunnus tonggol) 20 HFB +2
HEB Sardi'nes (Sardina 35 24h 1% HEB I
pilchardus)
HFB Scombroid fish 37 <0.1% HFB 49

TABLE 2. Estimated tempering time with a fan by tuna species and size

Temp (°C)
Tuna species Wt (kg) Length (cm) | Thickness (cm) Time (h)
Starting Ambient
Albacore 10 77 17.9 -18 -3 16.7
Albacore 12 83 17.5 -18 -3 16.3
Albacore 17 93 18.6 -18 -3 17.8
Albacore 19 97 20.7 -18 -3 20.6
Albacore 20 100 21.4 -18 -3 21.6
Albacore 26 109 22.7 -18 -3 23.5
Yellowfin 26 120 26.2 -18 -3 29.3
Yellowfin S5 140 32.6 -18 -3 40.3
Yellowfin 64 146 34.8 -18 -3 44.5

loose enough (not frozen together) to unload, as described
by DeBeer et al. (17) and Lassen and Rawlings (47). The
target temperature of the larger yellowfin tuna for unloading
was =5 to —2°C (22 to 28°F).

The tuna processing guidelines or regulations in some
countries specify a maximum allowable backbone (core)
temperature at the start of precooking (60). Both the
Thailand’s Dept of Fisheries (DOF) and the Canadian Food
Inspection Agency (CFIA) stipulate that the core temperature
of tuna must be <5°C at the start of precooking (60).

Enthalpy and thawing tuna

Enthalpy (measured in kilojoules) is the amount of
heat content used or released to change the temperature
of a mass from one temperature to another at a constant

pressure and volume (12). In this case, heat is required to
change the mass phase from frozen to thawed. Enthalpy
is measured from one temperature to another and will

be calculated for the temperature range of —20 to 4°C
needed for thawing tuna. Table 3 shows the amount of
enthalpy required for this temperature and phase change.
For ease of calculation, the fish is considered thawed

at 0°C. During actual tuna thawing, the phase change
occurs over a wide temperature range (Fig. 1), but the
enthalpy calculations are essentially the same. Depending
on actual temperatures at the start and end of thawing,
>80% of the energy needed to thaw the fish and increase
the temperature by 24°C (from —20 to 4°C) is used for
the latent heat of fusion during the phase change over the
temperature range.
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TABLE 3. Enthalpy to thaw tuna from -20 to 4°C

Temp (°C) Delta (°C) S(ll)gjllfgc /l:é;t Enthalpy (kJ/kg) A)ecnl:?:;lg;;n Reference
Oto4 4 3.3075 13.23 S 15, Appendix A
0 0 234.9 234.9 83 15, Appendix D
-20to 0 20 1.7165 34.33 12 15, Appendix A
Total 24 282.46 100
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FIGURE 1. A thawing curve for 30- to 32-kg albacore.

The second law of thermodynamics states that heat the tempering phase time depending on the air speed and
transfers from hot to cold (44), but there are time restrictions  temperature difference.
for this heat transfer from the ambient environment into a A two-stage tempering and thawing system is sug-
frozen fish and thus raising the temperature, especially at the gested to reduce the total thawing time of large tuna in
core. These time restrictions are a function of the thermal the critical temperature zone of >4.4°C. The first stage
conductivity, the temperature difference, the medium (air involves use of ambient air temperatures below —3°C,
or water) giving up the heat energy to the colder item, and and the second stage involves use of air or water with
the heat transfer coefficient (16). All of these factors affect temperatures >4.4°C.
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The backbone or core thawing profile for tuna from —20 to
—1°C is generally a smooth curve with a long horizontal lag
at about —5 to —2°C where the phase change occurs (Fig. 1).
Every curve of a core temperature of a tuna being thawed will
have a similar shape, but the slopes and inflection points will
differ. The rate of temperature increase is faster from —20 to
—5°C but then slows down or pauses as the phase change oc-
curs. Figure 1 also shows that thawing a 30- to 32-kg albacore
may take >20 h depending on the initial temperature and the
temperature of the thaw water.

Baranowski et al. (5) found that the populations of
histamine-forming bacteria and their ability to form
histamine are reduced when the tuna is frozen for some
time. Vogl et al. (75) had difficulty starting a histamine
decomposition experiment with frozen fish and had to use
fresh, never frozen fish. The processing limits and CLs in the
2011 HACCP Guidance (69) are different for fresh fish and
previously frozen fish because of the impact of freezing on
the tuna and bacteria.

Tempering and maintaining frozen tuna at or below —3°C
will improve control of the thawing process and of histamine
formation. The reported temperatures required for histamine
formation are too high for histamine to be formed during
tempering of tuna. Holding the fish at or below —3°C can also
serve as a short-term buffering time for scheduling the fish
into the process.

Suggestions for tempering are as follows.

(ii) Use a tempering room at a constant temperature of —3
to —4°C, with good air flow (Table 3). For better air contact
with the fish, wire cage totes can be used (see cover photo).

(iii) Limit the tempering time to 72 h, which should be
enough time for the largest fish to warm from —20 to —3°C
and allows the operations team to start the fish on a Friday
and temper it over a weekend with time to spare. When this
operating limit is exceeded, the odor of every fish on the
butcher line should be assessed.

(iv) Always use a temperature measuring system that keeps
a continuous record of the ambient temperature per the
warning letters from the FDA (66, 72).

When the tempering room is attached to the cold storage
area, it should be insulated. The ambient temperature must
be continuously maintained below —3°C and continuously
recorded. The time for determining the CL for thawing will
not start until the tuna leaves both the tempering room and
the cold storage and insulated transportation trucks. The time
for determining the CL for thawing will not start until the
fish are moved into a space with ambient temperatures >4°C.
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(i) Because tempering requires extra work, use this
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