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Table 2 .... Average Water Content and Specific and Lotent Heots of Various Fishery Products

Water C Specific Heat Specific Huat®
b m%oum Amn’::;v;nhg e Frocting, Selow Fraeving, Latent teops
g 8tu/ltb) (F deg) 81/ UbIF deg) B/t
Whole Fish
H.'.d_dcf.!:, Cod 78 P 0.82 0.43
Halibut 75 28 0.80 0.43 i&%
70 28 0.76 0.41 100
g {kippered) 70 28 0.76 0.4 100
Hernng (smoked) 64 28 0.71 . 0.39 [:7]
Salmon 64 28 0.71 0.39 92
Menhaden 62 28 0.70 0.33 89
Fish Fillets or Stooks
Haddock, Coc;l;
Ocesn pere 28 0.84 0.44
Hake, wffnng 28 0.86 0.45 }}S
Pol 79 28 0.83 0.44 13
Mackerel 28 0.66 0.37 2
Shell Fish
Beallop meat 80 28 0.8 0.44
Shrimp o ?g g gg 0.45 llig
Americss ke . 0.44 113
{meat and liquor) 87 28 0.90 0.46 125
u!?:suh by Biebel's (ormula; for values above frecsing § = 0.008s +0.20; for valuss below freesing § = 0.003a + 0.20 where o = water content in peroct,
uu‘gm- (ur lxuns heu {latens heat of fusion) in Bta per Ib, cak by the of water content by the Intent beat of fusion of water,
from the pmduc{ and does not take into consideration the ‘The refri, i y for p sduct heat re-

time required for freezing.
The freezing time of a particular product vanes wﬂ.h pmd-
uct temperature, size and shape, method. o k

moval raust be increased by 25 to 50 percent in order to com-
pensate for heat leakage and other losses. The additional

frigeration capacity, method of heat transfer between pmduct
and cooling medium (s.., blast, plate, shelf or immersion
freezer) and temperature of the cooling mediurm. These factors
are 80 closely. interrelated that.it would be difficult to caleu-
late exactly how much any one factor will affect.the freesing
time. The freesing time can best be determined by experimen-
tation, recording the change in teraperature of the particular
siged product in question as it is being frozen in a plate, blast,
shelf coil or immersion freerer (freezing times for various
fishery products aré*given in Table 1 and Figs. 1, 2, and 3).
Once the freesing time of a particular product has been deter-

y would vary with the particular refrigers-
t.mn system.

STORAGE OF FROZBJ FASH

" Fishery prod: may und desirable changes in
flavor, odor, appearance, and texture during frozen storage.
These changes are sttributable to dehydration (moisture lost

mined the refrigeration capacity in Btuh can be calculated by
dividing the heat withdrawn from the product (Btu) by the
time required for freezing (hr). Tons of refrigeration can then
be calculated by dividing the heat in Btu per hr, removed from
the) pmduct by 12 (IX) Btu.
the p: in E: 7 8 1-in. thick,
1 lb package of ‘haddock fish fillets nnﬂ it is found that the
time required to lower the product temperature from 50 to 0 F
is 1 hr if plate-frozen and 2 hr if blast-frozen the refrigeration
capacity (g) required to remove the heat from I ton of
product would be determined in the following manner.
For plate-frozen fish filleta .

291,800
q=Q/h = ——— = 291,600 Btuh

Tous of refrigeration = 21; - 243

For blast-frozen fish fillets

291,600
2

g=Q/h= = 145,800 Btuh

145,800
12,000

‘Tona of refrigeration = =122
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Fig. 3.... Freezing Puckuged Fish Fillets ond Sticks in
‘Plate Freezer

“Frozen Fishery Products

m the. fish), oxidation of the oils or pigmenta and ensyme
u:tmi)’ in the flesh. The rate at which these changes occur
Jepends 08 (1) the composition of the particular species of

. (2) the level and constancy of B‘iorage room tempemtum
ad | humidity; and (3) the p
through the use of suitabie packagmg materials and gl.umg
qampounds:
hect of Composxhon on Quality

The composition of-a particular species of fish sffects m
frosen SLOTRZE life conmdenbly Fish having a high oil con-
jent, such as some species of salmon, tuna, mackerel and
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Effect of Humidity on Quality

A high relative humidity in the cold storage room will tend
to reduce the evaporation of from the product. The
relative humidity of the air in the refrigerated room is directly

fected by the t t difference between the room
cooling coils and the room temperature. An increase in this
temperature dlﬂeren’usl results in decmd relative humidity
and 1 d rate of moi hd I from the frozen
product. Likewise, small t differences b
Au and the evnpomtor eoolmg coils results in 8 high relative
and isture loss from the product. The
fo[lowmg example illustrates how the design of the re-

perring, hn,ve& companhvely short fronen gtorage life b
of the de P of idity due to the oxidation of the
oila and pigments in the flesh. As often happens, there are
certain fish, as aahleﬁsh, t.lmt, dmpme high oil content, are
quite resistant to tion in frozen storage.

