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Brine Immersion Cooling and Freezing
of Ready=to~Cook Poultry

This Method Speeds Up Cooling Time for Packaged and Unpackaged Poultry, and
Simplifies the Handling Operation, Particularly for Freezing

W. B. Esselen, A. 8. Levine and 1. J. Piing

N the production of wholesome,
I fresh and frozen ready-to-cook

poultry, the imporiance of rapid

coaling to remove hody heit is gen-
erally recopgnized. Methods of conl-
ing in eommercial uge include ice
chilling in a tank of slush ice and air
chilling in a refrigerated room with
moderale air currents. Regulations
af the United States Department of
Apgriculture (1851) call far an in-
ternal temperature of the carcasses
of 86 1o 40 F within 24 hours.
Freezing rooms should be equipped
io fresze ready-to-cook poultry =olid
in less than B0 hours at temperatirea
af —10 to —0 F,

The ohject of the present inveati-
ration was to stndy the feasibility of
using brine immersion fo cool pack-
aged warm eviscerated ready-io-
cookk poultry to 40 F and freeze it
Such proeedurcs, invelving packag-
ing prior to cooling and combining
the cooling aund freezing operations
in one step, are appealing from the
standpeint of (1) mirimizing eon-
{amination of poultry during han-
dling operations, (2) raduction
of overall handling and Iabhor cnsts,
(8) more rapid conling than is rea-
lized hy a slush ice or air chilling,
and (4) eliminatieon of a leaching
of flavor from poultry during slush
ice cnoling as has been anggested by
Pippen® (19853). Such chilling would
result in leas shrinkage as compared
te the air hlast system, and alse it
should result in more uniform cool-
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Fig, 1, Chilling and freezing rates of pack-
agred broilers in different cooling media.

ing and a higher quality end product
compared to the variable results as-
sociated with tank conling methads.
In addition, it is believed that im-
mergion ecooling methods should make
for a mare eifective utilization of
refrigeration equipment.

Review of Literature

Much has been published on the
cooling of poultry. In this paper
only a selected portion of the Iif-
erature will be cited in order to show
the means available for chilling
poultry end the problems involved.
Sweet and Stewart™ (1942) de-
scribed a method of chilling poultry
by means of a brine spray. When
brine at 20 I was used, chickens and
turkeys were chilled in 256 to 85 per-
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Fig. 2. Chilling and cooling rates of differ-
ent weight classes of packaged poultry in
brine at —20 F,

cent of the time required in air at
a5 F.° Stewart, Hanson, and Lowe?
(1943) employed hrine spray (Zarot-
schenzeff process) at —h B 1o freeze
dressed ponltry. They found that
hirds which are brine spray frozen
within five hours after dressing
cenld be stered up to six months he-
fore eviacerating with good reten-
tion of appearance.

The [reezing of poultry has re-
cently been reviewed by Koonz®
(1952) and Goree* (18533. It was
pointed out that the air hlast system
with an air temperature of ahout
—30 F was commonly used. Mens-
ing and Morris® (1953) reporied ice
chilling of broilers could be hastened
by pumping air through the slush
ice in cooling vats. More rapid ehill-



ing was aaid to he a major step in
the production of more nniferm, het-
tar quality poultry. A =n-called
“jet-freezing™ gvstem was described
by Bimons® (1953). This aysiem
of air freeming was originally ds-
viged to increaze frecring efficiency
and freczer capacity for poultry.

Baker* (1968) found that the rate
of freezing had an Importani bear-
ing on the color and appearance of
frozen turkeys. Rapidly [rozen birds
were light in color and allractive
in appearance. The birds were
nropressively darker in color as
freezing temperatures were raised
fram —20 to 0 and 5 F. He recom-
mended. that turkeys he frozen at
a temperature as low as —20 ! with
good air circulation, Dunker and
Hankins® (1958) showed that the
freezing rafes of meat were gig-
nificantly affceted by the {iype of
wrapping material uged. Some wrap-
ping materials were found to re-
duce the freezing rates as much aa
B0 percent.

Experimental

Preparation end Pockeging  of
Poultry—The classes of poultry used
in this invesligalion are summarized
in Table 1.

