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INTRODUCTION

During the first ten years of this century, meny cities
and states passed laws which made it unlawful for dressed
poultry containing the viscera to be sold. These laws were
passed because public health authorities telieved that bac-
teria penetrated the walls of the intestines and contaminated
the flesh. The packers maintained that drawn poultry was
less attractive and deteriorated much more repidly then un-
drawn poultry.

The laws mentioned above were never enforced to any
extent. As a result, packers continued to sell their poultry
without removing the viscera. Recently, a few packers have
been marketing & small quantity of fully drawn poultry. This
practice is growlng very rapidly; however, the great bulk of
dressed poultry is still merketed undrawn. Vhether it is
better to market poultry in a d:awn or undrewn state is still
much discussed among packers. _

From a bacteriological standpoint, a review of the 1lit-
erature indicates that little has been done concerning the
relative keeping quality of drawn and undrawn poultry.
Neither does the literature show that any extensive work has
been done to ascertain the storage temperature that best
controls bacterial growth on dressed poultry. Since poultry

is such an important food product, more knowledge is needed
on these subjects. The purpose of this problem is to study
the development of baeteris on drawn and undrewn poultry,



soperebures were used beesuse
they were the ones svalleble. fhe refrigeralting mechine
vas thernosteticuly controlled which mede it possible to

keep the birds st a uniform temperaturs.



REVIEW OF LITERATURE

Lochhead and Landerkin (14), in 1935, examined 144 birds
which were stored at 30° and 32° ¥, They found that birds
acquired a surface odor before there was any apperent decom-
position or any significant increase of bacteris in the muscle
tissue examined. OSurface odor appeared when the bacterial
count reached approximetely 2,500,000 per square centimeter.
Birds held at 32° ¥. acgquired an odor at four weeks. Those
held at 30° F. acquired an odor at five weeks. The predom-
inating types of bacteria developing on the skin during
storage were of the genera licrococcus, Flavobacterium, and
Achromobacter, six species being described, all cold-tolerant
rather than cold-loving.

ixperimenting with Long Islend Ducks, Heitz and Swenson
(10) found that the bacterial count, after six months storage,
was much greater in semples taeken from ducks frozen by the
slow freezing process than by the quick freezing.

In 1933, Haines(7) found that organisms divide them-
selves into two groups, those having coptimum temperatures
for growth at 37° C. ceasse growth, or grow very slowly, in
the range plus 5° to 0° C. Those organisms which heve an
optimum temperature for growth around 20° C. ususlly grow
well at 0° C. Most strains of Pseudomonss end Achromobacter
grew slowly at a 2° C., but not below. One strain of
Pseudomonas grew, however, at -5°C. in ten weeks on super-

cooled agar.
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PREFARATICN OF THE FOWL FOR EXPERIMENT

Since this experiment deals with the problems of com-
mercial poultry, only the best grade fowls, secured from a
near-by packing plant, were used. They had been dressed by
the semi-scald and wax method. In order to secure a repre-

sentative sample, the birds were chosen from a large group

of fowl which had been dressed by the regular plant procedure.

They were packed in boxes and transported to the refrigerator
in the Oklahomas Agricultural and Mechanical College Foultry
Plent, and held over night at about 35° F,

The semi-sceld and wax method consists of hanging the
birds on an endless chain, which takes them through sll the
different steges of dressing. First, they are killed and
carried through the scalding vat. They are now ready to be
roughed, which means the removal of the major portion of the
feathers. They are thoroughly dried in a drying tunnel, so
that the wax, in which théy are immediately dipped, will
adhere to the feathers. They pass through a spray of cool
water which bardens the wax. ¥%hen it is thoroughly hardened,
it is brcken and peeled off. With the wax comes the remain-
ing feathers, the down, and the pin feathers. Finally they
are rinsed and hung on a rack to dry. After drying for 15
minutes, they are pleced in the chilling room.



TABLE I
Time Regquired For Each Step And The Temperature

0f Each Operation In Preparing Fowl For Experiment

a—— LI = - t__nr—-?—

Scalding vat 35 seconds 129° ¥,
Roughing 4 minutes 75" ¥.
Drying & minutes

Dipping in wax 5 seconds 129° F.
Spraying to harden wax 6 minutes . 75° ¥.
Peeling off wax 5 minutes 7° 7.
Spraying with tap water 30 seconds 75° ¥.
Total dressing time 33 minutes

Drying carcass 15 minutes 75° ¥.
Chilling room 2 hours 36° F.
Trensporting to Ref. 1} hours 80° ¥.

