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A STUDY OF THE BACTERIOLGICAL CHANGES
PRODUCED DURING THE AGING OF CURED
HAMS.

INTRODUCTION.

The long aging of dry-sugasr-cured hams is
& customary practice in the South, espscially in Mary-
land, Virginia,and Kentucky. Connoisseurs of old hams
seem to think thast from one to two years are required
to develop the particular flavor, aroms, and texture
which 1s most desirable, During this aging process
there is a great loss in the weight of the hams, Often
times in a group of hems cured at the same time, under
apparently the asame conditions, not all will age prop r-
ly. Some hams will be a complete loss because of spoil-
age due to improper cure, mold contamination, or other
undetermingd causes; others will fail to develop the
desired flavor or aroma, or both, thus producing an un-
desirable product.

In earlier days when meat was preserved for
family use only, many took this loss from spoilage and
lack of proper aging as & matter of course, but today,
it has become quite an economic problem. Accordingly,

the project, "The Effect of Aging on Cured Hams" was
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undertaken at the University of Maryland Agricultural
Experiment Station as a cooperative project, involving
theee departments of the University of Maryland (De-
partments of Animal Husbsndry, of Chemistry, and of
Bacteriology) and the Bureau of Animal Industry of the

U. S, Department of Apriculturg, It was hoped that this
study would determine the changes produced in the hams
during the aging process, and, elso, some of the factors
responsible for producing these changes. This informa-
tion would help to insure a uniform cure and probably

the length of time required to produce the desired flavor,
aroma, snd texture could be reduced, thus affecting

cons iderable ssving., In any case, when the propr condi-
tions are known, loss by spoilage should be materially
reduced. This study of the bacteriological changes
produced in cured hams during the aging process 1is,

therefore, only one phase of the project under investi-

gat 101‘1.
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HISTORICAL.

A search of the literature fails to show
any report of work sarried out to determine the kind
and extent of bacterial flora present iIn hams after
they had been out of cure for varylng length 6f time.
Practicelly all of the bacteriological work done with
hams has been In connection with the study of ham
souring. McBryde (1911) conducted the first scientifie
study of ham souring and concluded that 1t was caused

by an anaerobic bacillus which he named Bacillus putri-

faciens,

Boyer (1923, 1925) isolated and identified

from fresh chilled hams McBryde's Baclllus putrifaciens

and four other anaerobes, From the sour bone marrow he
consistently isolated two species of anaerobes which he
believed to be the cause of spoilage., These latter two
were alsé present in the fresh chilled hams. He found
spoilage always started at the center of the largest
muscle of the carcass. He cdoncluded that if bacteria
are present in the fresh hams, the necessity for thor-
ough chilling, as quickly as possible after slaughter,

1s highly desirable as the first step in producing good



hems. A, F. Reith, working under the Arthur Lowenstein
Fellowship at the University of Chicago, made a study of
the bacterial flora of the muscular tissue of live hogs,
of fresh normal hams taken from hogs on the killing floor,
and of hems at various stages during the curing process.
He came to the same conclusion as Boyer., Reith (1926) in

a report of this work gave the following data.

Table I,

Studies on Miscellaneous Hams.

No. of: No.

¢ No. of ¢ No. Showing
Point at which taken ¢ Hams ¢Samples: Showing ¢ Anaerobic
sExamined: s Growth ¢+ Growth
From hams of live hogs 6 36 36(100%) 20 (56%)
After sticking and before
scalding - 8 39 36( 92%) 20 (51%)
After scalding and before
dehairing 8 39 31( 79%4) 20 (51%)
Immediately after dehatring 8 41 28( 68%) 22 (54%)
Immediately after eviscer- ,
ating 11 52 43( 83%) 38 (73%)
After 48-hour chill 4 20 16( 80%) 14 (70%)
After 5 days in cure 1 5 4) 8)
) )
After 10 days in cure 1 5 5;(87%) 4) (60%)
)
After 20 days in cure 1 5 4) 3)
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He grouped the bacteria which he isolated from the tissues
and blood of apparently normal hogs as follows:
Aerobic cultures (94 cultureswere ¢lassified morphologl-
cally)
69 per cent staphylococcl
22 per cent bipolar rods
19 per cent Grem-positive rods
16 per cent coccus forms other than staphylococci
6 per cent Grem-negative
Anaerobic cultures (59 cultures classified on the basis
of their cultural reactions)
19 per cent strongly proteolytic
40 per cent feebly proteolytic
10 per cent non-proteolytic
30 per cent no growth or uncertain reactions,
Sturges (1923) in studying the flora of meat
curing solutions, found that a highly complex flora developed
after a few days; he isolafed and studied the following:
(1) A yeast (torula)

(2) A motile Gram-negative bacillus resembling
B. colil in morphology

(3) A very pleomorphic form

(4) A bacillus (?) which persistently curves

(5) A bacillus which invarigbly develops long fila=-
ments bearing peculdisr convoluted nodules at

frequent intervals

(6) A vibrio resembling cholera vibrio in morphology



(7) A spherical form - Grem-negative and ex-
tremely motile, which was a typlcal salt
tolerant organism of the flora he isolated,

It was a nitrete reducing, non-sporing form,

developing readily in concentrationsof NaCl

up to 15 per cent. It dd not produce gas

nor liquify gelatin.

