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Quality of Frozen Poultry as Affected by
Storage and Other Conditions'

By Harovo M. Hanrsuaw, assistant biochemist, Animal Nuiritien Division
Bureau of Animal I'ndusiry; WaLTER S, HALE, chemist, and T, L. SwExsox,
formerly chemis!, Food Research Divisiun? Burcau of Agriculiuwral Chemisiry
and Engineering, Lucy M. ALEXANDER, associate howe economics specinfist,
Foods and Nuirition Divisien, Bureau of Home Egonomics: and R. R. SLocua,
genior markefing specialist. Division of Dairy and Pouliry Froducls, Agricultural

Markeling Service

United States Department of Agriculture, Bureaus of Animal Indus-
try, Agricultural Chemistry and Engineering, and Home Economics and
the Agricultural Marketing Service, in cooperation with the Institute of
American Poultry Industries
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INTRODUCTION

Since about 1925 certain changes have been taking place in ecom-
mercial practices in the preparation and storage of dressed poultry.
Formerly frozen poultry were rather generally stored at temperatures
of about 10° F. At present, however, temperatures of 0° or lower
are common, Another practice that has come into mueh more
general use is that of drawing chickens before freczing and storage.
The use of such procedures has made it desirable to investigate their

-effect on the quality of pouliry meat.
¥ The quality of poultry meat may be affected by storage in o number
“of ways. The earcass may deteriorate externally through the drying
sout of the skin, a loss of its natural soft glossy appearance, and the
~development of freezer burn. The flesh may undergo chemical
~changes, especially in the loss of moisture and the hydrolysis or
“oxidetion of the fat and protein. These changes may affect the
Hdesirability and palatability of the meat after it is cooked. To study
such effccts as influenced by storage temperatures and drawing, the
experiment reported in this bulletin was made.

' Received for pnblication June 27, 1940,
1D, Bale {5 now » chemist In the Enzyme Hesearch Laboratary; Dr. Swenson i3 director of the Western

Regional Research Lubaratory,
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SXPERIMENTAL PROCEDURE

Cockerels only were used in the experiment and were obtained from
two Iowa farm flocks, These flocks were selected because the birds
comprising them were relatively wniform in breeding and type. One
of the Hocks consisted of Barred Plymouth Rocks and the other of
Buff Orpingtons.  The chicks of each breed were hatehed in the spring
from cggs obtained from only one breeding Hock and were reared on
free range, with a supplement of mash and grain,

In the fail, the birds from botl: flocks were fattened together for 5
days under the same conditions in a commereial foeding station. They
were fed o proprictary mixed feed to whicl condensed buttermilk and
water were added,  The birds were killed on the sixth day after the
usual i2-hour period without feed and were then picked after being
slack-scalded.  They wore held overnight at a temperature of 33° F.
The next day some of the birds were drawn, and all were packed in
wooden boxes fo be frozen at —5° to —6°  After being frozen, they
were shippea irom Omabha to a stornge warchounse in Chicago by
refrigerated fruck.  Approximately 24 hours was required for this
shipment. Bome of the boxes were stored at 0° and the others at
—20° under the usual conditions of {reczing in refrigerators. A com-
parison was not made with birds held after they had been frozen under
the methods of quick freczing.  Placement in storage ocenrred on
November 14, 1933.

In this manner, 150 individuals of cach breed were prepared so that
boxes containing 6 birds of ecaech broed could be held in storage as
follows:

Light birds, drawn and sto-a0 at — 20° ¥,

Heavy birds, drown and stored at —20° |7,

Light birds, undrawn and stored at —20° |7,

Heavy birds, andeawn an i stored ol —20° P,

Light birds, undruwn and stored at 6° 7,

Heavy birds, undrawn aml stored at 0° F.
The separation between light and heavy birds was made at the weight
of 5 pounds and § ounces, all birds over that weight being classed as
heavy.

Representative boxes of birds were removed from storage for exam-
ination on November 26, 1934, November 21, 1833, and Decombor 2,
1936. After withdrawal [rom storage, the boxes were shipped by ex-
press i a frozen condition to Washington, D. C., for the purpose of
examination and testing the birds in the laboratories of the cooperating
administrative units of the United States Department of Agriculture.

The boxes were opened, and the individual birds were graded on
their external appearance by specialists of the Bureau of Animal In-
dustry and the Agricultural Marketing Service. Representative
birds were then tested as to their quality by speeialists of the Bareau
of Agricultural Chemistry and Engineering and the Burcau of Home
Economics.

LOSSES IN WEIGHT AND EXTERNAL APPEARANCE DURING
STORAGE

The percentages of loss in weight during the storage periods were
calculated for the different boxes of poullry and are presented in
table 1. There was some variation in this respeet in the different
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iots of birds. The relative loss in weight was consistently greater
in the birds stored at 0° F. than in those stored at —20°, being more
than twice as high on the average. The loss at the higher tempera-
ture did not increase appreciably at the end of 2 years but was
considerably greater after 3 years of storage. There was also an
indication that the 3-year loss at —20° was greater than the 1- or
2-year loss, but the results for this temperature hold only for the heavy
birds. The drawn birds lost a greater percentage of weight, in every
case, than the undrawn birds stored at the same temperature, but the
differences were often slight.  The other conditions of the experiment
did not appear to affect the losses in weight during storage, although
no data were obtained in regard to theinfluence of breed in this respect.

Tasre 1.—Effect of drawing and temperalure of slorage on loss of weight of birds
slored 1, 2, and 3 years

Starage Loss in weight at end of—
Drresser] eundition temnera- Welght granp

First year | Seconrd year | Third year

Pereent Percent Pereent
1,0 1. 18

{H . : .53

A Heavy. . . . .

{Lighr._ . . 3
Heavy,

All the careasses were rated for color, bloom, condition of skin, and
freezer burn, according to the method shown in table 2, which repre-
sents the consensus of opinion of a number of individuals cxperienced
in the grading of storage poultry. It was designed to provide a simple,
easily applied meesure of the deterioration which might be expeeted
to occur in the appearance of dressed poultry during storage. 1t does
not include any of the quality factors due to the fleshing and conforma-
tion of the individual bird.

As shown in table 2, for cach of the characteristics there are five
possible ratings, which are given the numerical values of 1 to 5. By
the use of these walues, a numerical rating for each bird and each
classification of birds in regard to the Jesivability of external appear-
ance may be obtained. Total ratings for six birds in each brecd after
each year of storage arc given in table 3.

