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HOW TO COOK FROZEN FISH WITHOUT PRETHAWING 
Part II - The Effect of Oven Temperature on Cooking Time 

for Frozen Halibut Steaks 

By Lois C. Elgin, * Kathryn L. Osterhaug, ** and Thelma S. Rose* 

BACKGROUND 

The popularity of prepackaged foods has increased tremendously . The conven
ience of the meal- size frozen-food package has been an important aid in selling foods 
that require no prethawing, such as frozen vegetables. The sale of frozen fish fil
lets and steaks, however, has been retarded somewhat by a lack of specific r eliable 
instructions for cooking fish without prethawing. 

Because little experimental work has been conducted on this proble m, a study 
has been undertaken at the Service's Seattle Technological Laboratory. The first 
objective of the project was to determine a criterion for "doneness" in fish (whe n 
cooked) that would be reproducible . Previously, fish had been c onsidered done if 
it flaked easily when tested with a fork. This 
criterion was too indefinite for controlled ex
periments. 

The work of Helen Charley (1952), which was 
used as a reference throughout the project, was 
based on the assumption that the logical criterion 
for "doneness" in protein foods was the internal 
temperature. Accordingly, a series of controlled 
palatability taste tests evaluating frozen halibut 
ste'tlks baked ~o inter8al temperatures of 130

0 
to 

1350F.,lt5 to 150 F., 155 0 to 1600 F., and 
170 to 175 F. indicated that the 1550 to 160

0 
F. 

range was preferred for flavor, texture, and juici
ness (Osterhaug and MacFarlane 1955). 
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FIG. 1 - SHOWS HOW EACH HALIBUT WAS 
CUT: 
1. li-INCH SINGLE STEAKS (300 GMS.) 
2. 1 -INCH SINGLE STEAKS 300 GMS. 
3. ~-INCH DOUBLE STEAKS 600 GMS. 
4. z -INCH SINGLE STEAKS 300 GMS. 
5. l -IN CH DOUBLE STEAKS 600 GMS. 
6. l-INCH SINGLE STEAKS 300 GMS. 
7. li-INCH SINGLE STEAKS (300 GMS.) 

With a standard internal temperature for baking frozen halibut steaks havlng 
bee,n established, the next objective was to find the time required for frozen( 27 0 F.) 
hall~>Ut steaks of different thicknesses to reach an internal temperature of 1550 to 
160 F. at various oven temperatures. The results are reported in this paper. 

EXPERIMENT AL PROCEDURE 

Frozen halibut steaks ~ 1 and 1 ~ inches in thickness, were used for thlS t ,~" .. 
s udy. A steak weighing 300 grams,lJ regardle~s, of thickness, was always u,sed ,as 
a matter of convenience. Although a 300-gram z-lnch steak was large and th1n, 1t 
was Possible to cut it from a large fish. A 300-gram I- i nch steak was readily avail
able from any medium size halibut and the 300-gram Ii-inch steak was thick and 
~!!!lky but still had a steak shape. 
**HO~E ECONOMIST { FISHERY TECHNOLOGICAL LA BORATORY, BRANCH OF COMMERCIAL FISHERIES, 
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FIG. 2 - RANGES, AVERAGES, STANDARD ERRORS, AND 95-PERCENT 
CONFIDENCE LEVELS FOR HALIBUT STEAKS i-INCH 1-INCH AND 
1i-INCH THICK. ' , 

The initial internal tem~ 
ature of 270 F. was selected 
the preoven temperature for 
frozen halibut steaks becaus 
represented the temperatur 
the average ice-cube compa 
ment in a household refri~ra 
Ove8 temP8ratur8s of 300 '03 
375 , 400 , 450 , and 500 
were used. Because the op 
mum temperature for cooki 
fish could be expected t8 fal 
wit~in the ra8ge of 350 to 
400 F., 375 F. was also i 
eluded in the series. 