The work of Reith shows that there 1s very
little difference in the per cent of samples showing
growth, irrespective of the stage of the curing pro-
cess from which the sample is taken. Hess (1928) study-
ing the bactericidal action of smoke as used in smoke=-
curing of fish, found that the resistance of bacteria to
smoke was greatest in media of optimum salt concentra-
tion, 'He used artificisl media instead of fish in his
gxperiments because conditions could be better controlled,
He found non-spore formers were kKilled in 1 to 2 hours
under condiﬁions of the experiments; spores were very
resistant, resistance Increasing with age of spore
cultures, ?he smoke penetrated very irregularily
through fish tissue, penetration incressing with the
concentration of the smoke. The influence of proteins
(peptone solutions and fish extracts) upon the bacteri-
cidial action of smoke was to "quench" it; this was

most noticeable in less dense smoke. Bactericidal



action of smoke in buffered media was greatest in
acid medium, decreasing toward the alkaline side of
neutrality.

Much work has been done on the use of ni-
trates and nitrites in the curlng of meats, McBryde
(1911) showed that KNO:,> had no more preserwvative
power than common salt against organisms of spoilage.
Haldane (1901) and Hoagland (1910, 1914) have shown
that the function of nitrates in the curing process
is the fixation of color which takes place thru the re-
duction of nitrates to nitrites and thru the combina~
tion of the latter with ‘the hemoglobin of the meat to
form NO~-hemoglobin., Haldane ascribes this function to
bacteria,

Kerr, Marsh, Shcroeder and Boyer (1926) note
the fact that the variability of the cure in new estab~
lishments can be overcome by adjustment and control
of the Py of the pickle and by seeding the pickle with
a vigorous, effective Nos-reducing strain of
bacteria, They found considerable variability in the
vigor of growth and rapidity and completeness of the
conversion of nitrates to nitrites exhibited by varidus

strains isolated. Herein may lie one of the secrets

of the successful curing and aging of the famous dry-



sugar-cur ed hams of the South where the same curing,
smoking, snd storage rooms hawe been used for genera=-
tions. These rooms are probably seeded, not only with
a vigorous, effective NOz-reducing strain of organism,
but also, with other organisms which aid in producing
the desirable flavor and aroma in the hams during the
aging process, as has been found to be true in the
case of different cheeses.

Supplee(1931) found from chemical analyses
that during the aging process the per cent of free
fatty acids greatly increased. The meat-fat, i.e.,
the inter-and intra-muscular fat, contained a higher
per cent of'free fatty acids than the external fatty
layer.

Falk, Noyes, Sugiura(/{28) studying lipase
action of extracts of the whole rat at different ages
found progressive change with age. The absolute lipase
action reached a maximum at times varying between
124-40 days for the 10 different esters they used,
Roma and Losnitzki(1926) 1h'1nvestigating the effect
of lipese of various fresh tissue on tributyrin showed
the importance of finely disintegrating the ssmple for

"
comparative measurements. Wlllstater, Haurowitz and

Memmer (1924) point out that with gastric lipase the
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purer the 1lipass the more the optimum Pchhanges
from 5.5 to 7.9. The lipase extract was unstable in
alkali but stable in weak acid,

The fact has been conclusively shown that
tissues of apparently normal animals are not sterile
and also, that the salt and smoke concentration used
in the curing of meats do not kill all the organisms
present. Therefore,it is interesting to note in.
connection with the problems under investigation that
a number of micro-organisms have already been report-
ed which produce lipase. Eijkman(1903) demonstrated

lipase formation in cultures of Staph. aursus,

B. pyccyaneus, B. prodigiosus, B, flourescens liguefac=

iens and non-liquefaciens., Waksman and Davison(1926)

state that "lipase 1s also produced by B. cholerae,

B. typhosus, B. indicans, B., ruber, Stap@! pyogene s

albus, Strep, hemolyticus(work by Thompson and lieleney

(1924)), B.lipolyticus, Micr. tetragenss, bacterial

spores(work by Ruehle,1923) and B, tuberculosis(work

by Wells and Corper, 1912)." Thus it would seem plaus-
able that some of the lipase production in the tissues
might be due to organisms present, as well as being a

function of the tissues themselves. Corran(1929) found
a low concentration of NaCl and KCl in water slightly
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augmented the actlion of lipase, also, & low con=-
centration of lecithin and of cholesterol in water

did the same,
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I1I

EXPERIMENTAL.