About six hours elapsed from the time the birds were killed
until they were placed in storage.

A total of 186 birds was secured. Six birds were ex-
amined while fresh. ZEighty-four of the remaining 180 birds
were drawn, After drawing each bird, the hands and apparatus
were washed with socap ané rinsed with sterile water. The
birds were then divided into 4 lots. #Hach lot was divided
into groups of six and placed in storage in such a manner
that six birds from each lot could be removed every ten days

for examination.



Lot 1 contained 42 drawn birds; Lot 2 contained 42
undrawn birds; both lots were stored at 5° ¥, Lots 3 ané 4
contained 48 drawn and undrewn birds, respectively. These
lots were stored at 38° F,

The precautions in the drawing of the birds and the
wrapping in sterile cellophene bags were necessary in order
that the gualitetive test for bacteria would be as nearly
representative of commercial conditions as possible.

In order to allow more time for the handling of the
birds at each sanmpling period, cne day was allowed to elapse
between the securing of the birds stored at 5° F. and those
stored at 35° F,



TABLE 1IX
The Division Of The Fowl Used

Lot Fo. Storage Drawn or Ko. in Groups in each
Tcmg. Ugrag sach lot, lot,
Lot 1 s° ¥, Drawn 42 A B CDETF G
Lot 2 §° F. Undrawn & I FEXLEDR
Lot 3 35 ¥, Drawn_ 48 AA BB CC DD EE FF 0G HH

Lot 4. 35° . Undrewn 48 II JJ KK LL MM NN 00 FP




PRELIMINARY STUDIES

Considerable preliminary work was done to determine a
technique which would be suitable for evaluating the bacterial
changes occurring in poultry stored at 5° ¥, and 35° F.

Tests were conducted to determine the best means of
dislodging the bacteria from the akiﬁ and abdominal tissue.
Three general methods were tried. The first consisted of
shaking the sample for five minutes in a 200 cc Erlenmeyer
flask containing 20 cc of sterile distilled water and 75
sterile glass beads, The second method Was to grind the
sample for five minutes in a mortar containing a small amount
of sand and water. The last method tried was identical with
number one except broken glass was used instead of glass
beads., The first method was considered best for this problem
because it consistantly gave a higher and more uniform count.

Baeoterial counts were mace from a square centimeter of
skin taken from the breast, back, thigh, and rump. A com-
parison of these counts confirms the work of lLochhead and
Landerkin(14) who found that the counts from the thigh were
generally higher than those from other locations of the body.

Tests were also conducted on poultry which had been held
at 5° F. and 35° ¥. to estimate the dilutions which should

10

be plated. It was found that samples taken from poultry stored

at 35° §,, due to the large number of bacteria, required

& much hlgher dilution than samples teken from poultry stored
at 5° ¥,
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METHODS OF SAMPLING USED IN THIS EXPERIMENT

Skin samples were taken from one group(six birds) of
each lot every ten days. BEach skin sample wes composed of
four square centimeters of skin from each bird. These pleces
of skin were taken from the breast, back, thigh, and rump.

Sterile tin squares, exactly one square centimeter in size,

were used to measure these pieces of skin., The samples were
cut with razor knives and transferred with sterile forceps

to a 200 cc Erlemmeyer flask. Each flask contained 20 ce

=

Fhotograph showing where one square
centimeter of skin was removed

sterile distilled water and 75 glass beads, After transfer-

ring the samples to these flasks, they were shaken for five

minutes, Care was taken to shake each sample in as nearly
the same manner as possible. The proper dilutions were then

made and duplicate plates prepared from each dilution.






TABLE III

Dilutions Used For Skin Samples On Birds

Stored at 5° ¥.

Days stored
when sempled Dilutions
0 1-100 1-1,000 1-10,000 - 1-100,000
10 1-100 1-1,000 1-10,000 1-100,000
20 1-1¢0 1-1,000 1-10,000 1-100,000
30 1-100 1-1,000 1-10,000 1-100,000
60 1-1060 1-1,000 1-10,000 1-100,000
TABLE IV

Dilutions Used For 3kin Samples On Birds

Stored at 35° F.