Commercially-frozenh 
but was purchased from a 
wholesaler because with a 
bandsaw he could accuratel 
and quickly cut frozen halib 
into steaks i. 1, or 1i inch 
thick. The ii-inch steaks 
were cut from the collar se ~ 
tion of the fish because it W' 

relatively easy to get a sing 
300-gram weight from this 
chunky portion. As the cutt 
progressed toward the cent 
of the halibut, single l-incll 
steaks were cut; next, doub! 
I-inch (600 grams) steaks; a 
finally i-inch steaks (fig. 11 

Each steak was wrappel 
in heavy-weight aluminumf 
and stored at 00 F. until us 

A recording potentiome 
with glass-covered copper
constantin thermocouples w 
used to record the internal 
temperature of the steaks a 
they were being cooked. To 
standardize the temperature 
the ovens of the household
type electric range, speci 
thermostats were installed 
limit the fluctuation in oven 
temperature to plus- or- mi 
100 F. In the preparation 0 

the steaks for baking, they 
were trimmed to exactly 30 
grams. The frozen sample 
then were brined for 1 mlUU 

in a solution of i cup salt t 
quart of tap water to seaso 
the steaks and start the tha 
ing process. A~ter the ex~ 
moisture was Wiped off, a 
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pick was used t o make an open~ng f<?r the insertion of the thermocouple in the l-
and It-inch steaks . An e.lectnc dnll was used to form this opening in the t-inch 
steaks while they were shll frozen because there was danger of the ice pick piercing 
the opposite surfac e of the thin steaks. 

The partially - thawed steaks were placed on a tinned-steel baking sheet. The 
thermocouple the n was inserted. When the internal temperature reached 270 F •• 
the steak was plac.ed in the preheated o~en. and the timing device ~as starJed. As 
soon as the potenhometer recorded an lllternal temperature of 155 to 160 F. in 
the steak. t he timing apparatus was stopped. The steak was taken out of the oven, 
and the temperature allowed to drop several degrees before the thermocouple was 
rem oved to check the maximum temperature reached. After the steak cooled an ad
ditional t hour , it was removed from the baking sheet. and its weight recorded. 
The loss in weight was calculated. Any unusual circumstances or irregularities 
were noted on the data sheet. 

DISCUSSION 

The s tatistical measures used were those that were recommended by the Sta
tistics Sec tion, U. S. Fish and Wildlife Service, Seattle, Wash. The average, the 
standard error, and the 95-percent confidence interval were computed. The aver
age was c alculated by dividing the sum of the samples by the number of samples. 
The standard error, which 
is a measure ofvariabil
ity of the s ame average, 
was found by dividing the 
standard deviation by the 
square root of the number 
of cases . The 95-percent 
confidence mterval was 
computed by taking the 
mean, plus or minus toe.?!. 
times the square root of 
the variance over the 
number of samples. 

The charts in figure 1 
show (1) the range of 
cooking time in minutes 
for t-, 1- , and It-inch 
steaks at the various 
oven temperatures, (2) 
the standard error of 
the me an, and (3) the 
95-percent confidence 
level fo r the mean. Be
cause the r e are 95 

Table 1 

Thickness 
of Steaks 

t-inch 

I -inch 

It-inch 

- Confidence Intervals of 95 Percent for 
1 l- and 1 i-Inch Steaks ~-

No. of Oven Ti.me Range Samples Tem~erature Intervals 

300 0 F. 
• . • (Minute~) • • • 

13 24.5t030.56.0 
13 350

0 
F. 18. 2 to 21. 6 3.4 

12 375~ F. 16.8 to 19.2 2.11 
12 4000 F. 14.1to17.5 3.4 
12 4500 F. 11.4 to 14.0 2.6 
12 500 F. 11. 2 to 12.6 1.4 
15 300~ F. 45.1 to 51.1 6.0 
14 3f>00 F. 29.9 to 34.8 4.9 
17 375 F. 26.8 to 32.2 5.4 
13 400~ F. 25.7 to 27.7 2.0 
12 450 F. 20.2 to 23.8 3.6 
13 500 0 F. 20. 6 to 24.2 3.6 
13 300~ F. 52.1 to 57.7 5.6 
14 3500 F. 40.5 to 46.3 5.8 
12 3750 F. 37.4t041.6 4.2 
14 400 0 F. 34.9t040.3 5.4 
13 450 F. 26.9 to 31. 3 4.4 
12 5000 F 26.5 to 29.5 3 ___ 0 