A. Methods
1. Methods of Study

After the 1solation of organisma from the
samples of ham (as described elsewhere), the 1929
Descriptive Chart of the Society of American Bact-
eriologists was used to record the characteristics
of the apganisms studied., The methods included in
the "Manual of Metnods for the Pure Culture Study
of Bacteria", prepared by the Comittee on Bacterio-
logical Technic of the Society of American Bacterio-
logists were followed in so far as possible, The
organisms isolated anaerobically were tested for
aerobic growth. All cultures were run thMisucrose,
dextrose, lactose and nitrate broths and, also,
litmus milk, Gram steins (using the Hucker Modifi-
cation) were made of all the cultures and most of them
were tested for gelatin ligquifaction. Nitrate reduc-
tion was tested by means of the sulphanilic acid-a-
naphthylamine test as recommended in the "Manuel of

Methods", The lack of time prevented making further
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differentiation and classification of the organisms
isolated, The work with molds was started, using the
method of Thom (1910, 1926, 1930), but was not completed
because of the time factor involved,

Preliminary tests were run on the effect of
varying salt concentrations on the growth of orpganisms;
also on the effect of varying concentrations of agar. For
these tests the basic pork-infusion media (described else-

where) was used, the desired additions being made to this,

2. Equipment

The usual laboratory equipment was used, with
the exception that porous cups for Demonstration jars, size
3x7.5 cm. inside, was found to be the most satisfactory
containers for the phosphorbus which was used in providing
anaerobic conditions for the growth of cultures in the
museum jars,

3. Sterilization of Equipment

The most satisfactory method found for steriliz-
ing the glass mortars and pestles used, was to add the sand
to the mortar and then place it and the pestle in a tin

culture dish holder (size 3 inches by 4 7/16 inches, a type
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frequently used for sterilizing petri dishes). If the
pestle would not go into the holder, it was wrapped
separately in paper, The scissors and forceps used

were wrapped in cheese cloth and then in paper, for steri-
lization. Petri dishes, pipettes, and solution bottles,
as well as the above apparatus, were sterilized in the hot
air sterilizer for 1 hour at 18000.

4, Anaerobic Seals

For sealing the anaerobic plates, a mixture of
9 parts of paraffin to 1 part of vaseline was placed in an
8 inch porcelain evaporating dish. A convenient working
ne 1ght was obtained by placing this dish upon a tripod,
The edge of the anaerobic plates was rotated in the melt-
ed paraffin-vageline mixture, keeping the edge of the
plates near the side of the evaporating di sh rather than
in the middle during the rotation. If there was a cénr
siderable difference in the dismeter of the two plates
used, filling the space between the two plates with the
sealing mixture by means of a teaspoon, and allowing it
to eol, facilitated the operation. & neat, smooth,
even seal on the plates was obtained by the above pro-
cedure; also, the time required for_sealing the plates

was shortened very much, at the seme time giving a more
satisfactory seal than was possible by any other method

tried,
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Museum jars were evacuated as follows: a
thin layer of cotton was placed in the bottom of the
museum jar, after which the inside of the jar was lined
with paper toweling. This alded in keeping the moisture
produced in ‘the jesr from collecting later on the sides of
the test tubes and causing the identification numbers to
rub off of the test tubes. The inoculated tubes were
placed in the jar and the toweling waé brought over the
top of the tubes and placed down in the center of the jar,
making a place for the porous cup containing the phos-
phorus. A tube of methylene blue solution, as suggested
by Hall (1921) was plgced in each jar to test for the ab-
sence of oxygen. After adjusting the cup in the center
of the jar and applylng a mixture of 9 parts of vaseline
to 1 part of paraffin to the ground glass rim of both
jar and 1id and to both sides of the rubber gasket, a
stick of red phosphorus (1 inch long by 5/8 inch in diame-
}ter) was placed in the porous cup. When the phosphorus
ignited the 1id was put in place and the seal effected by
means of an adjustable clamp, The majority of the museum
jars had a slight imperfection where the rim had been mold-
ed on. It was found that this small air passage could be
satisfactorily sealed before filling the jar, by applying

to the lover side of the rim, a mixture of 9 parts paraffin
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to 1 part vaselin, such as was used to seal the anaerobic
plates,

The shake-agar culture tubes were sealed with
a six to ten centimeter layer of 3 per cént washed agar,
which was poured into the test bube after the inoculated
nutrient agar had solidified.