Days stored

when samp, D@igtlone
o 1-100 1-1,000 1-10,000 1-100,000
10 1-1,000 1-10,000 1-100,000 1-1,000,000
20 1-100,000 1-1,000,000 1-10,000,000 1-100,000,000
30 1-100,000 1-1,000,000 1-10,000,000 1-100,000,000
40 1-100,000 1-1,000,000 1-10,000,000 1-1C0,000,000
50 1-100,000 1-1,000,000 1-10,000,000 1-100,000,000




Immediately after the skin samples were taken, abdom-
inal samples were taken from the drawn birds. Each abdom-
inael sample was composed of 2 grams of the abdominal muscles,
Obliguus abdominis externus, and Obliquus abdominis internus.
The samples were taken by weight because it was found that
a more specific amount of surface could be measured by this
method. In all calculations, abdominal samples were reduced
to .5 gram because this weight, by experimentation, was
found to be the egquivalent of 1 square centimeter of surface.
Each sample was transferred to a separate flask and given the

same treatment described for the skin samples.

L

View of the Laboratory and a Portion of the
the Equipment Used.
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Kutrient agar, having the following constituents, was
used.
100C cec distilled water
é grams beef extract
lq grams peptone
5 grams of sodium chloride
17 grams Agar agar
After ad justing the pH to 7.2, the media was sterilized by

heating in an autoclave 2t 15 pounds pressure for 30 minutes.

The final pH was 7.0

15



TABLE V

Dilutions Used For Abdominal Samples

On Birds Stored At 50 F.

Days stored
when sampled Dilutions
0 1-100 1-1,000 1-10,000 1-100,000
10 1-100 1-1,000 1-10,000 1-100,000
20 1-100 1-1,000 1-10,000 1-100,000
30 1-100 1-1,000 1-10,000 1-100,000
60 1-100 1-1,000 1-10,000 1-100,000

9T



TABLE VI

Dilutions Used For Abdominal Samples

On Birds Stored At 35° ¥,

10

20

30

40

50

1-100

1-1,000

1-100,000

1-1,000,000

1-10,000,000

1-10,000,000

1-1,000

1-10,000

1-1,000,000

1-10,000,000

1-100,000,000

1-100,000,000

1-10,000 1-100,000
1-100,000 1-1,000,000
1-10,000,000 1-100,000,000

1-100,000,000 1-1,000,000,000

1-1,000,000,000, 1-10,000,000,000

1-1,000,000,000 1-10,000,000,000

4t



RESULTS AND DISCUSSION

Birds stored at 5° F.

The results obtained in this problem plainly indicate
that from a bacteriologicael standpoint, there is very little
difference in the keeping quality of drawn and undrawn poul-
try, when stored st 5 ¥, The undrawn birde tend to have &
higher nuzber of bacteria on the skin at all the different
storage periods.

TABLE VII
Average Number Of Bacteria Per Square Centimeter
On Poultry held at 5° F¥.

Days stored Skin Skin Abdominal
(undrawn) (drawn)

0 292,800 292,800 207,000

10 444,000 239,000 194,000

20 589,000 184,000 60,000

30 376,000 174,000 59,000

80 97,000 89,000 52,000

By the tenth day, there was & noticeable increase of
bacteria on the skin »f the undrawn bird. At the same
sampling period, the bacteria on the skin of the drawn birds
slightly decreased. A plausible explanation for the increase
end decrease in bacterie seems tc be the difference in the
time required to freeze the drawn and undrawn birds; the

additional time required to freeze the undrawn birds may
have permitted bacterial growth to continue for some time

18
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after the birds were placed in storage. It seems likely
that the drawn birds, due to the removal of the
viscera, would be frozen quickly enough to prevent any fur-
ther multiplicetion of bacteria.