TaBLE 2.—Basis of rating nuwmerically the exlernal appearance of storege poultry
for qualily faclors

Rating No.

Quality fa. cor
1 2 3 1 ]

Calor (bleached or | Very marked | Marked chonpe.] Medium change.| Slight chonge. .| Natural.
darkened}. change
GOIH .. _aae None. ... Fair, .. Good ... _._..__| Excellant,
Coendition of skin..| Very dry..__.| Dry_ . Sllghtly dry. Elightl %lossy _{ Soft glossy,
Freezer burn Pronounced. .. Slight Very slight....._| None,
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TanLe 3.—Tolal rating for external appearance of 6 birde in cach breed after 1, 2,
and 8 years of storage al —20° and (° F2

1 YEAR
Ruting for—
Storage -
Dresstd &y a0y, | Welzht Breed Condi-
condition tire Eroun OR Freazer
. Color | Bloga | tion of Totat
skin bura
°F, Lipht, ___ {Bnm:d Piymouth Bock.._ i 21 2 33 93
Draws..__. -2 { Orplogton. . _._..___.___ a0 22 22 20 103
Heavy__._ gnn;e LI’l}'mouth Roek... ﬁg %é ig zg 212
TRgRON e 3 2 5
Light..... Barred Piymouth Rock. .. 29 23 2 3G 135
E
—20 Orpinglon. ... ... i) 24 FL] 30 108
Heavy.. .. 'gariie t‘Ph‘rmz:nnh Rock_ .- gg ﬁ % 21 gl
Undrawn. .. I rpfoglon. ..o ..., . i 5
Pjlight ____ anrred Tlymouth Rock. .. 3 i) 19 13 Bl
1] Orplogron . . _ L kli} 23 22 13 B8
Tlenvy.... {Bnrrc:l Tiyvonih Roc 1 11 18 g 18
Orpington. . ____________ an i} 18 12} -
? YEARB
I Liwht [Bnr;ad Pivmouth Roek an 7 18 20 85
D o R Orpinglon.__... .. ... an 17 18 2 87
TEWR----. : Barred Plymouth Rock #0 i 8 N 8
Houvy.... | Drntagton o oo ok 13 18 ml g0
Light {gsrmt Plymoptth Rock __ gg lg ig ..,?; gﬁ
. Hh - TREnEtOn . o il aaa k i 2 ¥y
-0 {‘H v {Enrrnd Piymenth Rock_.. o 18 18 22
Codrawn.. ! VY- —-N\Orpinetos ... .| 30 18 18 2 8r
BETAWR...; Light {gnrmd Piymauth Rook __. gg %{} i; lg 67
g bliietelel rpioglon. . .. ... . .. ; 7 1 T8
¢ {ch\' - {Bnrrcrl Piymouth Rock. .. 3 H i8 ig 65
¥--= NOrpington....o.___._.__.C 36 10 18 H 85.
3 YEARS
i
Light {Bsrrcd Piymonth Rack [ 20,0 2.8 13. & 101 B85S
Draw —og [P - NOington.... ... o) 2.6 125 R0 M0, LG
A% .. - N Barred Plymouth Rock_._| 2.0 | 185| 11.5] 165} #£0.5
Hewy. - Norpington.................| 10| 1660| 168} i65| 655
Light {gnrrudtl’iymomh Rock... égg igg :gg 1’.’,3 &b,
_ Bl Thinston. ... R, A 3. L 12, 57.0
20 fBarrold Plymouth Reck_ .| 210 4.5 5.0 4.0 62.5
RHeny
Undrawn ¥e-hOrpiaeton... .| 26i 84| 44| 150| s6e
Tuwn - Light gnr?’.d Piymouth Roek...[ 8.5 s.g g.g 8.5 g.g
) - iOrpdegton. - . .. 8.0 T L L 5 L
{I—ien\'v Barred) Plymouth TG 7.5 9.0 6.8 2.5
i oo Orpitgton.. 8.8 6.0 7.5 6.0 L5

i Method of obtalning data !n this and subsenoent stmilar tables is showa {n table 2.

Table 3 shiows certain consistent differences and trends from year
to year. However, the rating for one group—the heavy, undrawn
Barred Plymouth Rocks stored for 1 year at 0° F.—was unususlly
low as compared with the Buff Orpingtons of the same classification..
The carcasses in the former group had rather poor color and bloom,
the cause of which could not be ascertained. The Barred Plymouth
Rocks of this classification, stored for 2 and 3 years, had practically
the same score s#s the corresponding Buff Orpingtons, With this.
excepiion, the scores of the different groups of birds decreased with
each year of storage. At the higher tempersture, 0°, there was a
greater deterioration in external appearance than at —20° and this.
difference was more marked at the end of 3 years of storage than it
was after 1 or 2 years,
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There was no consistent difference in score between the two breeds
or between the drawn and undeawn birds. The smaller birds rated
slightly better at the end of the first year, but there was no essentisl
difference between the two sizes of birds thereafter,

With the exception already noted, color of the birds was normal
after 1 and 2 years of storage, but there was 2 noticeable deterioration
in color during the third year. The scores for bloom aad condition
of skin were slightly less after 2 years of storage than after 1 year, and
much less after 3 years of storage. The extent of the development of
freezer burn became more marked each year, this effect being greatest
during the third year. The greatest freezer burn occurred on the out-
side birds on the side next to the box. There was slso more freezer
burn on the backs of the birds. These effects were all accentuated at
the higher storage temperature. The aversge numerical ratings for
these characteristics in the birds stored for 3 years at 0° F. were about
one-half that of the birds stoved at —20°. This difference was not so
great after 1 and 2 years of storage.

The results indicate that there is & continued deterioration in the
external appearance of dressed poultry with an increase in ths length
of sterage as shown by eolor, bloom, condition of skin, and degree of
freezer burn. This effect is greater at a storage temperature of 0° F.
than at —20°.  Breed, size, and drawing did not show any influence in
this respect.

CHEMICAL CHANGES

In 1934, after 1 year of storage, and in 1936, after 8 years of storage,
chemical determinations were made on the tissues of representative
chickens to investigate the changes that had taken place. For enm-
parison with these results, determinations were made on fresh-frozen
chickens in 1933, 1934, and 1836, The ehemical examination com-
prised the following: Moisture in breast muscle and skin; acidity of
intraperitoneal fat; glucose in breast muscle; acidity, glutathione,
amino nitrogen, and proteinase activity of the aqucous extract of the
combined leg and breast muscle; proteinase activity of the glyeerin
extract of leg muscie.