Tuable 1. Classes of Poultry Used

Rendy-ta-coak
|, wweigat rauge
Class Mibimem  Mazinum

Broilers, New Hampshire 11b 1oz  31b 130z
Fowl, & Ee Zl: 1502 51h 12az
Htags, " “ 4h %oe 71b 6oz
Youniz ben turkews, Bronze 91 20z I31h loz
Matare tom turkeys, * 221 271 9z

The hroilers, fowl, and staga were
obtained from a nearby poultry
grower and processor, The chickens
were killed, sealded at 126 F, and
the feathers removed at hiz poultry

of the breast and thigh. Thermo-
couples were located in each of these
\ gections of cach bird tested. In the
paclkkaged birds the thermoecouples

were located at the inside surface
of the body cavity, and in unpack-
a\ aged birds the thermoeouples were
\ \ lecated midway between ithe inside

o ‘\ {urkeys were in the thick portien
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and ouigide walls of iha bird ut tha
arens of slowest cooling.
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\ \ w‘” v The packaged birds were packed
}\ in meigture-vapor resistant® bags.
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Two tihermocouples were passed
thraugh a hole cut in the hotiom
of the bagr and were lacated in the
varcazs of the bird, which was then
trussed with string. The hird was
then placed in the bhag, Portions of
the bag at the botiom, where the
thermocouples were introduced, were
w5 = wrapped around the lead wires and

FEMARATURE OF (OGS SEDTN (o7 sealed with a metsl clip. The bag
was then vacuumized, sealed, and
ghrunk in the nsual manner. In the
unpackaged birds, the thermocouples
were sot in pogition and held in place
by the trussing string.

Chilling and Freezing Methods—
The equipment employad in making
the chilling and freezing tests con-
gisted of an insnlated reetangular
gteel lank (100-gal capacity), & re-
frigeration unit, a 24-point indicat-
ing polentiometer, a G-point record-
ing potentiometer, and a resistancc-
fype temperature controller. The
tank was equipped with perforated
pipes in the hottom to permit air to
be bubbled through the cooling me-
dium ta assure good ifemperature
distribution. An cvaporation coil
was located above the perforaied
air pipes to provide the necessary
refrigeration. The coil was con-
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Fig. 3. Tima per pound of bird to cool to
40 F in different cooling media.

plant. The dressed birds were then
immediately brought to the labora-
tory wherd they were eviscerated.
The turkeys were killed, dressad, and
eviacerated at a mearby turkey farm.
Tmmediately after heing evisceratad,
they were placed in insulated con-
tainers and hrought to the lahora-
tory. These handling procedures re-
sulted in a minimum loss of hody
heat prior to paekaging and caol-
ing.

The temperature of the bhirds dur-
ing cooling and of the cooling mc-
dium was measured at b-minute in-
tervals by means of 24-gage copper
constantan thermocouples and a 24-
point Brown Indicating Electronik
Potentiomeler. Preliminary Llesls in-
dicatéd that the poinls of slowest ~ An oricnted plastic flm copdlymer of vingli-

. p T . . dene chlorid d viayl chloride, supplied 1
cooling in broilers, fowl, sfags, and newey"&”}&yﬁy ?hemﬂgfr::f, ?:ﬁ.‘m%'rm“é‘é’,"ﬁéag. <