5. Medis

The basic media for all isolation work was
pork infusion media containing 1 per cent Bacto-peptone,
0.5 per cent NaCIl,and 1 per cent glucose, as suggested by
McBryde (1911), except that in the present study it wes
found to be more practical to substitute agar for broth;
hence, 1.8 per cent agar was found expedient because, in
securing the 1 to 6.25 dilution, it was necessary to use
2 cc. of the 1 to 12,5 dilution per plate.

Rettger'!s (1906) "egg-meat mixture", as modi-
fied by McBryde (1911) and used with such marked success in
growth of putrifactive organisms, was tried, but growth
was isolated so seldom fromit that its use was discontinued,
Media as suggested in the "Manual of Methods for the Pure
Culture Study of Bacteria" was used for all differential
media. All media was adjusted to neutrality wi th Brom-

thymol-blue as the indicator and was auto-claved at 15
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pounds pressure for 320 minutes, For the growth of
molds, Thom's (1910) formula originally adapted from

Czapek by Dox(1910) was used,
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Procedure

Sources of Hsms

The cultures reported upon in this investiga-

tion were i1solated from hams from various sources. These

hams had been subjected to different curing processes and

were of different ages, i.e., they had been held for
various lengths of time after having received théir last
smoke .

Part of the hams used In this study were from
three groups of hogs raised, slaughtered, and cured under
the supervision of the Department of Animal Husbandry of
the University of Meryland in connection with the project
"Effect of Aging upon Cured Hems", According to the plan
of work for the project, these hogs were treated as foliows:
one lot of each group was full-fed in order to gain as
rapidly as possible; the other lot was fed = limited ration
and reached approximately the same final weight as the full-
fed 1ot in about six months more time. All of the above
hogs were fed until an average welght of approximately
300 pounds was attained. The concentrates of the ration
in both lots was composed of corn and fishmeal., The hogs
were on paature in summer and in the winter were given
alfalfe hay.

The hogs were slaughtered and the hams were

cured at the U, S. Animal Husbandry Experimental Farm,
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Beltsville, Maryland. A dry cure was msed which con-
sisted of 8 pounds of salt, 2 pounds of gnanulatea sugar,
and 3 ounces of salt-peter to each 100 pounds of green
meat, One half of this mixture was applied when the

meat was first put down; one fourth, three days later and
the remainder was applied when the pack was fifteen days
0ld, The hams were cured at a temperature between 36° and
38°F, The curing time was two days per pound of green
meat. Following the curing time, the hams were withdrawn
from the pack amd were hung up, unwashed, and allowed

to air cure for two weeks, After this period the hams
were washed, allowed to dry, and were smoked for two

hours per day on alternate days until they had received
four smokes, THe temperature of the smoke was kept

below 100°F. The hams were wrapped in parchment paper,
placed in a muslin bag, and were stored in a dry, dark,
well ventilated room at the Maryland Agricultural Experi=-
ment Station, This cure will be designated in this

study ss the "standard"cure"g

2, Heams used for Analysis

The following "stendard cure"™ hams were used
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for bacteriological exsminations

Two hams just out of cure (not raised experiment-
8lly but given the "standard cure")s

One full-fed ham which was aged for four months;

One slow-fed, eight months ham;

Two- slow-fed, 12 months hams}

Ohe full=-fed, 12 months hem}

Two slow-fed, 24 months hams;

One full-fed, 24 months ham.
The series was not complete because the feeding experiments
were discontinued,

In additlon the following hams were also

examineds

Three Swift Premium hams, just out of cure;

Three Joyner's Smithfield, six months to one yeer
olds;

Two hsms from Chestertown, Maryland, 12 months
old, designated as Nicholson hams; -

Two hams fromi Howard County, Maerylend, 12 months
0ld, designated as Wolfe hams;

Two hams from Prince Georges County, Maryland, one
12 months o0ld and the other 36 months o0ld, desig-
nated as Crandall hems,
The Maryland farm-cured hams were cured by a dry=-sugar-
cure process similar to the "standard cure" with the ex-

ception of the "Crandall"™ hams, These lattér hams were
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“brine-cured, approximately the seme curing mixture
being used as in the dry-cured, but the mixture was
made into a brine instead of being applied dry to the

hams.

