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INTRODUCTION

Freezing as a means of preserving meat has been used since

about 1880, but the frozen food looker plant with its services

of freezing and storing foods is little more than a decade old.

Its acceptance has spread so rapidly that according to Turpin

(1944), who quoted Warrington, there are now in use 5,345 looker

plants serving 1,500,000 families and handling an average of 430

pounds of food per looker.

Frozen cooked foods ere among the newer products of the fro-

zen food industry, and it is predicted that their use will in-

crease rapidly after the war.

Commercial companies and individual users of frozen food

lockers are experimenting with cooked foods, but the literature

reveals no reports on the results of scientific experimentation

with these new products.

The purpose of this study was to determine the effects of

methods of packing, of freezing and of reheating upon the palata-

bility, shear, press fluid and losses in weight of selected cuts

of precooked beef and pork,

REVIEW OF LITERATimE

Although no information is available on scientific studies

of precooked frozen meats, work has been done in associated

fields which is applicable to this problem.

Tressler (1943) stated that a few companies have experiment-

ed with the freezing of cooked meets, poultry and other foods.



The use of such foods would be a great convenience in places

having little kitchen space such as efficiency apartments, air-

planes, dining oars, and drug stores. According to Tressler,

the freshly frozen cooked products were excellent, but if they

were to be stored longer than two or three months, low tempera-

ture storage was necessary to prevent rapid deterioration.

It was believed by Fitzgerald (1944a) that the production

of cooked foods might present many more problems than their

frozen raw counterparts. He stated that cooked fats have been

found to be less stable than raw fats, but the use of anti-

oxidants may extend the storage life of the cooked fats. He

added that the cooked foods are more susceptible to bacterial

spoilage than the raw foods because they are partially pre*-

digested. For this reason, they should not be allowed to

remain at room temperature except during a short defrosting

period.

Fitzgerald (1944b) also stated that recent developments

in emulsifiers and antioxidants probably will assure the chemi-

cal and physical stability of gravies which have been difficult

to handle, and as a result have retarded progress in the devel-

opment of precooked frozen meats.

According to Tanner (1944), most bacteria and parasites

survive freezing, but their numbers are greatly reduced. Mi-

crobial development is markedly retarded, but not entirely

eliminated by freezing. Experimental work showed that a tem-

perature of -5° C. was not sufficiently low to inhibit growth

of microorganisms on frozen meats but -10° C. was satisfactory.



Trlchine11a spiralis in pork was killed by freezing at -15*^ C.

for 24 to 36 hours. Tanner reconnnended that to insure freedom

from these parasites the meat he held at this temperature for

not less than 20 days.

A number of inTestlgatlons have been made of factors af-

fecting the quality of raw frozen beef and pork, including meth-

ods of packaging, rates of freezing, time and temperature of

storage and methods of thawing.

Hanklns and Hlner (1941) studied the effect of freezing

temperatures on the quality of meat. They found that meat kept

as low as 14° F- could be stored without the growth of micro-

organisms; that the basic causes of rancidity were (a) oxida-

tion, (b) enzymes and (c) microorganisms; and that beef end lamb

fats were comparatively resistant to oxidative changes. An

undesirable degree of rancidity was found in pork stored two

months at 16° F., although there was little if any Indication of

rancidity after 12 months storage at 0° F.

These workers stated that temperatures of -40° and -10° F.

had a more tendering effect upon beef than 20° F. , but beef

stored at 20° F. increased in tenderness and after 168 days

equaled that stored at -40° or -10° F. The results of this study

indicated that freezing had no appreciable effect on the nutri-

tive value of meat.

In a previous study Hanklns and Hlner (1940) showed that

there was no real difference in the tendering effect of the -40°

and -10° F. temperatures, therefore the -lO'^ i?'. woidd seem to be

more economical and practical.
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A third study by these workers (Hiner and Hankins, 1941) was

made on the Influence of aging and freezing on the tenderness of

beef. Aging periods of five, 15, 25 and 35 days were each fol-

lowed by freezing at -10° F. and 20° F. Samples aged five days

end frozen at 20° F. were less tender than the samples aged 35

days without subsequent freezing. All others were either more

tender or as tender as the latter. From their results, these

workers advised aging outs from low-grade beef carcasses not

more than 15 days at 34° F. and then freezing at -10° F.

Bray (1941) and Adams (1942) studied the influence of

freezing on beef that had been aged. Both of these workers

found that freezing and storing in the frozen state had no ef-

fect upon the tenderness of previously aged beef. Bray stated

that freezing had no significant effect upon cooking losses or

amount of press fluid.

These workers found that the amount of drip was affected

by the temperature of freezing and the length of time in freezer

storage. The temperature of freezer storage was not important

in regulating the amount of drip.