Table 2. Chilling and Freczing of Pouliry in a Liquid Medium

N Timg Time
Reddy-to-cook weipht ko eltll  to freeze
No. of Avwg Biwm Mus o0, wlil,
Poulivy bivds b 7] i wn 14 ar Parckaging * Cocling madium MR Py
Broiler aaeseoeemisaviiesg 10 4 2T 1 1514 2 &34 packaged 33 F sloshice o3 =
Rroiler ik 10 a 'l;j 1 10 2 7 unpaciaacd 33 K singh iee 50 A
Brojler i0 2 ﬁ% 2 214 i 12 packaged 33 E warer i0% —
Broiler 10 2 GY 2 2% 2 1115 wunpackoeerd 33 F water 60 —
Broiler 11 2 3 2 Z Z 1034 pnnknﬁcg 23} I! hrine 70 —_
Broiler . .... n 2 4 1 12 2 11 unpaclaged 23 Fbrine a7 —
Brodler ..o oo 10 2 2 1 1114 2 iy vackaged {1 F lirine 42 135
Brollol  ccnmoimiamon soams 14 2 134 1 1314 2 6Ly unpackari;e-l 0 ¥ hrine 24 5
Broller  vvirimmemer e T 2z 141z 2 8 K} 13 packagen —20 F brine 33 85
Droiler ... 10 Z 1114 2 5 3 114 napackaged —~20 F brine 14 s
Fowt 10 4 140 3 [ 5 1214 pnckaie 33 F elush ice 190 —
Fowl mn 4 3 14 4 18 unnackaged 33 F slush iee o e
Fowl 10 4 71 3 i3 L} 8 packaged 33 ¥ water 105 =
Frey] 10 4 k3% 3 14 -] 12 unpackaged A3 F water 100 e
Foswl 10 3 i0 2 1515 4 254 paclaged A3 F brine 108 —_
Fow| 10 3 .7 . 2 15 C4 14 unpackaged 23 F brine Ja —
Stags 10 6 234 5 H f 1414 package 33 F slush ice 220 —
Stags 10 5 13 5 4 7 1] unpackaged 31 T slush ice y5 —
Stags 10 & Ta H] 614 & 1314 packaged 33 F waler 235 —
Shpes ... T g 14 4 11 6 13 unpackaged 33 F water 135 —
&rags L. 10 5 1534 5 544 7 4 packaged 23 F brine 165 —_—
.7~ — 19 B 4-1/‘2 4 014 H 2 impackaged 23 F brine 55 —_
Young hen turkey . 10 11 7 9 2 13 1 package 0 I brina 215 500
Young len turkey . - n 11 7 g 2 12 7 unpackaged 0 T brine 110 280
Young hen forley ......... 10 11 14 11 12 13 patleaged —20 F brine 1610 290
Yourg hen torkey ... ... .. 10 12 114 11 [} 12 15 unpackaged —20 F hrine &0 140
Marure tem turkey ........ H 23 13 22 W% 27 ] pankaged —20 F brine 208 425

* All packaged poultry were packed inla moisture-vapor resislant hegs which were vacttumized, clip-sealed, and shrunk by dipping inte waber at 208 F.
Unpackaged poultsy were 10t wrapped in any waterial bie were placed directly i the cooling medium,



nected to a Freon-12 condensing unit
located adjacent to the {ank. A tem-
perature contraller was used to main-
tain the bath temperature for the
23 0, and —20 F iests. Calcium
chloride brine was used as the cool-
ing medium for tests below 32 F.
The top of the tank was covered and
insulated with a blanket.

Testa Conducled

Time to Chill o 40 F end Time
lo Freese to 16 F—Ten packaged
birds and ten unpackaged birds of
each class of poultry except the ma-
ture tom turkeys were employed in
each test as summarized in Table 2.
Five packaged mature tom turkeys
were also used in each experimental
variable. Chilling and freezing data
were obtained for bhroilers, fowl,
stags, young hen turkeys, and ma-
ture tom turkeyzs in the following
cooling media: (1) slush ice at 33
F; (2) water at 33 I'; (3) bhrine
at 28 T'; (4) brine at 0 F; and
(b) brine at —20 F.

Data were not obtained for each
weight class of poultry under all
vonditiens. Iowever, an effort was
made to cover extreme conditions.

Temperature Fguelizalion — In
order to determine the practicability
of chilling packaged poultry in —20
F brine for a short {ime, followed
by holding under refrigeralion at
836 T until the hirds were cooled to
40 I, the following technigues were
employed: Broilers, young hen tur-
kevs, and mature tom turkeys, in
sets of five birds of each class, were
packaged in plastic bags and held
for varying lengths of time in brine
at —20 FF. Three sets of brailers
‘were immersed for 4, 6, and 15
minutes; three sets of young hen
turkeys for 20, 45, and 80 minutes;
and three gets of mature fom tur-
keys for 80, 46 and 60 minutes re-
spectively. TUpon removal from the
brine, the birds were ringed with
cold water, placed in fiberboard car-
tong, and held in & 86 F walk-in
refrigerator until no further cooling,

. attributable lo the chilling at —20
F occurred. Each of the sets of
five broilers was held in a flat ear-
ton of 6-bird capacity. The turkeys
were held in individual cartons. One
set of broilers and a set of young
hen turkeys were not boxed and
were used as controls for this phase
of the test.