Many chemical changes are known to cecur in meat during storage,
but the ordinary analytical determinations detect spoilage only affer
it has been evident to the senses for a long time. The aim of the
present studies was to find some measurable difference between fresh
and stored poultry as & criterion of successful preservation.

Beside determinations of amino nitrogen in muscle extracts and
the acidity of fat and of muscle extracts, which are all more or less
ususal procedures in following the course of autolytiec processes, an st-
tempt was made to learn whether the enzyme system of protein
break-down had undergone any change in activity. Water and gly-
cerin extracts of the muscles were tested for their capacity to break
down gelatin, No definite results were obtained. A test of the sulf-
hydryl groups in musele extracts by Tunriclifie’s method * also gave
no definite results.

The percentages of moisture in the breast musecle and skin were de-
termined as direceted by the Association of Official Agricultural

ITUNKIEUFFRE, 1L B, GLUTATIIONE. TIE QCCURRENCE AND QUANTITATIVE ESTIMATION OF QLUTATHIONE
N Trssees.  Bioeherns, Jour, 10: 194-108, 1925,
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Chemists.* The moisture content of the breast muscle ranged from
59.7 to 76.4 percent and averaged 71.2 percent; that of the skin varied
rom 30.0 to 57.5 and averaged 42.8 percent. The results did not
indicate any change in the moisture content of breast muscle or skin
due to any of the conditions studied. There was a greater variation
in this respect between the individual birds than between any of the
groups of birds.

The acidity of the fat was determined by titralion of the ether
extraet of fatty tissue with sodivm alcoholate according to the method
of the Association of Official Agricultural Chemists ® for the zcidity of
fat in cgg yolk. Samples of abdominal adipose tissue were used for
this purpose. The acidity of fat, expressed as the volune of 0.05N
sodinm ethylate required to ncutralize T gm. of fal extract, varied
from 0.3 to 1.5 ce. and averaged 0.7 cc.  There was an indication in
the results obtained that the acidity of the fat increased during
storage. The average volume recorded in the titration of the {at
samples was 0.5 cc. in the fresh-frozen birds and 0.8 ce. in the stored
birds. However, there was more varintion in the results obtained
botween the individual birds than between the groups of birds;
consequenily, no definite conclusions eould be drawn.

The quantity of reducing sugars in the breast muscle was deter-
mined.  Five grams of the musele tssue was thoroughly ground m a
moriar with sand and s Hittle water, nnd Lthe volume of the extract was
brought te 35 cc. by the addition of waier. The rest of the procedure
was according to Benedict’s modification of the method of Folin
and Wu for blood sugar® except that sodinmm tungstate and sulfuric
acid were added while the mixture was stirred in the mortar.  The
values oblained from these determinations ranged Irom 44 to 355 mg.
per 100 gm. of breast musele and averaged 196 mg. The data ndicate
that the reducing sugnis increased in breast musele during storage, the
average values being 151 mg. In the fresh-frozen birds and 208 mg. in
the stored birds. However, the varintion between individual birds
was too great for the averages Lo be signilicant.

Determinations were madde on the aguesus extract of muscle tissue
to study the changes taking place in the proteins.  ‘The extracts were
preparcd by grinding 25 gm. of muscle (hall from the breast and
half from the leg) with sand and a little water and then diluting to
250 ce. with wafer. The suspension was filtered through cheesecloth
and then through filter paper on which a layer of filtereel had been
deposited.  The filtrate was kept cool, and 10-ce. portions were used
for the following determinations: (1) Titration with 0.1N alcoholie
potassium hydroxile in hot aleohol, with thymolplithalein as an
indicator, the method being that of Willstitter and Waldschmidt-
Leitz? for protein fragments;(2) titration with 0.01 Niedinge with sodium
nitroprusside as an outside Indicator to determine the sullliydryl
aroups, this method being proposed by Tunouehiffe; (3) estimation
of amino nitrogen in the Van Slyke apparatus.®

T ASROCIATION OF OFFICIAL AGEICULTURAL CIIEMISTA,  OFFICIAT AND TENTATIVE WHTIMIE OF ANALYSIS . ..
Compiled by the eommities on editing methods of annlysis, B4, 4, 710 pp. ilus, Washington. 1. C.
A, Ree b %ih.

§ Spe . 407 af refevence eiled in fontnole 4.

¢ BENERICT, STANLEY . THE BSPMATION OF SU0AR [N HLOOD AXD NORMAL VHINE, Jour, Bial, Cheni.
63: TRO-THT. D26,

P WILISATATTER, RICHARD, WALDFCHMINT-LEITE, BRNST, PDeiaTrrRIA, BALUSTIAND, Amd K UONSTNER,
ORRnARD, AU HENNTNIS DES TRYPHUNS, XV, ASUASDLUNA UREN PANKHEAS-ENZYME Ztschr, L
Physial, Cligns. 160 [1ui]-26% Mok, (92,

sexxenires. 1L B, Seefootnole d,

VAN SLTKE, DMONALD [Y, THE QUANTITATIVE DETHUMINATION OF ALIVHATIC AMING GROUPS. 1L Jour,
Bigl Chem. 2 255254, s, JULA
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The results obtrined from these three determinations showed more
variation between individual birds then between the groups of birds.
There were no indieations that drawing, length of storage, or tempera-
ture of storage had any efiect. The volume of 0.1N potassium hydrox-
ide required to neutralize the extract from 1 gm. of muscle tissuc varied
from 0.95 to 1.40 ec. and averaged 1.25 ce. The 0.01N 1odine sotution
used in titrating the extract from 1 gm. of muscle ranged from .24
to 0.70 ce. and averaged 0.38 ce. The volume of amino nitrogen per
gram of muscle varied from 1,05 to 1.62 cc. and the average was 1.24 ce.

In view of the inconclusive results, the detailed data are omitted.