Ramabottom and Koonz (1941) found that meat frozen at -10°

F. was considerably darker than meat frozen at -30° F. The

dark appearance of slowly frozen meat is due to the presence of

large ice crystals. The lighter color of fast frozen meat is

caused by the presence of small ice crystals. The growth of

ice crystals during a one-year storage period did not signifi-

cantly affect the color, but the color was affected by long

storage due to the oxidation of hemoglobin to methemoglobin.



It was shown by Tressler (1943) that when meat was frozen

slowly the large ioe crystals formed were ohiefly located out-

filde the muaole fibers. fHien such meat was thawed the water

was not reabsorbed by the muscle fiber, and there was an appre-

ciable amount of drip. In rapid freezing the crystals formed

were smaller in size and were within the fibers. %hen thawed

such muscle did not show an appreciable amount of drip.

Empey (1933) at an earlier date had carried on a study of

the effect on drip of rates of freezing and thawing, length of

period between slaughter and freezing, period in frozen state,

age, sex, and breed of animal and composition of muscle includ-

ing pH. Of these factors only pH was found to be important,

for a definite relationship existed between the pH of the mus-

cle and the amount of drip.

It was found by Sair and Cook (1938) that maximxam drip

occurred between a pH of 5,2 and 5.5. They believed that the

high drip observed at this pH was due to the isoelectric con-

dition of the principal muscle proteins.

These workers found that the amount of drip from meat which

froze in less than three days was not affected by the rate of

freezing at a pH of 6.4 or higher, but at a pH of 5.2 to 5.5 the

amount of drip was reduced by more rapid freezing. This beha-

vior was explained on the basis of the high water-retaining

capacity of the tissue proteins at a pH of 6.4 resulting in the

complete retention of the water produced on thawing regardless of

the size of the crystals formed during freezing. At a pH of 5,2

to 5,5 the water-retaining capacity of the proteins was lower



and drip resulted. These losses were lessened by rapid freez-

ing which produced smaller ice crystals and a more uniform dis-

tribution of water when they melted.

It was shown by Moran and Hale (1932) that tine of frozen

storage at any one temperature had little effect on the amount

of drip, but that temperature of storage made a difference, the

higher storage temperature resulting in increased drip.

Cook and White (1941) found that storage temperature was

the primary factor affecting the color of the lean and develop-

ment of rancidity in the fat of pork* They showed that storage

temperatures of at least -18° C. or lower were necessary if

rancidity of pork fat was to be avoided over storage periods of

one year's duration.

Brady and others (1942) studied the effect of freezing

rate on quality of steaks. The freezing temperatures used were

0° r. and -15° F. Results showed that slow frozen meat had a

higher evaporation loss during storage than quick frozen. The

smallest cooking losses (drip and evaporation) were found in

quick frozen steaks, broiled while frozen. The largest losses

occurred in slow frozen steaks, thawed before broiling. These

workers stated it is desirable to quick freeze thin cuts of

meat and cook while still frozen to prevent a high loss in evap-

oration and drip.

The effects of freezing and thawing beef were studied by

Paul and Child (1937). Two temperatures of thawing were used,

175° C. and 24° to 25° C. They found that the different thaw-

ing temperatures did not affect press fluid, drip, total mois-

8



9

ture or tenderness. The total losses, including freezing, thaw-

ing and oooking losses, were higher for roasts thawed at 175° C.

than for those thawed at 24° to S5° C. The frozen heef had

greater total losses than the unfrozen, but the differences be-

tween the frozen and unfrozen for tenderness, drip and total

moisture were not significant.

It was found by Jeffrey (1942) that method of thawing had

little effect upon losses, sheer and press fluid of frozen pork

roasts. Three methods of thawing were used in this study, (a)

room temperature for 15 hours, (b) refrigerator temperature for

48 hours and (o) oven temperature of 350° F. Room temperature

thawing gave the highest percentage of total loss, and the

least press fluid but the most tender meat. Cooking time per

pound was less for meat thawed by this method.

Vail and others (1943) made a similar study of effect of

method of thawing upon losses, shear and press fluid of frozen

beef steaks. The most press fluid was obtained from steaks

thawed in the oven and the least from steaks thawed at room tem-

perature. The steaks thawed in the oven required about one and

one-half times as long to reach a given internal temperature as

those thawed at room temperature. Thawing at oven temperature

gave slightly less tender meat than thawing by the other two

temperatures.