The general decline in the bacterias on all birds sam-
pled throughout the experiment agreed with the work of Berry
and Magoon(2) who found that cold produced a germicidal effect
on bacteria, ‘

kierococcus and Achromobacter were the predominating
type of orgenisms until the 60th day. At this time, & spread-
ing type, which was not identified, appeared in greater num-
bers than kicrococcus and Achromobacter. The explanation
for this is not attempted; however, on Masy 290 and 30, the
temperature in the refrigerator raised to esbout 25° ¥, This
mey offer a solution, Certain bacteria (7) continue growth
several degrees below freezing, while the same temperature
may be highly destructive to other types. Therefore, it is
altogether possible that one type of orgenism mey have
multiplied or at least withstood the temperature of 25° F.,
while the other types mey heave been killed.

At the end of sixty days, all of the birds were in
excellent condition. The undrawn birds were slightly darker

ir appearance, otherwise there was nc noticeable difference.
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TABLE VIII

Statisticel Analysis of Birds Stored At-so F.
(Analysis of Verience)

e e e el

Degrees of Sum of kean

Souree of variation Freedom Squares Square
Total 89 2,280,624

Within sub groups 75 776,080 10,347
Between drawn, undrawn

and abdominal 2 581,979 280,989
Between times stored 4 629,521 157,380
Interaction 570,479 46,309

8
e methods used for the statistical anelysis
of this problem were taken from Smedecor(z5)

The difference in the number of bacteria botun‘n drawn,
undrawn, and abdominal samples was highly significant. The
difference in the number of bacteria st different times
stored was also highly significnnt. However, the actual
number of bacteria present on any of the birds at any time

was 80 small that there was no difference in outward appear-

ance.



This picture shows three drawn birds which were stored for
50 days. Bird No. 2 was stored at 35° F Bird No. 1 was
stored at the same temperature as No. 2, but was washed to
remove the mold., No. 3 was stored at 5 F,

e i e i

¢

!
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H
This pieture shows three undrawn birds which were stored
for 50 days. Bird No. 2 was stored at 35 ¥F. Bird FNe. 1

was stored at the same temperature es No. 2, but was washed
to remove the mold, No. 3 was stored at 5° 7,



Birds stored at 35° F,

The number of bacteria on the skin end in the abdominal
cavity mounted steadily for fifty deys on the birds stored
at 35° F. The deterioration had reached such & stete on
this day that further tests were considered useless.

TABLE IX
Average Number Of Bacteria (000 omitted) per square
Centimeter On Foultry Held At 35° F,

skin Skin
Da stored wn Abd
0 292 292 207
10 52,663 51,208 40,196
20 41,875 79,473 471,533
30 74,750 66,187 18,925,000
40 240,000 231,000 44,375,000
50 G 518,000 347,500 48,691,000

All of the birds sempled on the 10th day were in falr
condition., There was considerable darkening of the flesh
but no noticeable odor had yet appeared. There was no appre-
ciable difference in the general appsarance of the drawn and
undrawn birds.

On the 20th day, both drawn and undrawn birds had an

objectionable odor. The general appearsance of all of these
birds was poor. Considerable mold was growing on the skin
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and in the abdominal cavity. The undrawn birds were edible;

however, the excessive mold growing in the abdominsl cavity
of the drawn birds made them unfit for human consumption.
During the remaining pericd of study, the bacteria and mold
continued to grow rapidly. On the 50th day of storage, mold
had almost completely covered the skin of all the birds,

The abdominal cavity of the drawn birds was literally filled
with mold. The number of bacteria growing onm the abdominal
muscles was consistently greater than the number growing

on the skin.

For further tests, abdominal samples were taken from
six undrawn birds on the 50th day. The bacterial count from
these birds was 13,375,000 per square centimeter as compared
to over 43 billion on samples teken from the drawn birds.

¥ueh of the unsightly appearance of the poultry stored
at 35° ¥. was due to th. excessive grouth of molds. *The
three most common typea'hdlongod tn “the sennrn Fusarium,
Agpergillus, end ponicnun. : e

*Molds identified by Temnyson, Gertrude, Assistant in Plant
Pathology, Oklahome Agricultural and Mechaniocal College.