3.3ampling of hams

In any hams where the cut surface was con-
taminated with mold, loop specimens of characteristic
types present were transferred to slants of Dox (1910)
agar for later identification. After removing eny speci-
‘mens of molds desired, the excess mold was removed by
means of a damp.cloth. (The hams were sectioned through
the body, being cut an inch to an inch and one-half be-
low the aitch bone. (Figure 1 shows a cross section of
a ham thus cut.) The samples reguired for bacteriologi-
cal examination were removed aseptically from the shank
end of the ham, after which the hams were used for
physical and chemical examination, (These two latter
examinations ‘are being reported by others.)

Before removing the samples from the interior
of the hams, the surface of the ham over the area to be
sempled was seared by means of a platinum spatula, A
Plug of the desired size, 3 to 8 grams, was removed by

means of sterile, sharp-pointed scissors and forceps,
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Mace of ham

FIGURE 7. rMrogss-ce~tion of M » showines the npositiors

from which samples for analvée-~ —ere taken.
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and was placed in a sterile petri dish to be removsd
later for maceration. The petri dishes were counter
balanced on a Harvard Trip balance and the size of

the plug removed was determined by wel ghing.

]hx”*' /‘The samples were taken from approximately the
same position in each ham (see Figure 1). Semples 1

and 2 always contained a portion of the external layer
of fat; sample 3 was always tkken as near as possible
to the bone, on the bottom side,ie., from the side
nearest the external fat layer or skin side; sample 4
was taken from about the middle of the lean surface, in-
cluding at least a part of the large triangulesr muscle,
the biceps femoris muscle. Before taking a second series
of samples (numbered 5, 6, and 7) from the same ham, a
slice about two and one helf inches”EE}ck was cut from

the ham in order to remove the surface from which the

. previous samples had been taken. Sample 5 corresponded

in position to 1l; seample 6, to 23 and sample 7, as a

. ‘ )"
rule, corresponded approximately to sample 4. Any varie-
tion from the asbove is indicated in the individual ex-

periment.

Maceration and Dilution of Sample

The maceration of the samples and the pouring
carried
of the agar plates were/cut: under a glass hood. For
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maceration of the sample a sterile morter and pestle

and sterile sand were used. It was found that the
maceration could be greatly facilitated, especially in
the case of the larger samples, if the sample was first
cut rather fine, by means of sterile scissors, directly
into the mortar., The proportion of approximately 1.5
grams of sand per gram of ham to be macerated, was found
tolbe‘quite satisfactory. After the ssmple of meat

was well mecerated with the sand, it was made up to =
dilution of 1 to 12,5, using sterile water, The water
was added to the mortar in thirds, It was found that
most of the sand-meat mixture could be transferred to
the sterile solution bottle with the first third. The
remaining sterile water was used to remove to the solu-
tion bottle es completely as possible, the sand-meat
mixture which adhered to the mortar and pestle. The
bottle was then closed by means of the sterile cap, and
the contents were shaken vigorously, by hand, for one
minute, giving epproximately 100 shakes per minute.
After allowing the mixture to settle for about 5 minutes,

sample s were removed for bacteriological analysis,

5. Isolation of Cultures

An¥robic plates were poured in triplicate,
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using the method of Krumwéide and Pratt (1913) and
earlier. of Marino (1907), but with the modification

of seal on the plates as described elsewhere. Aerobic
plates were pourédfin triplicate. Dilutions of 1 to
6.25 (made by using 2 cc. of the original 1 to 12,5
dilution of sample per plate) and 1 to 50 were used for
both types of plstes, Shake agar cultures, with a sesal
of 3 per cent washed agar, were made in duplic ate, using
dilutions of 1 to 12,5 and 1 to 50, All cultures were
incubated at room temperature for ten to fourteen days,
after which the different types of colonies were picked
from each and placed on agar slants. The anaerobic
slants were placed iIn a museum jar which was evacuated

by means of phosphorus, (Sellards, 1904)

Lipase Test

In order to ascertain whether or not a
measurable amount of lipase was extracted from the ham
sample during maceration, the Kanitz(1905) method as
modified by Rosenheim and Shaw-Mackenzie(1910) was used.
For these tests highly refined cotton-seed o1l was se-
cured from a commercial company who submitted the follow-
ing approximate composition of the oill: 1linolein, 55 per