Wellington (1940) carried on a study of several factors af-

fecting the quality of pork loin roasts and sausage stored in

freezer lookers. Different types of wrappers, use of oat flour

as an antioxidant and time of storage were factors included in
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this investigation. He found that white butcher paper, freezer

paper, vegetable parchment paper and brown waxed paper each al-

lowed approximately the same amount of shrinkage and degree of

freezer burn. Double wrapping the roasts decreased the loss in

weight. Sausage treated with 2,0 per cent oat flour was not

found to be aupearior to untreated sausage. Results of this

study indicated that, under these oonditions, pork roasts should

not be stored longer than 150 days and sausage not longer than

120 days. However, the storage temperature ranged from 7.0° F.

to 18° F. and on one occasion reached 28° F. This is considered

a high storage temperature and does not prove that pork cannot

be satisfactorily stored for a longer period of time at a lower

temperature.

Lowe (1943) stated that low cooking temperatures gave ten-

derer meat under some conditions, but the meat required a longer

cooking period. Factors affecting the time required to cook meat

are cooking temperature, weight, surface, distance to center of

thickest portion, stage to which meat is cooked, composition of

meat, degree of post mortem changes, method of cooking and ini-

tial temperature of meat.

Many factors also affect losses that occur during the cook-

ing of meat. These include stage of cookery, composition of meat,

surface area, degree of ripening, cooking teinperature and method

of cooking. Losses may vary from 5,0 to 50 per cent.

According to Tressler (1943) all packaging materials for

frozen foods must be moisture-vapor-proof to prevent desiccation.

With the exception of rubber latex bags, which are not now avail-



able, moisture-vapor-proof cellophane is as good a packaging ma-

terial as any on the market.

A study was made by Griswold and Blakeslee (1939) on the

effect of different wrappings, temperatures and length of storage

on keeping qualities of frozen pork chops. Six types of wrap-

pings were used—kraft wrapping paper, whale hide, Thermo M,

lard, lard and tallow and cellophane. The wrappings had little

effect on the palatability of the chops but had a decided effect

on moisture loss. Kraft wrapping paper permitted the greatest

loss while cellophane allowed less moisture to escape than any

of the other materials.

Hlner and Kauffman (1944) showed that a coating of fat pro-

tects meat against freezer burn. Coating materials used were

lard, beef tallow, ice and combinations of lard and beef tallow.

These workers found that coating of pure lard gave the smallest

weight losses, lard and beef tallow combinations ranked second

and pure beef tallow third. Ice glaze was unsatisfactory unless

renewed frequently. They concluded that meats may be frozen,

dipped in melted lard at 100° to 200° F. and stored at 0° F. for

64 weeks with very satisfactory resiilts relating to control of

weight loss. They recommended wrapping the coated meat in butch-

er paper to protect the fat coating from scratching and the per-

son handling the meat from grease.

The literature on this subject, all of which is recent,

shows that meats can be satisfactorily frozen and that low temper-

atures for both freezing and storage are highly desirable.



IS
PHOCEDurm

The meet used in this study consisted of pork loin roasts,

beef top olod roasts, pork loin chops and porterhouse steaks.

All meat was purchased from the Williams Meat Company of Kansas

City, Kansas.

From eaoh of four pork loin roasts, weighing approximately

eight pounds, two pounds were out, wrapped, frozen and reserved

for tasting as freshly cooked pork at such time as the cooked fro-

zen meat should be tasted. The remainder of the meat was weighed

on a Torsion Balance and a thermometer inserted in the thickest

muscle. It was then placed, fat side up, on a wire rack in a

weighed Russian iron pan 8.5 inches by 15.5 inches and cooked in

an electric oven preheated to a temperature of 350° F. When the

roast had reached an internal temperature of ISO*' F. , it was re-

moved from the oven, the time recorded and the meat and drippings

weighed. After cooling in the room to an internal temperature of

100° F. , the meat was covered loosely with cellophane and placed

in the refrigerator over night. The following morning the meat

was again weighed and out in two near the center.

Two adjacent cores one inch in diameter were cut from the

longissimus dorsi muscle. One core was tested immediately and

one was frozen for future testing. The roast was boned, sliced

and divided into four lots. One lot was reserved for immediate

testing and the remaining three prepared for freezing. All

scraps were weighed and divided into edible and inedible por-

tions. The edible scraps were prepared for freezing in the same



13

manner as the siloed meat. Each lot was weighed and placed in

double moisture-vapor-proof cellophane bags and heat sealed.

One-half was packed dry and one-half in drippings. About one-

fourth of the drippings was used for each lot. From roasts

numbers one and three, two lots were packed dry and one in drip-

pings. This procedure was reversed for roasts numbers two and

four, one lot being packed dry and two lota in drippings. A

label giving number, date, out, weight of meat and weight of

drippings was placed in each package between the two layers of

cellophane.

As the meat was packaged it was placed immediately in a

freezing unit at 0° F. until the tliree lots were ready to be

quick frozen. It was then placed in a sharp freeze at a tempera-

ture of approximately -10° F. and held for 24 hours or longer,

then removed to a freezer looker having a temperature of about

0° F. and held there until ready to be thawed and reheated.