Results and Diseussion

A summary of regults obtained in
thiz investigation ig presented in
Tables 2 and 8.

Results of the chilling and freez-
ing tests for the various clasges of
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Fig. 4. Cooling rates of different weight

clagses of packaged poultry chilled in brine

at —20 E then held in refriperator at
36 F in cartons,

poultry studied are summarized in
Tahle 2. Dala presenfed represent
those obtained with 1he slowest
cooling bird in each instance. These
results are presented graphically in
Figures 1 and 2. )

The poultry in each weight class,
packaged in the maisture-vapor re-
sigtant bags, cooled more slowly than
did the unwrapped hirds. This dif-
ference in cooling rates is attributed
partly to the faet that in the un-

in attaining 40 F body temperalure
rapidly., It should be pointed out
that, because of the use of caleium
chloride to lower the freszing point
in the medium, immersion of un-
wrapped birds would preseni the
problem of removing the ecaleinm
chloride brine from the surface and
cavity of the hird, Until proce-
dures are developed for complete re-
moval of caleium bring, it seema un-
wise to cool nonpackaged hirds in
calcium chloride brine,

Puring the course of thcese in-
vesligations, ecareful observations
were made on the effect of this
method of cooling in brine on the
packages, No failures of the pack-
agey were noted on approximately
200 birds that were =0 packaged.
This is noteworthy hecause each
bag had te be cut and resealad at
the boitom to accommaodate the
thermocouple lead wires. Alsn, ma
special care was taken to prevent
rough handling during the parkag-
ing and cooling operations, Ixten-
give taste fests conducted on many
of the birds showed no cvidence of
off-flavor cnused by the brine. It
would thus appear from these rec-
sults that brine cooling weuld pro-
vide an effective means of removing
body heat (rom packaged hot evis-
varated poullry.

. In thoge sludies where the birds
were left in the lower temperature

Table 8. Cooling Rates of Packaged Broilers and Turkeys Chilled in Brine a1
—2( F, Then Held in Refrigerator at 36 F in Cartons®
) Time for
iemp fo
cynwalioe
. Time  dwving Egqual- Timele
Reedy-to-cosk weight at halding ieation chili
No.of  Avg Min Mar =0T, at 36K, temp, toedpF,
Poultry birds b as i b om min Hif E dEA
Hroiler 5 3 15 - 3 4 4 4 195 4914 —
Broiler -] 3 7 2 a 1314 B 170 41 2003
Broller? | 5 3 diz 3 4 4 5 210 43 —
Broiler 5 3 ks i 3 4 4 15 140 33 73
Young hen turkey. ... 5 11 18§ 9 12 4 21 270 4914 =,
Young hen [ukey %, ., 5 i1 5L4 nm 1 11 1§ 20 270 49
Yoong hen turkey, ... 5 11 (1% 11 — 12 2 45 323 33 a5
Young heo turkey. ... 5 il 1135 11 12 4 80 328 32 140
Mature totn turkey. .. 5 23 4 22 20 9 30 8O0 41 -
Mature tom turker. .. 5 24 74 23 25 14 415 TE0 r S40
Mualure tom turkey. .. 5024 115 a3 A5 4 &N 760 34 335
? Broflers in fiberboard cartons of 6-bird capacity; turkeys in individual eartona.
3 Estimated time, 9 Not in cartons,
wrapped birds the cooling medium brincs long enough to freeze

in the hody cavity is also very effec-
tive in heat removal, whereas in the
packaged birds cooling was only
from the outside of the bird. For
a given cooling medium and bird
class, it took from about two to
three times as long te chill the pack-
aged birds as the unwrapped birds
te 40 F. However, if one regards
these data in the light of present-
day poultry chilling practice, which
is the use of alush ice, the packaged
poultry chilled in low temperature
brines compares quite favorably with
unwrapped birds in 33 T slush ‘iee