cent: stearin, 10 per cent; olein, 35 per cent,
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Tests on each sample of ham were run in
triplicate, as follows: 10 cc. of cotton-seed oil
was placed in a sterile 125 cc. Erlenmeyer flask to
which was added 2 cc., of 1 to 12,5 dilution of macer-
ated meat in water (the same sample as was used in
pouring the plates) and 1 cc. of toluol. The oil was
practically neutral to phenolphthelein, and preliminary
tests gave approximately the same results with the oil
a3 purchased as after peutralization which accords with
the findings of Willstéttem et al(1924); therefore,the
ma jority of the tests were run with the unneutralized
oil. Triplicate control§ were run with each test; the
control flasks differed from the test flasks only in
that the enzyme preparation was boiled to kill the
enzyme, At first the preparation was boiled over a
Bunsen fleme for one minute, but results obtained seem
to indicate that not ali ghe enzymatic activity had been
destroyed; hence, steaming for one hour in live steam
was a&opted. Bothftest and control flasks were incu-
vated at 37°C. for 96 hours,'as this was found to be
the time required for equilibrium to be reached. At
the end of the incubation period, 50 cc. of 95 per cent
acid-free alcohol, 5 cc. of acid-free ether, and 3 drops

of 1 per cent phenolZphthslein in 50 psr cent alcohol



-25-

were added to each flask. Tenth normal NaOH was used
to titrate the free~fatty acids., The average of the
amount needed for the three controls was then subtract-
ed from the average required for the three tests in
order to obtain the amount of ténth normal NaCH re-
quired to neutralize the free-fatty acids formed by

the lipase. By using the formula suggested by Lewkow-
itsch (1921), the number of cubic centimeters of

N/10 NaOH required was convertéd into per cent oleic

acid. The formuls follows:

cc. of N/10 NaOH x 0,282 x 100 = per cent oleic acid
cce. of 0il x sp.gr. of oil

In the present work the normality of the alkali used
was 0,1166, or it contained 0,0046 grams NaOH per cc,
Therefore, the factor to be multiplied by the number of
cubic centimeters of N/10 NeOh used, was found to be:

6.0046 x 0,282
57040 x 10 % 0.5005~ X 100 = 0.352 per cent

This is considering the molecular welght of oleic acid
to be 282, Multiplying &.352 by the number of cubic
centimeters of N/10 NaOH gives the per cent of oleic
atid formed by a dilution of 1 to 6.25; to reduce

this to the basis of a 1 gram sample, the value obtained

above would need to be multiplied by 6.25,



SERIES T,

The object of this series of experiments
was to determine the total count of organisms, aero-
bic and snaerobic, per gram of semple from hams which
were just out of cure, i.e., they had just been given
thelr last smoke; also, to group these organisms mor-
phologically, in so far as time permitted.

The hams used in this series were: - (1)
Two nhems taken from hogs not experimentally fed, but
given the "standard cure®". (The use of these parti-
culer hams was made necessary because of an accidental
loss of two hams just out of curé from experimentally
fed hogs.) The above hams were used for analysis on
the day after they had received their last smoke. The
color of the skin of these hams was light brown; there
was pr3icrt but & very small amount of surface salt,
BExamination of the freshly cut surface showea ths fat
to be soft in texture and white to reddish white in
color; the lean was very soft and moist and was unevenly
colored, ranging from pale pink on the interior near
the bone, to dark red near the upper cut surface,
The outside had a moderately pronounced smoky odor,

The aroma of the freshly cut surface was that of a
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fresh cured ham, suggestive of sweet fresh pork.
Ham V weighed 13,6 pounds, while ham W weighed 15.2
pounds.,

The second group in this series were Swift
Premium hams, Swift & Company's standard cured product.
They were taken immedistely from the smoke room of the
plant and brought to the laboratory for analysis. The
color of the skin was a pale golden brown. There was
no surface salt. The freshly cut lean surface 1in ham
No. 2 SP was a fairly uniform pink; the fat was soft
and reddish white in color., The lean of ham No. ISP
was gspotted, varying from light red to grayish pink and
of hem No. 3SP was "firey" red around the bone, getting
paler towards the surface, In all three of these hams
the leen was very soft and moist; the aroma of smokiness
was pronounced on the outside; for the cut surface, the
aroma of fresh cured ham was slightly pronounced, the
sweet, fresh pork odor predominating. The hams varied
in weight from 13.1 pounds to 14,7 pounds.

Table II. gives the bacterial counts per gram
for aerobic and anaerobic plates poured in triplicate,

and for shake agar cultures made in duplicate,



TABLE IT..

Bacterial Count per gram for hems from different sources just after smoking.