A portion of the fourth lot was scored by a palatability

committee consisting of five members of the Department of Food

Economics and Nutrition, using a grading chart for cooked meat

compiled by the Committee on Preparation Factors, National Co-

operative Meat Investigations.

The tenderness of the meat was tested by shearing the core

in a Warner-Bra tzler Modified Shearing Apparatus. The shear re-

ported is an average of five determinations made on each core.

All visible fat was removed from the remaining sliced meat.

The lean portion was ground three times in a Universal Food

Chopper. This ground meat was used to determine the press fluid,
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using a Carver Latoratory Press. For this determination two 40-

gram samples of the grotmd meat were used, Eaoh sample was di-

vided into four equal parts. An absorbent pad was placed in the

bottom of the pressing cylinder and a filter paper placed on top

of the absorbent pad. One portion of ground meat was placed on

top of the filter paper, then another filter paper, then another

portion of meat until all of the meet and filter papers were

used. Another absorbent pad was placed on top and the cylinder

pltinger adjusted. The cylinder was placed in the press and pres-

sure was applied to the meat for 30 minutes in the following

taanner: At the end of the first seven lainutes the pressure had

been brought up to 5,000 pounds, at the end of 14 minutes to

10,000 pounds, at the end of El minutes to 15,000 pounds and at

the end of 85 minutes to 16,000 pounds. This pressure was main-

tained for five minutes. The press fluid was collected in a

graduated centrifuge tube attached to the cylinder. At the end

of 30 minutes the pressure was released, and the tube containing

the press fluid carefully removed. After standing an hour or

more to allow for separation of fat and serum, the total press

fluid and serum were recorded. The other 40-erara sample was

treated in the same manner. The reported press fluid is the av-

erage of the two determinations.

Twelve chops were out from eaoh of four pork loins and

braised. The following method was used for treating the four

groups: The chops were numbered consecutively from 1 to 12

with previously weighed wire ntmibers, and the 12 chops weighed

together. They were then seared, six at a time, on the broiler
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of en electric oven, at 400° F. for three minutes on each side.

The door of the oven was left ajar two and one-half inches. The

chops were then placed on a rack in a weighed enamel roaster,

the drippings added, covered and cooked in an electric oven pre-

heated to 325° r. for one hour. They were removed from the oven

and weighed. Evaporation losses were determined by subtracting

the weight of the cooked meat plus drippings from the weight of

the meet when placed in the oven for searing. The amount of

drippings was determined by subtracting the weight of the empty

roasting pan from the weight of the pan and drippings. The

chops were then divided into four lots in the following manner:

Lot I contained numbers 1, 5, 9; Lot II, numbers 2, 6, 10; Lot

III, numbers 3, 7, 11; and Lot IV, numbers 4, 8, 12.

A portion of Lot I was scored immediately by the palatabil-

ity committee using the same aoore card that was used for the

pork roasts. The remaining meat was placed in the refrigerator

over night and tested the following day for shear and press fluid

in the same manner as the pork roasts were tested.

The other three lots were packaged and frozen in the manner

previously described for the pork roasts.

Four beef roasts, two Grade B top clod and two Grade AA top

clod, were used. It was originally planned to use Grade AA

meat, but the first shipment was Grade B.

Each rolled roast was weighed on a soils balance and two

thermometers were inserted in the thickest muscle. It was then

placed, fat side up, on a rack in a weighed Russian iron pan 8.5

inches by 15.5 inches and cooked in an electric oven preheated
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to 290^ F. until an internal temperature of 160° F. was reaohed.

It was removed from the oven, the time recorded and the roast and

drippings weighed. After oooling in the room to a temperature

of 100° F., the meat was covered loosely with cellophane and

placed in the refrigerator over night. The following morning

the roast was again weighed, and two adjacent cores one inch in

diameter were removed from the infraspinatus muscle. One core

was used for immediate testing and one packaged and frozen for

later testing.

The meat was sliced on an electric slicer to a thickness of

3/16 inch and divided into seven lots. One lot was used for im-

mediate testing and the remaining six were packaged and frozen

in the same manner as the pork roaste. Three lots were packed

dry and three packed in drippings. Since the proportion of drip-

pings per pound of meat was small, all drippings were used for

the three lots so packed.

The same determinations were made on the reserved lot of

cold roast beef as on the pork, namely palatability, shear and

press fluid. The only change in technique was in the method of

applying pressure for the press fluid determination. The pres-

sure was applied to the meat for 15 minutes in the following man-

ner: At the end of the first four minutes, the pressure had

been brought up to 5,000 pounds, at » end of eight minutes to

dO,000 pounds and at the end of 12 minutes to 16,000 pounds.

This pressure was maintained for three minutes.