BACTERIOLOGICAT, STUDIES

The bactericlogical studies involved the deternination of the
number of organisms per gram of muscle tissue and the presence or
absence of anacrobic organisms. TFor the former study, samples of
tissue from the hreast muscle and inner thigh muscle were ground
aseptically with sand, use being made of nine volumes of physiological
salt solution for dilution. Further dilutions were msde from this
extract. Nutrient ngnr was used as o culture media and the cultures
were incubated for 48 hours at 37.5° C.  The presence of anacrobic
organisins was detected by inoculation of deep paraflin-sealed meat
tubes,

There was a wide variation in the number of bacteria per gram of
muscle, the counts ranging {rom about 1,000 to 40,000, There was
no indication that these counts were affected by any of the conditions
of the experiment. Anserobes were found fo bhe present in 21 of
24 samples from fresh-frozen chickens and in 20 of 38 samples from

stored birds. The anacrobic organisms were found in samples of leg
muscle from 16 of 19 stored birds, but in only 4 of 19 samples of the
breast musclie of such birds.

COOKED-MEAT STUDIES

In 1934, after the chiclens had been in storage for 1 year, 3 Barred
Plymouth Rocks and 3 Bull Orpingtons from cach of the 6 lots were
cooked {o determine the shrinkage during cooking, the time required
for cooking, and the pulatability of the meat after eooking. The 2
breeds were cooked on alternate days, 1 chicken from each of the 6
storage lots on 1 day. In addition to the stered chickens, fresh-
frozen and fresh-killed chiekens were cooked for comparison. Two
freshi-frozen birds, 1 light and 1 heavy, were cooked each day that a
stored chicken was coolred.  Following tho tests on 48 frozen chicliens,
an extra day was given to the cooking and testing of 8 fresh-chilled
chickens from o Washington, D. C., market. These hirds were
sclected by a Department poultry specialist and were cockerels of
good mnrket quality, as judged by appearance.

In cach of thelast 2 years—1935 and 1936——hreo Barred Plymonth
Rocks and three Bulf Orpingtons from cach of the six storagoe lots were
cooled by the method used In the 1934 tests. Ono fresh-frozen and
one [resh-chitled chicken were ineluded on cach day of cooking the
stored chickens, The {resh-chilled chickens were supplied from the
United States Department of Agriculture Beltsville Research Conter,
Beltsville, Md.
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The fresh-frozen chickens were fattened under the same conditions
as the stored birds and were killed and frozen approximately 2 weeks
before cooking.

All chickens were weighed when ready for the pan, stuffed with
fine dry bread crumbs, trussed, and dusted lightly with flour. No
seasoning was used. Each stuffed chicken was weighed, then placed
breast down on a rack in an open roasting pan, with no water added,
and put into a moderate gas oven, at 185° C. (328° F.). For even
cooking, chickens were turned every 15 minutes, following the order
from breast to side, to back, to other side, to breast agnin. The
chickens were cooked at 165° C. until the wing joints had softened
and the thigh meat was tender when pierced with a skewer, They
were then removed from the oven, weighed again, end were ready to
carve and serve Lo the judges,

SunINKAGE anp Cookineg TiMmE

The shrinkage, or less of weight during roasting, was determined
for ench chicken by subtrnoting the weight alter cooking from the
weight of the stuffed bird before cooking. The losses consist in the
loss in drippings, which is the weight of the mixture of fat and juice
that cools out of the chicken and colleets in the roasting pan, an{J[ the
cvaporation loss, which is the difference hetween total loss and
drippings loss. The total shrinkage and the two [ractions were
calculated for caeh chicken as the percentage of the weight of the
stuffed chicken before being cooked. In 1934 the weight of the
stulling averaged 8.0 percent of the weight of light chickens and 7.5
percent of that of heavy chickens; in 1935, 8.1 and 6.6 pereent,
respectively; and in 1936, 8.8 and 7.6 percent, respectively.

The time required in cooking was caleulatod as the number of
minutes per pound of the stuffed chiclen.

The experimental data on shrinkage and cooking time for the 3
years arc presented in table 4.

Tarne . —Skrinkage and cooking time of chickens after 1, 2, and 8 years of storage
al —20° and 0° I, and of fresh-frozen and fresh-chilled controls

LYEAR STORAGSE

. £
& Shrinknge during | £
=3 £y - rossting =
] o * = =z
R oo 2 2] b= =
Dressod condi- £ = Breed of chicken g 237! ¢ & wE
tion A = 2 (FextBa| = EX
a E 2 (5L 2E| BElE I=
= = = f(zesiE= | & [ 3 ]%
@ = & - = a = [w
Mum- Per- | Per-| Per- JMin-
F. ber | Broms) cent | cent | cent | utex
Light {Bnrru:! Piymotrth Toek. - 3| L4td 323 21| ta 4| 328
Drawn —op [4 B U Bud Qrpington . .. L. 31,33 135 17| 12| s
s Heavy Barred Fiymouth Reck. _. FILWR | M7y LA 163 343
“o [V Baf Orpinglon, . L. 3| 4,340 [ 18.7] 2.7 ) 164 286
Light Burred Plyicouth Rock _. 31,4 135 Lejda| gnd
o fLight. ... Buff Orpington, .. . dlpsi )izl wrliss| sas
IHonvy Barred Plymmouth Ragk.__ vl 42| B[R0t 320
Uvdrawa == BT Qepington. .. R Jloo00t128| 24165 202
Light Harred Plymouth Rook Al nEmitEa| 21| a2 s
o AR - Huft 0?{]!!}3{0”--_ R L6248 2.3 171 358
Henvy {Bnrmd Ylymouth Rogk Il 47| 27|14 an7
T |tBaff Orpington ... .. 2| o84 | 3.3 381171 8.8
Light {Bnrred Plyinouth Ropk, - 311,35 1132 B0 a8
Fresh frazent_ oo W T Buff Orpington. .. .. 311,432 183 18]1i32 a1
- il I Hoavy {Bnm:d Plymouth Rowk.__ G LSED 124 1.0)] 3] ane
Liht e g}uﬁ Orpington - ": l,gﬂi’g 4.4] Leliso| 323
M L R i, 14,4 3.8 | 182 42, %
Frosh etiited?. {...... fHEM - | [omrmoreomce o slusr N | Sy ions! ave

Vifor storml; controls, ! Not kagwi,
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TABLE 4.—Shrinkage and cooking time of chickens afier 1, 2, and 3 nears of storage
al —20° and 0° F., and of fresh-frozen and fresh-chilled controls—Continued