throughou!, a eareass temperature
of approximately 15 F was taken as
the end point in the freezing time
determination. Here again, it took
approximately twice as long to
freeze broilers and young hen tur-
keys in the plastic bags as it did
the unwrapped birds. But it tock
anly five hours to freeze packaged
12-pound turkeys in —20 F brine.
This iz in marked contrast to the
upwards of 60 hours required in
some air (reszing operations. Again,
the major consideration iz not the
packaging, but the comparison of



the relalively rapid brine conling
technique as compared with the
present commercial practices of
slower freezing in air. It appears
that a one-step operation for coal-
ing and freezing saviscerated hirds
woiild result in some noticeable gay-
ing in time, lsbor, and handiing.

These investigations on cooling
and freezing rates have yiclded con-
giderable dafta which, while infer-
esting and ugeful, rcguire a com-
mon bhasis for comparison and appli-
cation in practice. Snch a compari-
son ean readily he made from Figure
8, which presents the data graphical-
Iy on the basis of time to chill to
40 F per pound with coouling me-
dia of different temperatures. In
most cases rather good agreement
wus obtained for the different
weight classes of poultry in a given
cooling medium. Tn using this curve
the time required per pound of bird
tn cool to 40 1 needs only to be
multiplied by the weight of the bhird
to arrive at the total cooling timec
required for a bird of given size.

In order 1o arrive at freezing
times per pound of packaged bird,
data for broilers, young hen Lurkeys,
and mature tom turkeys [rozen in
brine af —20 F were analyzed. The
time for the slowest cooling hird
was taken as {he lime required per
pound of bird lo remave body heat
and freeze to 15 ¥, Although there
was goma variation in the freezing
time for different sizes of birds, the
results obtatned indieate that the
freezing time per pound of bird sub-
merged in —20 F brine is in the
pange of 20 to 30 minnies.

From the data summarized in

Table 3 and from the cooling rate
curves shown in Figure 4, it ap-
nears that chilling eviscerated, pack-
aged pouliry in —20 T hrine, fol-
Towed by holding at 36 I' {normal
rafrigerated codd room), offers a
rapid and effective method for re-
moving body heat from poultry prior
tn freewing or distribution {o the
fresh market. On the basis of these
data, chilling times in —2¢ F brinc

" of 6, 35, and 40 minonfes for ready-

to-coolt broilers, 12-pound ready-to-
eook young hen turkeys, and 22 to
27-pound ready-ito-cook maturs tom
turkeys, respectively, followed by
holding in a relrigeraler al 38 F,
should provide adeguate chilling.

Conclusione

Chilling and freszing rate data
were obtained far packapged and un-
packaged pouliry ranging in size
from chicken brailers to stags, and
from young hen furkeys to mature
tom turkeys conled by immersion in
varioua ligquid media at tempera-
tures ranging from 33 to —20 I.
Trata showing the time required per
pound of hot cvizecrated, packaged
hirds to chill o 40 F are also pre-
sented.

In general, the freezing time per
pound of packaged resdy-to-cook
birds immersed in —20 F brine is
in the range of 20 to 30 minules.
Thus, in —20 F caleium chloride
brine, actual freezing timea to 15 F
obaerved lor hot eviscerated, pack-
aged broilers, 12-pound turkeys, and

25-pound  turkeys were approxi-
mately 1%, 5, and 7 hours, reapec-
tively.

Chilling packaged, ready-to-cook

poultry in —20 F brine, followed by
holding in a cold room at 36 F, of-
fers a rapid and ceffective method of
removing the body heat prior to
freezing or distribuiion as a fresh
product. Immersion times in —20
F brine of 6, 85, and 45 minules,
[or broilers, 12-pound turkeys, and
22 {o 27-pound ready-to-cook tuor-
keys, respectively, are indicated.

Immersion brine cooling pravides
an effective means of removing the
hody heat fram and freezing pack-
aged, ready-to-cook poultry. In prac-
tice, this process eould be carried
i in one operation,
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