(Plate counts in triplicate, shake agar culture counts in duplicate)

Semple IBeltsville Ham * | Beltsville Ham * Swift Premium Swift Premium Swift Premium ]
Noe #% {Series No. V. Series lios W. ‘Series No.l SP Series No.2 SP Series No.3 SP
o o © Y )
(a3 :Sﬂ [ (&} :.8 ol © g D O :S [0 O .S (]
ot o) R ¥ ] o) = <4 19 | o) : TR | () e
SE15818n8 52 |58 8958182 |82 |3:8/C8(58 (85 8258 |3y3
S |EElEBD) Es B3 4EEE 1 AZ [ZEBGD0EE |28 (53|28 | 283
SR |SRE I8 2 |8 |8 3R 1R G5 IR ER a8 |4 i |a%S8
I (1) 94 | 44 - 6 - 12 - - - | 100 |100 | 125 - - 25
(2) 56 | 12 25 - 6 12 - - 25 50 | 50 - - 25
(3) 18 | 44 - 12 - - 25 100 {100 -
II (1) | 500 | 36 6 - - - 25 50 75 125 | 175 Uncountable
(2) { 500 | 18 - - - - 25 - | 150 | 25 | 200 "
(3) | 585 | 18 12 12 25 - 75 |350
111 (1) 18 120 12 12 | Uncountable : = | 50 - 50 50
(2) 18 70 | lost 37 " " " 25 | 50 - 25 75
(3) 12 110 18 " " " - - 25
IV (1) | Uncount 56 6 37 1150 225 525 |350 600 - -
(2) " 36 - 25 | 250 150 {275 |525 |350 650 25 25
(3) " 18 - 250 275 550 [300 25 -
v (1) 18 12 - 25
(2) | 100 56 30 12
(3) 50 50 -
VI (1) - - -
(2) | lost 18 - -
(3) -] -
vV I1 (1) - 56 - 37
(2) - 44 12 25
(3) 6 60 -

* Beltsville hams given the "standard cure"
*% I, II, etc. represent different samples, taken

»

as described on p.

»

-88—
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Very few of the plates which showed growth
had many colonies on them, The organisms isolated from
the three plates which contained numerous pin-point siz-
ed colonies, were not materidlly different from the
organisms isolated from the other samples.

Table III classifies the organisms from Serles
I according to their Index Numbers, All the organisms
isolated anaerobicaelly proved to be facultative anaerobes,
They fall into the same classification groups, with the
exception of their oxygen relationships, as do the aero-
bic organisms, Of the organisms 1solated from this
series 86.0 per cent of them fell in the Microcodsgroup;
37.0 per cent as aerobes and {9 per cent of the total as
facultative anaerobes, There was no gas produced by any
of these micrococel and their acid production may be

summarized as follows:

; Aerobes ¢ Pacultative
H : Anaerobes
Organisms producing sNumber of:; % of :Number : % of F,
acid in :Cultures :aerobes: of s Ansero.
H s sculture: bes
1. Glucose : 18 . 36 : 14 : 22
2. Glucose and sucrose ; 23 ; 48 ; 35 ; 55
3. Glucose, sucrose ; ; ; ;
and lactose H 6 s 12 9 14