2YEAR STORAGE

4 =40 . ]
4 SE& | Shrinkage during | §
g & i roasting o
e | & *ES % £3
Dressed condi- | 3 = ] =i . -]
tlon &3 = Breed of eliicken 5 %%; ga g E.a
£ i g {55128 B |8 |4
e = = LED| N = a2 &
@ = o4 = A |2 R+
Num- Per- | Per- | Per- |Afin
oF. ber | Grams| cent | cend | cend | ules
Light {Bnrrcrl Blymanth Rock. .. J] L6 [ 145 3.4 | 17.8| 3.5
D _ ARy - Buit Orplogton. .. ... .- 3L 1aG| 3.5 101 381
Al oo Heay Barred Flymouth Rock. .. 3jLest| w0} 2.0f20]| 400
ARV - - BT Orpington ... - - -n- 21,002 6.8} 3.7|20.5]| 336
Tight Tarred Tlymouth Roek.. . Jln261 147 241711 d0.8
—m BNt Tufl Orpiocton, .. . _.. 471,420 148 a0l 1rsg 3.1
Tenvy {Bnrmd Plymcuth Rock. d]16%3 21| 321233 | 383
Unilraw: = (LBl Orpinpgion ... ... 3 (1,852 | 18.4 3.8 | 222 .7
nidrawal....-- Lt Barred Flynicuth Rock 3| La88|Ge) 5.7 |18.9 ) 4.4
o {1HE - (LBl Qrpington.. . 3LLEM | 16.7] 5.0 1971 40.0
lHeay Harred Plymouth L0624 [ 13.7| 3.0 16.7| 350
g i i iR
. . FOITL rmglith B . 4.6 [ ZL.1 .
Fresh frozend. .| weee- Leavy.... {Burr Orpi%gwn.f i g rrwo ol 23 %ﬁ 3:}%
Barred Plymoulh Rogk .. 2,208 1 1582 | 5.4 . I8
Fresh chilled .| ... el BUEt Orpington. .omon.n ... 323 | 5e! 50|28 | d004
JYEAR BTORAGE
Uit [Barred Plymonth Rock __ 311,800 | 141 | 2.9(17.0| 388
Draw _og et .- | Bull Grpington. veeeeneeas 315,488 | 14.4 [ 2.0 (7.4 30.8
TAW D ceammn “* Atteay {Bnrrcd Plymoutl Rock. _. 3| 1,662)180 | 3.2|10.2] 34.4
¥oeo { Bulf Orpineton. coe o voe e 31,741 | 13.1] 248157 | 284
Light {Burrud Flymouth Rack. .. LA |46 A LLG| d4n0
PR b Rufl Qrpihglon. __._...... 301,420 | 145} 3.0)17.5| 308
Auav {Burrmi Plymouth Rock. .. I LM (170 33| 2056 sé
Undraw ¥----\Buff Orpinglon._._. . - 3| 1,080 | 144 1.3 8.7 27
odrawn.-....-- Liaht {Ilurrod Plyimouth Ro - 3342 122 3 Ii.d ] J7.4
o At e Buli Orpington. ..., - .. 311,375 | 4.0} 821wy | w3
envy Jonrred Plymouth Bock_ .. FpL8I2 | 3 34107 a2
L'-ht et lg)uﬂ' Orpingtan 3; },?g: lg,? L4 lgé fﬁé
ight. . (.. : + L0 2.0 | 16 1.
Fresh frozent.. | eooafeavy o 0 00T S e (a8 | 44| 2002 | 365
Freshchilled .. | ... e-tlon oo Rhode Tsland Hed ... ..., 61,785 [11.8 1 4.8 | 164 | 30.8
1 Not stored; vontrols. 1 Not known,

Interpretation of data on shrinkage and cooking time in relation
to stornge conditions presents special problems. So far as the writers
know, there are no available data on shrinkage and cooking time of
chickens that may be used 25 a nicasure of experimental error in de-
termining what might be considered significant differences between
lot averages. It is believed, therefore, that importance can be
attached only to consistent trends over the 3 years when deciding
whether shrinkage and cooking time were influenced by storage tem-
perature, drawing of chickens, length of time in storage, weight,
and breed of chicken used in the tests.

The system used in interpreting results was to consider only one
factor at & time (for example, temperature of sterage), to examine the
year by year data on this factor in the different groups of undrawn
chickens and to caleulate averages for the two temperatures for the
3 years. Since the weight and the breed of the chickens were probably
operstive in all cases, their influence was studied first and considered
in relation to the other factors.

2B4741°—41-—B
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The data on shrinkange showed that light stored chickens had less
drippings and smaller total losses than heavy stored chiclkens in o
majority of the groups cach yonr. Evaporation loss followed this
trend in 1934 and 1835 but varied in relalion to weight in 1936, For
fresh-Irozen and [resh-chilled chickens cooked in 1934 and 1936, the
total sluinkage of light chickens was consistently loss than that of
heavy ones, but in 1834 evaporation and drippings varied somewhat
in relation to weight,

In the stored, Tresh-frozen, and Nresh-ehilled chickens, (here an-
peared Lo he no delinite relationship hetween breed and shrinknge
during roasting,

The shrinkage of undmwn elrickens did not appear o be affected
Ly temperature of storaoe, Similarly, drawn and undrawn ehickens
stored at —20° I did not difler consistently in shrinkage.

When the shrinkage duta were related Lo the length of slorage
period, evaporation and total losses of a mnjority of the lots of ehickens
were grenter at the end of 2 and 3 years than at the ond af 1 vear, but
loss at the end of 3 vears than at the end of 2, Drippings losses
followed the same trend as evaporation and toial lnsses, exerpt in
the comparison of 3 with 2 years’ storage. Averaged for 1934, 1035,
and 1936, the percentages of evaporation los<es were 13.6, 16.5. and
14.0, respeetively; the pereentage of deippings losses, 2.4, 3.2, and
3.1; and the pereentage of total losses, 16.0. 19.7. and 17.1. These
averages indieate that increasing the period of stornge Lovond 1 yenr
ineveased the shrinkage.  However, i is doubted whether inereasing
the period of storage in itsell increased the shrinkage of (he chickoens,
becawse theve was no consistent trend in this direction vear by year
when stored ehickens were compared with fresh-lrozen and fresly-
chilled ehickens of the same weight eloss.

With regard Lo cooking (ime as influenced by weight, light ehielons
i the stored, fresh-lrozen, and fresh-chilled futs required more min-
ules per pound than heavy chickens in a majority of eases cach vear.
Phe averages for the 18 groups ench of stored light and hes vy chickens
were, respeetively, 37.6 and 33.0 minutes per pound.