Sixteen choice porterhouse steaks, divided into four groups,

were broiled. Each steak was numbered with a wire number, skew-
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ered and weighed.

A thermometer was inserted in the longiasimus dorai rausole.

The steak was placed on a wire rack in a weighed Russian iron

pan 6.25 inches hy 8,0 inches end cooked in an electric oven pre-

heated to 390° F. The oven door was left ajar 2.5 inches. The

steak was turned when an internal temperature of 120° F. was

reached and cooking was continued to an internal temperature of

150° F. Upon removal from the oven the steak and drippings were

weighed. One steak from each group was reserved for inmiediate

testing and the remaining three packaged and frozen hy the meth-

od previously described. Approximately one-third of the drip-

pings was used for each steak packed in drippings.

The reserved steak was scored by the palatability committee

and tested for shear and press fluid by the same methods used

for beef roasts.

All precooked frozen meat was removed from freezer storage

at 0° F. just before reheating. Twelve samples each of pork

roasts, pork chops and beef steaks were reheated in the follow-

ing manner: Two san^jles of meat frozen in drippings and two

seniles frozen dry were reheated in the double boiler, and four

samples of meat frozen in drippings and four samples frozen dry

were reheated in the oven, pork roasts at 350° F. , pork chops at

325° F. and beef steaks at 300° F. Equal numbers of the £4 saob-

ples of beef roasts, one-half frozen dry and one-half frozen in

drippings, were reheated in a double boiler, in a 300° F. oven

and in a 400° F. oven. One-half cup of water was added to each

sample reheated in the 400° F. oven.
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Time of reheating and weight after reheating were recorded
#

for eaoh sample.

The reheated meat was scored by the palatability committee

and tested for press fluid and shear in a manner identical to

that used for the freshly cooked meat.

The percentage co'^king losses (drip and evaporation) were

obtained by dividing the losses in weight of the meat during

cooking by the weight of the meat when placed in the oven.

The percentage losses due to freezing and reheating were

determined by dividing the difference between the weight of the

meat when placed in the freezer looker and when It was reheated

ready for serving by the weight of the meat when placed in the

freezer looker.

Total percentage loss in preparation was determined by add-

ing cooking losses and losses due to freezing and reheating.

RESULTS

The data in Table 1 give palatability scores, percentage

loss in freezing and reheating, total losses in preparation,

shear in pounds and press fluid and serum in milliliters for

freshly cooked and frozen reheated pork roasts.

Total palatability scores varied from 47.3 to 44.0 points

or a range of 3.3 points. Averages show the meat frozen dry

scored 1.2 points higher than meat frozen in drippings, and the

freshly cooked meat scored 1.2 points higher than the meat fro-

zen dry. The shear ranged from 11.4 pounds to 13.8 pounds,

indicating small differences in tenderness in favor of the



19

«
J» c

to

c m>! 03 CO o iH «* to "^ 03 to to -^ CO c- 43

6 © o • • • • • • • • • • • • • • OS

vH ti o lO ^ lO lO lO in in in in t- r-i > 'J' CO C
43 pp CJ "* r-i 03 •rt

i
{X 03 43

* •*
©

& •H t- iH o W to w to o in Oi to c- to ^1^ 03 _
&. • • • • • • • • • • • • • • •

q m Cu ^ "<*' to lO vji 10 in in in "* iH t- to in ^f ^
*^

01

© Ti •«* H to 43

09 u eS O
o C h
m ^ •• Vi
09

O g ^1>. CO <o Oi CO to o CO 03 to 1-1 CO a> to
r-»

CO in 43

r-i ^ fn • • • • • • • • • • • • • • • c8

^H o ^ lO "* in Tj* in in lO in to to in to to 03 ?
'i* r-4 to S

^• n

•H u to 03
P

P o »H 00 to o -* <o 03 to o to in iH 03 in to C
H V o &. • • • • • • • • • • • • • • ©
U •d

to "H
-«*• to to lO ''I' in in »o in c- rt to in

to 43

01 CS w ^
« c » « P
<D {> •H

a 03 CO
©
ed

S > >^ Oi to 0> w to iH CO to •<i< CO m H 03 05 3:

•k •o O h • • • • • • « • • • • • • •

a> © o ft -sf lO ^ lO •* in in in lO to in to "* 02 ©
o ^ u 'i' to ti

h o •• •• 2
o at u ja

^ P o *»

w 1 D © c i-l >
a O H "H to 0> Oi -^ w o in OJ lO o in 03 C35 to
'ri c --* iH P. • • • • • • • • • • • • • •

u © •4J O P. •^ •* •^ -^ >* in in in in "^ CO ^i« to iH ©
OS N © ^ ^ ^ to H
(D o (4 P.