23



TABLE X
Statistical Analysis of Birds Stored at 35° F.
(Analysis of Variance)

Degrees of *Sum of *Mean
Source of urhgcn Freedom Squares Sguare
Total 89 18,678,972
Fithin sub groups 75 6,594,117  ©5,254
Between drawn, un-
drewn, and ebdominal 2 4,886,996 2,443,498
Eetween 8 sto 4 5,040,679 760,169
Interaction ) _4,%57,228 544,653

*( 000,000,000 oxitted)



Birds frozen by slow and gquick freezing process

An attempt was made to compare the number of bacteria
growing on the skin of birds frozen by gquick freezing and
by slow freezing. Twenty-four birds were used. Twelve had
been frozen in approximately eight hours in an open box at
-15° 7, and were known as "quick frozen". The other twelve
were frozen in approximately forty-five hours in a closed
box at -15° F. These were known as "slow frozem". All of
these birds were held for seven months at 20" ¥,

These birds were prepared in a distant oity amé shipped
to the poultry farm by express. Due to a delay of twenty-
four hours in transit, they were completely thawed when
they reached the lsboratory. For this reason, the results
obtained are of little value.



TABLE X1
Characteristics Of The Fredominating Typez of Bacteria
Found Growing On Skin Of Dressed Poultry Stored

. At 5° F, and 35° F.

spores
L cus Microcoeccus

coe- R i i<
2, |cus, Y = & A acid | Micrococous

coc=- - 5 + -+ = & il .
3. _lcus Klerococcus
4, | rod i Flavobacterium
AW W e PR Sl - el Bl WLavel SReite SRR 2 T TR
6, | rod i hd 4 pal g Vont, DS —___| Achromobacter




SUMMARY

1. Poultry kept much better stored at 5° F. than at
35° ¥,

2. Poultry stored at 5° F. remained in excellent con-
dition for the entire period studled. (60 days)

3. There wes no difference in the keeping quality of
drawn end undrewn poultry when stored at 5° ¥,

4. Drawn poultry stored at 35° F kept safely for ten
days.

5. Undrawn poultry stored at 35° F. kept for 20 days.

6. The difference in appearance and keeping gquality
of drawn and undrawn poultry stored at 35° ¥. was internal
rather than extermsl.

7. The predominating types of bacteria on both skin
and abdominel ssmples belonged to the genera Microcoecus,
Flavobacterium, and Achromobacter.

8. The most common types of molds belonged to the
genera Fusarium, Agpergillus, and Penicillium,

27



SUGGESTICHS FOR FURTHER STUDY

The number of bacteria on each bird of the individual

groups and lots varied greatly. There was some particular
cause for this wide veriation. In an attempt teo locate the
cause, samples of water were taken from the sealéing vat
after each 100 comsecutive birds was dipped. A count of

these samples indicated thet the wster was higlhly contaminated
with beaeteries and that it became more highly conteaxinated es
the number of birds scalded lmereased. Sanples of weter,
teken from the scalding vat after each 100 consecutive biras
passed through, contained the following number of bacteria

per ece.
Before dipping 90,000,000
First ¢ipping 140,000,000
Second cipping 19&,000,000
Third dipping 225,000,000
Fourth dipping £51,000,000
Fifth Dipring £65,000,0C0

Tap water contained 45,000 bacteris per co. GFater
which was used to cool the wex contained 50,000,000 per cec.
The weter which had been used to rinse the carcasses con-
tained 175,000,000 per ce.

Samples of the wax in which the birds were dipped were
slso teken. The bacterial count showed that the wax con-
tained only a few bacteria. The number did inmcrease, however,
as the number of birds dipped incrsased.
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Samples of wax, taken from the vat after each 100 con-
secutive birds passed through, contained the following number

of baecterla per square centimeter:

Before dipping 120
First hundred 160
Second hundred 200
Third hundred 280
Fourth hundred 430
Fifth hundred 600

Since these examinations were made on only one occasion,
the results obtained are not conclusive. Further studies
could be made of this interesting and valuable problem.

There are many other problems which need investigation

1. A comparison of & greater number of temperatures as to
the keeping quality of both drewn and undrawn poultry.

2, A study of the ecritical temperature for the types of
bacteria most commonly found growing on storage poultry.

3. A study of the control of bacteria by the use of chemical
agents.

4. A careful study of the predominating types of organisms
at different storage pericds,

5. A thorough check of the cooling and packing room as a
scurce of bacterial contamination.

6. A study of the methods of greding 2nd packing poultry
&s related to bacterial contamination.
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