Barred Phymouth Rocks of the stored lots required each year from
1 Lo 2 more minules per pound, on the average, than Bulf (hrpingtons.
The same observation was made jn fresh-frozen and frosh-chillod
chickens of the two breeds. Sinee the Barred Plymouth Rocks Fen-
erally weighed less than (he Bull Orpinglons, it would be expected
that chickens of the former breed would require more minutes per
pound fur cooking,.

"The cooking time of undrawn chickens stored at 0° and —20° F. was
not related Lo the temperature of storage,  In chickens stoved gt —2(°
the rate of cooking did not appear to be aflected by drawing the hirds
before placing them in storage.

The tength of the storage period appears to have influenced the rate
of cooking, judging by the majority of the lots and by the avernges
of 33.3, 37.9, and 34.7 minutes per pound, respectively, for chickens
stored 1, 2, and 3 years. However, when the figures for stored chick-
¢ns are compared year by year with those for fresh-frozen and fresh-
chilled chickens of the snme weight class, there is evidence that 1 and
3 years of storage resulted in a shorter cooking period, but that 2
years of storage had the opposite effect.
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Pavatanioity

The chirkens were alt carved by the same method 50 as to furnish
comparable samples to the judees. The white-meat samples were
taken from the breast. First the skin and subcutancous f[at WO
removed from the right side of the breast. Next the museular tissue
was cut loose from the wishbone, breasibone, and vibs, across just
back of the wing joint, and lifted off to a carving board. Cross sec-
tions from one-fourth to one-half of an inch wide and including hoth
pectoralis major and peetoralis minor were eut for the judges.  Judge
No. 1 was given the portion nearest the wing from each chieleon;
judge No. 2 the next portion, and so on in order.  The breast samples
were served while siill hot.

The dark-meat samples wore takeon {from the thigh.  8kin, subcuta-
neous fal, and the thigh bone were removed.  Cross seelions were cut
conseculively from the musculur tissue as in the ease of the breast
muscle, beginning 2l the end nearest the drumstick  The thigh sam-
ples were also served hot, as soon as the breast samples wore judged.

The judging commiltee consisted of five persons, 1wo cach from Lhe
Burcaus of Asimual Industry and Home Eeonomics, and one from the
Agricultural Marketing Service. The personnel of the committoe
varied somewhat in 1934, Three of the judges tested all the sninples
and two others tesled 71 pereent.  This same group of five judged ali
samples in 1933 and 1936.  In 1934, however, two additional judees
acted as substitutes for regular members of the commitlee. The
cooked-meat grading ehart of the cooperative meat investigations
was used,

The breast and thigh of each chicken wore judged for the items
shown in {able 5. The scores given by the judges for cach sample of
breast and of thigh for a chicken wore averaged separately for cach
factor as, for example, tenderness,

On the basis of voluntecr comments by some of the judges as to
flavor of lean meat in the first year's tosts, favorable and unfavorable
deseriptive words were listed, as follows: Favorable—sweet, good
chicken flavor; unfavorable—s{vong, old, stale, rancid, acid, sour,
bitter, liver, gizzard, decomposed, foul, abnorma!, burned, browned,
musty, gluey, acrid, disagrecable afltertaste,  All judges wore reguired
to use this list of deseriptive torms for cach chicken in the second and
third years’ Lesis.

The results obtained in the pulatability studies for the 3 years are
presented in tables 5 and 6.

0 {JITED STATES DIEPANTMENT OF AGRICELTURE, BUREAUS OF FLOME ECONOMICS AXD ANIMAL INpEs-
TAY. METHOBS OF COOHING AND TESTING MEMT FOIl PALATADILITY. 36 Dby, fHus,  Wevieed, 033,
(M bineogruprhed.)




TaBLE 5.—Palatability ! of breast and thigh samples of chickens after 1, 2, and 3 years of storage at — 20° and 0° F., and thal of fresh-frozen
and fresh-chilled controls, as delermined by the cooked-meal grading commilltee, 1934~36

BREAST SAMPLES STORED 1 YEAR (1934)

Aroma Flavor of lean Juice
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BREAST SAMPLES STORED 2 YEARS (1935)
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! Maximuni seore for each item is 7.
2 Not stored: controls.
3 Not known.




TaBLE 5.—Palalability ! of breast and thigh samples of chickens after I, 2, and 8 years of slorage al —20° and 0° F., and that of fresh-frozen
and fresh-chilled controls, as determined by the cooked-meal grading committee, 1934-36—Continued

BREAST SAMPLES STORED 3 YEARS (1936)

Aroma Flavor of lean Juice

Storage .
Dressed condition lex{npera- Weight
ure
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Number
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TABLE 6,—Favorable and unfavorable comments on the flavor of chickens after £ and
8 years of slorage al —20° and O° F., and those on lhe flaver of fresh-frozen and
Sfresh-chilled econirols, as recorded by the eooked-meal grading committee, 1885-36

2YEAR STORAGE (1935)

Stor- Favorable Unfavorpble
Drressad 121:}1:' Waedphit Breed Chick- catnteents COmments
condition perss- EIOup ’ D9 T ;
tare Brenst | Thigh { Rreast I Thigh
°F. Number' Number Number .-\'umberfx\"umﬁer
Tight {‘Barret! Pirmouth Rock .. 3 14 ] 21
Drawn —_gp (I [1Butt Grpingan | 3 12 4 15 5
"""" Teav [Bamred Plymouth Rook 3 13 i 12 b
L2VY -\ AufT Oepington P Rock 1T k] E) 5 %3 %
. Barred Plymouth Rogh . ... 3 16 4 L3 24
—on ji"‘ght“'{ﬂutf Grpingion | - 3 & 4 6 21
lﬂ v [Bnrm! Mymootdh Hoek | . 3 16 3 9 23
Undrawp CRVY- -1 Buff Orpingion. .. . - 3 ] 4 17 30
""" Lipght {Bnrrcd Hlymouth Roek. ... 3 ¥ 3 19 26
¢ BEb -\ Bug Orpinglop. ._.. .. .. 3 ] 1 22 31
Heavy {Bsrre:i Plymoeuth Rock 3 9 1 9, 41
eBVY .- %uﬁ (ir ating:.umﬁ_ﬁ " 3 H 5 15 kT
arred "lymout ook .. 3 15 B 12 0
Fresh frozen L. o |3 Orpinetan . oo 3 10 i i7 19
Barred Plymouth Reek . & i 13 i L]
Freshchlied?....... 1 ..do.... {Buﬂ Cepington. ... ... 3 0! i 7 13
IYEAR STORAGE f1im
Lirht {Bam‘d Plymouth Roek .. __ 3 13 f S! ‘3’!! w
Drawn o JRBE N Bull Orpington .. LI 3 o 51 0 35
““““ oy [ﬁﬂrmd Plymouth Rock. ... 3 16y i 1] - 17
F--"Buff Orpington. .. - R N 1 8, b= 4 ]
Light Rarred Plymoeuth Rock..... 3 M. &) 13 45
—on Bht... Boff Orpington .. . ... 3. MW 41 iv, 23
Heav Harewd Plymonth Rack ... 3! 8. 1 v} 33
Undrawn ¥--{inaff Orpington. 5.2 3t 18 35
""" Lizht {Burrvd Plymouth Rock K] G 1, ] 46
0 FRE- - 1VRuff Qrpitgton 3 HE 3: 24 4
Heavy Barred I"lymouth tock 3. 13 1: 7 T
L ¥--[\Buil Crpington_ . 3 1t 2, 2 43
it L] E a. 2 :
N I U e I S N
Freshehilledt | _...__ -v.do._..| Rhode Island Red . ... Nl 15 M ! )
1 Nat stored; contrais. Not known.