?hances i n 100 that the 9 5-percent confidence level will contain the tru~ mean, thi.s 
lnterval mi~ht be used as the standard cooking tim.e. Table 1 summanzes these lll
tervals for "?;-, 1-, and It-inch steaks cooked at different oven temperatures. 

RESULTS 

~t ~as observed that the longer the cooking time, the less accurate ~ere. the 
predlChons that could be made on cooking time. For example, the cookmg hme 
~or i-inch steaks at 3000 F varied from 18 to 36 minutes. With greater variabil
~ty in the cooking time at th'~ lower temperatures. a certain measure of subjective 
.llldgment must be used. Therefore, the 95-percent confidence interval will be use
Y T SUB ALPHA. 
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ful as a guide because the average time required to coo.k a i-inch steak at 3000 F. 
will be between 24.5 to 30.5 minutes 95 percent of the tune. Conversely, thecoo 
ing time at higher temperatures can be given more accurately with a minimum of 
judgment expected on the part of the homemaker. F~r exampl~, i-inch steaksco 

ed at 500 F. reqUlred 11 to 14 minute 

20 
til 

and the 95 -percent confidence interval 
was between 11.2 to 12.6 or plus or 
minus 1.40 F. A similar comparison 
was shown with bothJ- and 1i-in8h 
steaks cooked at 300 F. and 500 F. 

til 
o 

............. _ ......... . ...... . .... . - ...................... . 

LEGEND 

.~ ... i-inch steaks 

- - I-inch steaks 

-It-inch steaks 

There was an increased odor and 
visible dehydration of the steaks atte 
peratures of 400

0 
F. and above. With 

higher oven temperatures there was a 
general increase in weight loss (fig. 3 
Most of the samples lost between 10 pe 
cent and 20 percent of their weight. Pi. 
3000 F., the weight losses averaged b 
tween 10 percent and 15 percent; at 500 

300 400 450 500 the weight losses averaged between 13 

O T o F. ven emperatures 

FIG. 3 - PERCENTAGE OF WEIGHT LOSS IN HALIBUT 
STEAKS AFTER COOKING . 

percent and 19 percent. The weightloss 
for i-inch steaks was consistently low 
than that for the other thicknesses, eve 
though more surface area was exposed ' 

these thinner steaks. 
the weight loss low. 

The short cooking time involved may be the factor that kee 
Some inconsistencies, however, are as yet unexplained. 

CONCLUSION 

Tge stan?a-rd cooking tJmes (the time it takes to reach an internal temperatu r: 
of 155 to 160 F. from 27 F.) established by the data for i-, 1-, and Ii-inch f 
zen halibut steaks at various oven temperatures seem to be sufficiently reliable to 
be useful. The average, the standard error, and 95-percent confidence interva1~ 
the mean are given. Since 95 times out of 100, the 95-percent confidence interv 
contains the true mean, it is believed that this interval will be helpful as a guide ' 
cooking fish. 

The study has emphasized the need for investigation into related problems, 
s uch as controlled experiments concerning weight losses. Because of the limited 
number of samples, additional research will be necessary before any of these da 
a re utilized as instructions on packages of frozen fish. 

A further study is in progress. The object of this study, Part III, will be to 
obtain data on the cooking time required to raise frozen halibut steak~ at differEtP 
predetermined preoven temperatures to an internal temperature of 155 F. to 160 
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