;3
09

7^ © o 1
•1

«k p o> in

a o }>» •* w o * CO 'si' to CO "<4< '^ to 05 > C
P (4 • • • • • • • • • • • • • • H

u Q -* lO ';}< UO ^ in in in in o to to 02 iH

o ^1< to t

o •• •• •• ••

a m •• to oa

43 *"» a bO
taO«9 • •H P
C c3 iH N c •H

«H O 6 tH 03

bOlH m ^•i^ © a
•o o u CQ

p^ h •»"« "D tH ca U
•f^t. o • •H P<

o o JO P c r-i

« a 03 09 r-i ^-^ r-4 <H P
00 c c tl •w* • ^ © ©
<« Ih (» -p ot 43 OS O rH 03 bO bO >
h O •P © OS © 43 © e; 09 ta c CB ©
4) ^ «H 4-4 rH u i-i O O N.^ 09 -H 43 c a
> H >> OS h © H 43 E
o; t4 4-4 <Vh +3 «l-( t-i © U o •0 ^1 Cd ^ <i-t

/3 o o to >> •H o o u <M ^ P. © © 43
C0 >> CO 03 43 N r-1 o u P «^ h oi

• 4J -p h (l © 03 -H +3 -H p, u o o to rH c od © © U ©
H c3 -H 05 o o c © 43 •H J=l o o 03 ^ c ^ •H 43 h P. d t^

iH o n > > h c c r-i ca E > > 43 w-l c P. OS

O cd c o d a © •H Otf c8 t« o CS a f-i o tl 09 P! TJ rH © U
H a< © U iH rH •D a p § %H t4 1-1 r-i a C0 ra P c C0 (4 ©
JD P <! fe fe C Ticy 0) <! fe fc 43 © © h ;m ci 43 P4 >
«». C © p © o ,5 (4 ^

© <^' M Fi »^ » H CO ft. P-. EH «



20

freshly cooked meat. The palatability committee did not find

this difference.

Losses in freezing and reheating varied from 3.0 per cent

to 6.6 per cent and total loss in preparation from 28,8 per cent

to 35.3 per cent. Meat frozen in drippings had a 1.6 per cent

greater loss than meat frozen dry. Meat reheated in the double

boiler had smaller losses than meat reheated in the oven. Added

to this total loss in preparation was a 27.2 per cent loss in

bone and edible scraps. The loss due to bone was 18.6 per cent

and edible scraps 8.6 per cent.

Total press fluid ranged from 8,9 ml to 5.5 ml, and serum

in press fluid from 4.8 ml to 3.0 ml. Meat frozen in drippings

had the greatest amount of press fluid but less serum than the

freshly cooked meat, indicating that the increased press fluid

was probably due to fat absorption by the meat. The palatability

committee found the freshly cooked pork roasts more Juicy than

the frozen. The meat frozen dry was scored 4.3 points on Juici-

ness, that frozen in drippings 4.6 points and freshly cooked meat

5.4 points. These scores correlated with the amount of serum in

the press fluid; 3.3 ml for meat frozen dry; 3.6 ml for meat fro-

zen in drippings; and 4.6 ml for the freshly cooked meat.

The three types of pork roast, freshly cooked, frozen dry

and frozen in drippings, were rated according to tenderness.

Juiciness and desirability of aroma, flavor of fat end flavor of

lean, factors thought moat likely to be affected by freezing and

reheating. These ratings placed them in the same order as the

total palatability scores, namely, fresh, first; frozen dry, sec-
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one; and frozen in drippings, third.

Table 2 gives similar data for pork chops. The chops varied

in total palatability score from 46.9 points to 43.3 points;

loss in freezing and reheating from 0.29 per cent to 2.01 per

cent; total loss in preparation from 30 per cent to 32 per cant;

shear from 16.0 pounds to 19.5 pounds; press fluid from 7.9 ml

to 3.7 ml; and serum in the press fluid from 3.1 ml to 0.5 ml.

A study of this table shows that pork chops varied 3.5

points in palatability score. Average sco2res show the meat fro-

zen in drippings was only 0.1 of a point higher than meat frozen

dry, but an interesting variation was the score of the freshly

cooked chops. These scored 2.4 points lower than the chops fro-

zen in drippings and 2.3 lower than those frozen dry.

Losses in meat frozen dry were 1.1 per cent greater than

in meat frozen in drippings.

Tenderness varied little, according to either objective

test or palatability score. The mechanical test showed the meat

frozen dry to be the most tender, freshly cooked meat second and

meat frozen in drippings the least tender of the three. The

palatability committee also rated the meat frozen dry as the tcn-

derest, but the other two were in reverse order.

The frozen meat showed much more press fluid and serum than

the freshly cooked neat. The latter had only 55 per cent as

much press fluid and 16.7 per cent as much serum as the chops

frozen in drippings. The palatability committee rated the three

samples in the same order as they were placed by the objective

test. Chops frozen in drippings were the most Juicy, chops fro-
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zen dry second and freshly cooked chops were the driest. The

differences in palatahility scores for juiciness were not as

great as the ohjeotive test would indicate.