Ralat: g,

Ychle 3.... ibility of Rep:
Specles of Fish to Oxidative Changes in
Frozen Storoge

governs the relative humidity. Assume
the cooling coil temperature is calculated to be — 10 F and the
room operating tempersture O F. Then, during operation,
moisture in the O F air (dry bulb temp) will be deposited on
the cooling coils in the form of frost until a state of equilibrium
is reached, and the dew point temperature of the 0 F air is the
game as the coil temperature. Air at 0 F with a dew point tem-
pemtum of —10 F exert.s a vapor pressure of 0.0108 psi.
H , alr ted at 0 F has a dew point

ture of 0 F and exerts a vapor pressure of 0.0188.

Severe Moderate Minor

Yery Slight
Pink Flounders and Haddock Yellow
salmon sole pike
Lake~ Herring Cod Yellow
chub Mackerel perch
Chum salmon ibut Crab
Sheepshead Yake herring | Lobster
Smelt Sablefish
QOcean perch Coho salmon
Lake trout King salmon-
Tuna Red aalmon

The development of rancidity may be of less importance in
thoee fish having a low oil content. Therefore lean fish such as
Taddock and cod, if handled properly, can be kept in frozen
storage for many months without serious loss of quality. The
relative suseeptibility of various species of fish to oxidative
changes during frozen storage is shown in Table 3.

Effect of Temperature on Quality

Frozen 6ish must be kept at O F or lower in order to insare
adequate shelf life. Storage above 0 F, even for a compara-
tmly short period of time, will result in mpld loss of quxhty‘

tol studies th the
U S. Bureau of Commercial Fisheries show that fmr.e.n gea~
foods bave memory; that is, each time they are subjected to
high temperatures, or poor handling practices, the loss in
quality is recorded. When the product is finslly thawed, the
total effect of each and all exp o high t or
otber mistreatments is reflected in the q\mhty of the pmduct
ab the level. Conti and
at temperatyres lower than 0 F reduces oxidation, dehydm—
tion and engyme ch in longer product shelf life.
It is important therefore that frozen seafoods be kept at tem-
peratures as close to 0 F as possible from the time frozen
witil reaching the consurner.

Information of the shelf life of frozen fishery products
stored at different temperatures is given in Table 4.

For many years it was thought too costly to operate re-
Irigerated warehouses lower than 0 F. However, in recent
yers improvements in the design and operation of refrigera-
tion equipment have made operation of refrigerated ware-

at —10 F and —20 F economically possible. Many new
“"\’-hﬂumsarenowbemgopemﬁed at —10 F or lower.

Therefore, the percent relative humidity for an empty room
can be calculated by dividing the vapor pressure of the air

. at its dew point temperature (0.0108) by the vapor pressure of

completely saturated air at its dry bulb tempersture (0.0188).
The relative humidity obtained would be 57.5 percent.
The relative humidity in coramercial freezers is 10-20 per-
cent higher than that of an empty freezer because of constant
of moisture from the p In a {reerer oper-
ating at 0 F, with a 70 percent rh and pipe coil temp of —10F,
the moisture vapor pressure of the air within the package and
in direct contact with the frozen fish would be 0.0188. The air
in the freezer would, however, have a vapor pressure of 0.0132
and the moisture vapor pressure at the coils would be 0.0108.
These differences in moisture vapor pressure will result in
considersble moisture loss from the product unless it is ade-
quately p ted by suitabl X materials or glazing

Table 4 .. . Review of Effect of Storage Temperature on
Shelf Life of Some Frozen Fishery Products

Tom- Shedf Tem- | Shelf
Prodoct pera- Life, Product pero- Ute,
hae, F Months ture, F Months
Packaged 10 4to5 | Glaged 10 3
Haddock 0 11 to 12{ Whole o 6
Halibut
. Fillets —20 " | Longer =10 9
than 12 -20 12
Packaged . 10 5 . | Whole 10 4
Cod Filleta 0 6 BlueFin [0 to —5 8
~10 [10to 11] Tuna —20 12
Pac 10 13 to 2|*Glazed 0 6
Polﬁed [} 10 Whole -17 9
Herring
Fiilets -20 Longer
than 12
Pwkagd 15 |13 to 2| Packaged | 15 2
Ocean Perch 10 |33 to 4| Mackerel o 3
i . 0 6to8 | Fillets -10 3t b
] 10 [9to10
Pacl 15 4 Glazed 14 3
Stri] 0 9 Blocks of ] 6
Baea Fillets : Whale —4 12
. Meat
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