Interpretation of palatability data in relation to treatment given
the chickens also presents problems. Spencer's ! study of judging is
believed to be applicable in a general way, although 1t did not deal
with poultry. Krom a study of 96 pairs of corresponding left and
vight legs of lamb judged by § persons, Spencer reported an average
deviation, within pairs, of 0.3 of & grade for intensity and desirability
factors on the cooked-meat grading chart. On this basis it seems
logical to require that differences between lot avernges should exeeed
0.3 of o grade to be of any importance.

Differences between average scores year by year for weight class,
breed, dressed condition, and temperature of storage were classitied
arbitrarily as less than 0.5 of & grade, from 0.5 to 0.9 of a grade,
inclusive, and one grade or more. Differences less than 0.5 of a grade
between yearly averages for o given factor wore considered not to be
significant unless these dillerences oceurred in the same direction cach
of the 3 years and each year followed the direetion of a majority of the
groups. In this casc it was considered to be indicative of a slight
trend, not necessarily important. Significance was ascribed to differ-

WSPENCER D. A, JUDGING COQREDR NEAT. Auter. Soe. Anim. Prod. Proe. 1035 H0-13. 14929,
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ences of 0.5 of a grade or more when there was evidence of a consistent
trend. Comments were considered to furnish collateral information
to scores in all comparisons of flavor,

In all groups of chickens—stored, fresh-Irozen, and fresh-chilled—
there appemed to be no relation between weight and palatability.

The only factors which gave evidence of breed differences in the
stored chickens were desir ablhtv of flavor of breast and quality of juice
in thigh samples. At the end of the first year there was practlcalﬂy no
difference, on the average, in the flavor of the breast samples from the
two breeds, but the second and third vears' tests cach indicated a
significant difference in favor of the Barred Plymouth Rocks. Scores
for the thigh samples, on the other hand, did not differ sufficiently to
indieate that the Barred Plvmouth Rocks were preferred in flavor,
although this breed received fewer unfavarable comments. Fresh-
frozen as wall as stored Barred Plymouth Rocks were rated superior
to Buff Orpingtons in flaver of breast samples in 1935, In 1934, also,
the flavor scores (or [resh-lrozen chickens sugeested a preference for
Barred Plymouth Rocks, As shown in the chemiecal studies, the
acidity of the fat tends to increase with storage. Therefore, the Buff
Orpingtons may have dreveloped more of ann undesirable rancid flavor
dupr to a greater break-down of the fat. In quality, or richness, of
juice, a factor direetly related to fatness, thighs of the Buff Or ingtons
were geaded higher than those of Barred Plymouth Rocks in all stored
lots tested in 1934 and 1936, but not in 1935,

The elfect of the temperature of storage on palatability was found
to be signifieant with respeel to desirability of flaver. For this factor
both hreast and thigh samples rated higher each yoenr for the chickens
stored 8t —20° B than for those stored at 0°. Differences 1n flavoer
were not large enough to he significant in the first vear's tests, but they
wore sienificant after 2 and 3 vears of stovage.  The greatest dillerence
in flavor associated with storage tempernture was obscerved after 2
years. Seores for intensity of flavor indicated a slight trend toward
stronger flavor for thigh samples of chickens stored at 0°,

The temperature of storage also aifected desirability of aroma, but.
Joss consistently than it did dmnﬂbllltv of flavor., In the second year’s
tests, breast samples of chickens stored at —20° F. were significantly
more desirable in aroma than those stored at 0°.  In both the sccond
and third vears' tests, thighs rated significantly higher for the chickens
slored at —20°.

Dostrability of flavor and desivability of aroma appeared to be the
only factors influenced by full-drawing. In the breast samples, there
was a slight but consistent trend toward more desirable flavor in the
undrawn chickens. Desirability of aroma also followod this trend,
the difference heing significant in the second year's tests. In agree-
ment with results from hreast samples, thigh samples from undrawn
chirkens averaged slightly Dhetter in flavor than those from drawn
chickens at the end of 1 year in storage. At the end of 2 years, how-
ever, the thighs of drawn chickens were slightly superior in flavor, and
by the end of 3 vears there was a signifieant dilference in favor of
full-drawing. In desirability of aroma the thighs of drawn chickens
were stightly superior on the average in the Tfirst year's tests and
significantly so in the sccond and thixl years.

The length of {he storage period appeared to influence breast and
thigh samples in the same direetion for only three factors of palata-
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bility, namely, intensity of aroma, desirability of flavor, and to a
lesser degree tenderness. On the average, year by year, there was a
slight but consistent trend toward greater intensity of aroma with
longer storage. Desirability of aroma of the thigh meat decreased
significantly during the second and third vears. In both breast and
thigh meat, the desirability of flavor also decreased with longer storage.
In the breast scores there was a slight trend downward and this was
confirmmed by the increased number of unfavorable comments. De-
sirability of flaver of the thighs decreased significantly with an in-
crease in the period of storage. Scores for tenderness of the breast
declined slightly, and by the end of 3 years there was a slight downward
trend in the thigh scores.

Breast scores for quantity of juice suggested that the meat became
slightly drier after 3 years of storage. In quality of juice, thighs
improved as the storage period increased.