Data for beef roasts are given in Table 3, Palatability

scores varied from 47.5 points to 44.5 points; losses in freez-

ing and reheating from 1,6 per cent to 11,2 per cent; total

loss in preparation from 30.5 per cent to 41,7 per cent; shear

from 12 pounds to 17,7 pounds; amount of press fluid from 6.1

ml to 1,1 ml; and serum in the press fluid frcaa 4.9 ml to 0,3

ml.

A study of the results given in Iteble 3 shows a variation

of three points in palatability scores of beef roasts. Average

scores for the three types show that the meat frozen in drip-

pings had the highest score, but this was only 0,2 of a point

higher than the freshly cooked beef and 1,1 points higher than

meat frozen dry. The freshly cooked meat was scored cold and

the frozen meat hot. This probably made a difference in the

total scores. The freshly cooked meat rated lower on intensity

of aroma, flavor of fat and of lean and desirability of flavor

of fat. Judges apparently do not like the texture or flavor of

cold fat.

Losses in freezing and reheating were greatly increased in

the meat reheated in a 400° F, oven. Double boiler reheating

resulted in the smallest losses.

The three samples of meet varied only slightly in tender-

ness, according to both the scores of the palatability committee

and the mechanical test. The meat frozen in drippings was the
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most tender. The mechanloal test indicated that meat frozen dry

was second and freshly cooked meat third, Palatability scores

were in reverse order.

Frozen roast heef contained much less press fluid and serum

than freshly cooked meat. The amount of press fluid in the meat

frozen in drippings was only 41 per cent and the serum 16 per

cent of that in the freshly cooked meat. Press fluid and serum

in the meat frozen dry was even less. Palatatility scores

placed the samples in the seme order as the objective test,

freshly cooked meat, first; frozen in drippings, second; and fro-

zen dry, third; but the range in these scores did not indicate

as great a difference as the objective test showed.

Table 4 gives the data for beef steaks. Palatability

scores ranged from 48.4 points to 47.2 points; loss in freezing

and reheating from 0.7 per cent to 3.9 per cent; total loss in

preparation from 30.2 per cent to 34 per cent; shear from 23.6

pounds to 30.5 pounds; amount of press fluid from 6.9 ml to 5.1

ml; and serum in press fluid from 6.0 ml to 1.7 ml.

A study of this table shows freshly cooked steaks scoring

only 0,3 of a point higher than steaks frozen in drippings and

only 0.9 of a point higher than those frozen dry. One Judge

rated the meat frozen dry and rdheated in the double boiler as

the most desirable, and the meat frozen in drippings and re-

heated in the oven as the least desirable. Two Judges thought

the meat frozen in drippings was too fat-saturated.

Meat frozen in drippings had a slightly larger percentage

loss than meat frozen dry. The freshly cooked steaks showed
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more total loss in preparation than some of the frozen steaks.

This was due to a Tarlation in the cooking losses of the indi-

vidual steaks, and a higher average percentage loss for the

steaks tested fresh than for those subsequently frozen.

According to the mechanical test meat frozen in drippings

was the most tender of the three samples, freshly cooked meat

second and meat frozen dry was the least tender. Palatability

scores placed them in a different order, freshly cooked meat,

first, frozen in drippings, second and frozen dry, third.

Since each steak was a unit or sample, the palatability commit-

tee scored one muscle, and another muscle was used for the

mechanical test. This could have made a difference in the ten-

derness rating.

The quantity of press fluid and serum was less in the fro-

zen meat than in the freshly cooked meat, but the variation was

not great. Steaks frozen dry had more press fluid and serum

than those frozen in drippings. The palatability committee's

score did not agrdd with the mechanical test. Ueat frozen in

drippings was rated juiciest by the committee, but the mechani-

cal test placed it as the least Juicy of the three.

DISCUSSION OF RESULTS

The results indicate that frozen roast pork is an accept-

able product and, by all tests and scores used in this study,

the frozen meat varied only slightly from the freshly cooked

meat. There was also very little difference in the pork frozen

dry and that frozen in drippings, the scores favoring the meat
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frozen dry.

In the use of precooked frozen pork, time and labor re-

quired for reheating would be an important factor. The average

time required to heat the samples of pork roast, weighing from

204 g to 298 g, was 50 minutes for the oven and 56 minutes for

the double boiler. As previously stated the frozen meat was

reheated immediately after removal from freezer storage, no at-

tempt being made to thaw the meat at room or refrigerator tem-

perature. Thawing would have greatly reduced the reheating

period. Time of reheating could be lessened by packaging the

meat with layers of cellophane between each serving, so that

the slices of meat could be divided before reheating. Use of

steam would also probably shorten the reheating time. Neither

special equijiment nor skill is required for the reheating proc-

ess. Two square aluminum cake pans were used for reheating the

meat in the oven.

Results indicate that food establishments with limited

cooking equipment, space and unskilled help could profitably

serve precooked frozen roast pork. Heat slicing by untrained

help usually results in a high percentage waste in edible scraps.

The precooked frozen meat would eliminate this loss.

Results of this study indicate that precooked frozen pork

chops are a more palatable product than the freshly cooked meat.

Not only did the frozen chops receive the highest score of the

palatability committee, but the mechanical test showed more

press fluid and serum than the freshly cooked chops. As with

the pork roasts, there was little difference in the meat frozen
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dry and that frozen In drippings.

Although the precooked frozen chops are an acceptable prod-

uct, their use might he questioned because of the time required

for reheating, which averaged 92 minutes in the oven and 99 min-

utes in the double toiler. The original cooking period was 60

minutes plus searing time, hence there would be no advantage, as

far as time is concerned, in using the precooked frozen chops.

However, no particular skill and no watching are required in re-

heating the chops. Had the chops been thawed at room or refrig-

erator temperature, the reheating time would have been shortened,

A summary of tests and scores shows that precooked frozen

roast beef is not only an acceptable product, but equally as

palatable as the freshly cooked meat. The mechanical test

showed the frozen meat to be much less Juicy than the freshly

cooked meat, but the palatability committee's score showed only

0,5 of a point difference in the quantity of juice. As pre-

viously mentioned, the freshly cooked meat was scored cold and

the frozen meat scored hot, a point favoring the frozen meat.

The time required for reheating the frozen beef averaged

70 minutes for the double boiler, 48 minutes for the 300° F.

oven and 38 minutes for the 400° F. oven. As previously noted

the losses were greater in the meat reheated in the hotter oven.

The weights of the samples of beef ranged from 404 g to 772 g.

As with the pork, no attempt was made to thaw the beef prior to

reheating. Thawing before heating, packaging with layers of

cellophane between each serving and use of steam for reheating

are practices which would shorten the reheating time.
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This study indicates that precooked frozen roast beef could

be used by food establishments in a way similar to roast pork

with a saving of time, labor and cooking space.

As shown by the results of this study, precooked frozen

beef steaks are an acceptable palatable product, only slightly

less desirable than the freshly cooked steaks.

The steaks present the saine reheating problems as the pork

chops. The time required for reheating averaged 63 minutes for

the oven and 92 minutes for the double boiler. Since this is

two and three times as long as the original cooking time, their

use could not be recommended from the standpoint of saving time

in preparation. Thawing the steaks at room or refrigerator tem-

perature would have shortened the reheating time. As with the

pork chops, skill and watching are not required in the reheating

process, and under certain conditions, the precooked frozen

steaks might be used to an advantage.

SUMMARY

This study was made to determine the effects of freezing

upon the palatability, shearing resistance, press fluid and loss

in weight of precooked pork roasts, pork chops, beef roasts and

beef steaks.

The precooked meat was frozen dry or in drippings and was

stored at approximately 0° F. for about 30 days. It was then

reheated in a double boiler or in an oven.

Palatability, shearing resistance and press fluid determina-

tions were made and loss in weight calculated on both the freshly
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oooked and the reheated frozen meat.

All of the preoooked frozen meat was aoceptable and palata-

ble. The palatafcility ocmmlttee detected little difference In

the preoooked frozen and the freshly cooked products.

Pork chops, beef roasts and beef steaks frozen In drippings

were scored slightly higher than those frozen dry, but the pork

roasts frozen dry were scored higher.

Freezing had little effect upon the shear or tenderness of

the meat.

The frozen pork chops yielded much more press fluid end

serum than the freshly cooked chops. The frozen pork roasts and

beef steaks did not vary greatly from the freshly cooked prod-

ucts In press fluid and serum content. The frozen beef roasts

yielded much less press fluid end serum than the freshly cooked

meat.

Pork rcests, pork chops and beef roasts frozen In drippings

yielded more total press fluid and more serum than the same

products frozen dry.

Pork roasts and beef steaks frozen dry showed smaller losses

on freezing and reheating than those frozen In the drippings, but

beef roasts and pork chops frozen in the drippings had smaller

losses.

All meats reheated in a double boiler had smaller losses

than those reheated in the oven at 350° F. The 400° F. oven,

used for beef roasts only, resulted In the highest losses.

Under the conditions of this study the time required for re-

heating the frozen, precooked pork chops and beef steaks was so



long as to make the use of these products questionable.

The roast pork and roast beef could probably be used to

advent age in many places where cooking equipment, space and/or

time is limited.
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