The general influence of the period of storage on palatability factors
of breast and thigh samples was substantiated each year by comparison
of the stored chickens with the {resh-frozen and fresh-chilled chickens.
Stored chickens had s greater intensity of aroma and flavor than the
fresh-frozen and fresh-chilled ones, Tn desirabiliiy of aroma and flavor,
stored chickens were inferior to fresh-frozen ones and fresh-frozen to
fresh-chilled chickens.

For purposes of general comparison the most important results of
the palatability studies on the stored chickens are presented in tables
7 to 9.

TawsLe 7.—Compariron of flavor of chickens of different breeds slored for 1, 2, and

2 years
jiWumnbor of chickans, 18 of each breed each year}
H i
I Flavor ! desirablilty; Favorable com- ! Unfavorable comn-
Perlod of of— mentsop— ! menis gl —
storage Breed !
{years) .
Brenst Thigh Rronst Thigh Breast Thigh
I
Number | Number | Nuiber | Number
1 arred Plymouth Rock. ... b 2 S NN, (R I
"""""" Buff Orplogten. ... . § .. ___._. + (IR IR I R
2 Barred Plymouth Rock. .| ++ + 75 17 73 165
"""""" Bufl Org:ngton._... PR SR A, 47 3 108 168
3 Barrad Plymonth Roele, . ++ + 72 26 110 195
"""""" Baff Orplogton .o necan oo e e o 25 130 2Hn

t - =superlority of less than 0.5 grade; 4 =from 0.5 to 6.9 grade, inclusive; +-++ =1 grade or more.

TasLe 8.—Comparison of flaver of undrawn chickens slored at —20° and 0° F. for
1, 2, and 8 years

[Ivamber of chickens, 12 at ench storage tomperaturs esch vear)

Flavor! desirability | Favorable com- Unfavorable com-
‘Tempet- of— ments oti— ments ap—
Period of storage {yoars) atare of
storage

Breast Thigh Breest Thigh Breast | Thigh

Number | Number | Number | Number

26

i%
38
5

! 4 =superiurity of less then 0.5 grade; ++=from 0.5 1o 0.0 grade, inclusive: +++4 =1 grude or more.
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TanLe 9.—Comparison of flavor of drawn end undrawn chickens stored for 1, 2, and

3 years
[Wumber of chlekens, 12 drawn sud 12 undrawn each year|
Flavor! deslrabllity] Favorable com- Unfavorablr com-
Perlod of of— ents on— ments on—
s(turng()a Treatment -
FORLS,
Breast | ‘Thigh Breast | Thigh Breast | Thigh
Number | Number | Number | Number
1 215 ) R UURNS SR R M e
T U ER W, e e + + R PR IR,
- {men . [ + + 15 50 L]
""""""" Undepiaq. . <+ Cee ian 49 15 52 104
2 {men B N G = al 7 102
"""""" Unedrawn, oo e 4 rmma———— i 12 68 136

!V msaperioricy of leoa than 0.5 grade; 4+ =Irom 0.5 to 0.0 grade, inclusive; -4 =1 grade or more.

SUMMARY AND CONCLUSIONS

This experiment was conducted from 1933 to 1936 by the Bureaus of
Animal Industry, Agricultural Chemistry and Engineering, and Home
Feconomies and the Agricultural Marketing Service, of the United
States Department of Agriculture, in cooperation with the Institute
of American Poultry Industries. Fatsened, plucked cockerels repre-
senting light and heavy birds of two breeds, Barred Plymouth Roclk
and Buff Orpington, were used. These birds were frozen and stored
in wooden boxes at 0° and —20° F. under the usual conditions of
freczing in refrigerators, A comparison was neot made with birds held
after they had been frozen under the methods of quick freczing.

One-half of the cockerels stored at the lower temperature were
drawn. All those stored at the higher temperature were undrawn,
After 1, 2, and 3 years in storage, representative carcasses, together
with fresh-chilled and fresh-frozen onces, were examined to deterntine
the effect of the experimental conditions on their quality.

The loss in weight during storage was much higher at 0° than at
—20° F. The drawn birds lost more in weight than the undrawn
ones stored at the same temyperature though the differences were some-
times slight.  The loss in weight was approximately the same after 2
years of storage as after 1 year, but was higher after 3 years,

The external appearance of the dressed birds, as indicated by color,
bloom, condition of skin, and degree of {reezer burn, was adverscly
affected by increased length of stornge. This effect was much more
marked at the higher storage temperature,

The amount of glucose in muscle tissue and the acidity of the intra-
peritoneal fat tended to inercase with the length of storage. The
results of the other chemical determinations—ineluding moisture in
breast muscle and skin, acidity, glutathione, amino nitrogen, and
proteinase activity of the nqueous extract of muscle, and proteinase
activity of the glycerin extract of muscle—were not affected by the
conditions of the experiment.

Considerable numbers of bacteria remained viable in the muscle
tissue after 3 years of storage. Anacrobic organisms were present
in a smaller pereentage of the stored birds than of the fresh birds.
However, there was no indication that the bacterial counts were
affected by any of the conditions of the experiment.
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Light birds required relatively more time for cooking and lost
relatively less weight in cooking than the heavy ones.

The palatability of the birds stored at —20° F. was rated better
than the palatability of the birds stored at 0° F. The differonce was
greater after 2 and 3 yeors of storage than after 1 year. The higher
rating was due to a greater desirability of flavor and aroma. There
were tlso more favorable and fewer unfavorable comments by the
judges on the flavor of the ment of the birds stored at the {owor
temperature than at the higher one. The intensity of flavor was
higher in thigh meat of birds stored at the higher temperature. The
desirability of flavor and aroma was rated better in the breast meat
of the undrawn hirds, but after 2 and 3 years of storage the thigh meat
rated lower in these respects. The desirability of aroma was slightly
better in the drawn birds after 1 year of storage and significantly
better after 2 and 3 years than in the undrawn birds. The intensity
of aroma increased and desirability of flavor decreased with length of
storage. Tenderness also tended to decrease with inereased storage.

It is concluded that temperatures as low as —20° F. are more
favorable to the maintenance of quality in dressed poultry as shown
by external appearance and pelatability. Drawing apparently has
hittle effect, either favorable or unfavorable, during customary periods
of storege, but during more prolonged periods palatability of the thigh
meat of poultry is affected adverscly if the birds are not drawn.
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