Name of organism Habutat

Date of 1S0latiOn. . .......ccoiviiiieiiciiiicei i e Hisrory

Underscore required terms. SKETCHES BRIEF CHARACTERIZATION
VEGETA1IVE CELLS, Medium used.. i
reaction.. ..temp... age. As eacf‘] ot the toilo~xing characteristics is determined. indicate in proper marginal square by
Form, Spheres short rods. long means of figure, as designated below. In case anv of these characteristics are doubtful or have
commas, short spirals, long spirals, onrved. not been determined, indicate with the letters U, V, and X according to the following code:
Arrangement, single, pairs, chains, fours, cluster u. undetermined.
cubical packets. V, variable.
Limits of length.......... of diamete . X dout.tful
Size of Majority.........
Ends, rounded, truncate, concave, n - =
CAPSULES, present on. = @ Form: 1. streptococer; 2, diplococer; 3. micrococei; 4. sarcinz; 3, rods.
How stiined L B g- o 8, commas; 7, spituls; 8, branched rods; 9, filamentous
SPORANGIA, present, abvmt I\xedmm used i 8 § 3 Endospores: 0, absenv 1, central; 2, excentric to terminal
reaction.. temn............ .days. =] *
p— = -
Form, elliplical, short rodv spmdled. clavate, =] .2 @ | Flagdia: 0, absent: 1, peritrichic; 2, polar
drumsticks. . nl g =
Isdlmxt? (I)\fI ‘eng‘tth ; of diameter. .Q_ﬂ‘ = Gram stain: 0, nezative: 1. positive
ize of Majority.
ENDOSPORES, present, absent. Bioloyic relationships: 1 h
Method of examination, in stained or umstained L[E g . for_plants: 4, 'Earasltlcpgfltogg?lgaf?k‘;oxz:x:m2‘3{2;;%];?;};?%) n;&t?{rgi?c
preparations. = = L= JEE—
If stained, by what technic?... 2 3 2 2 Relation : oxygen: 1, strict aerobe: 2, facultative anaerobe; 3, strict anaerobe
(=} N ; X _
Location c;f Endospores,cenlral excentric, % g g *3 Gelatin liquefaction: 0, negative; 1, positive
termina. ] —_—
[} o - f . .
Form, spherical, ellipsoid, cyhndn(al m o g o | In Amtrane media: 0, neither nitrite nor gas; 1, both nitrite and gas; 2, nitrite
Limits of Size.. e & & but no gas
S“IIZaenOflhl)/ngoll;}: S E (“Y}romo:en.esis: 1, fluorescent: 2, violet: 3, blue: 4, green; 5, yellow: -
Sporan~ium wall. adherent. not adbrerent. . 5, orange: 7, red: 8, brown: 4, pink: 0. none
MoTiLit @ . . . . R
In bx‘-o?:h....“ . On agar.. = % | Diastatic action: 0, negative; 1, positive
FLAGELLA, No. chment polar. bzpolar E —5 5 K -
beritrichiate. How stained ... E 5 g From glucose: 0, no acid; 1, acid and gas; 2, acid without gas
IRREGULAR FURMS, S S
Present On.............. _.days at. | S S | Fromlactose: 0. no acid; 1, acid and cas: 2, acid without gas
Form spmdled runeule ﬁIamento : I -
e [&] From sucrose: 0, no acid: 1, acid and gas: 2, acid without gas
G REACTIONS.
1 glrayﬁu 52 teiﬁy- 3 da H ® Diameter: 1, under U.54: 2, between 054 and 14 3, over 14
.Technic used.. >
5 —
: E’ R2] Length: 1, less than 2 diameters; 2, more than 2 diameters
Specxal SEAIIS - evsevservssessansessseecssssessessssesessonssssesssressnsen - n| o @ e
8 Eﬂ © Chains (4 or more cells): (), absent; 1, present
.. E Capsules: 0, al sent: 1, present
CULTURAL CHARACTERISTICS a4 @ S ;
o Shape: 1, spherical; 2. ellipsoid to ¢y lindrical
Underscore requirea iesms SKETCHES Underscore required teilns. E :C;’. —
A Growth, scanty, moderate, abundani. none. Diameter: 1, less than diameter of rod;
Stx%)alie For;n gf (zro“gth /’It[forzn ed(hinulale. beaded, Nutrient |Surface growth, ring, pellicle, flocculen' Q 2] . greater than diameter of rod
spreading, arborescent, rhizot Broth membranous, none é 2|6 T
' . Growth: 0, at t; 1, ab Ry ; cant
Incubation Ehes\ﬁ:mgx}’ggsl\'s\xtg([;ﬁuse flat, raised, convex. Clouding. slzg{zz_ moderate,  strome = ,:g TOW absent; 1, abundant: 2, moderate; 3, scanty
Temperature Surface, smooth, contoured, rugose. Temperature fransient. persisient. none. Auid turbidf ﬂ 5 1 i
oc Optical Characters. opaque, translucent, opalescent. e Qdor, absent, decided, resembling.......... &) (C) Lustre: 1, glistening; 2, dull
indescent. TR [ < -
Chromorenesis...... Photogenic, Fluorescent Sediment, compact. flocculent, gr 3 b | Syrf : i ©3
---------- . ) ent, granula. 1] urface: 1, smnoth: 2, contoured: 3. rugos
Age ?gﬁ;sg:’c’g ngffgf resemZ/mg . v Age Jiaky, viscid on agitation. 8 a E ; < 3. rugose
yrous. viscid, mem ; + —
OSSR | Medium. graved. browned. reddened. blued. greened. Amount of sediment, sbundant, scont) s Agar colonies: l punctiform; 2, circular (over 1 mm. diameter); 3, rhizoid:
g d |
A e T none. fa) é , filamentous: 5, curled: 6, irregular
: Growth, uniform, best at lop, best at hotlom . N - Gelati les: i H :
n : form, be . . elat : : ( . .
Gelati o e ot o, | | | [ g s :mgnltr{xmcsolomes 1, punctiform: 2. circular {over 1 mm.); 3, irregular; 4, fila-
Stab arbofrescenl. Medium S B
Liquefaction, none, crateriform, mnmdxbulzform (liquid) = ; ;
Temperature napiform. saccate, stratiform: besins in. i tiq = 5 Acid: 0. no acid: 1, sufficient for curdling; 2, insufficient for curdling
oC complete in d. Temperature 1] = _
Degree of liquefact davs.. o = | Rennet curd: 0, absent; 1, present
Age Method used ; .oC 5
ethod u -_—
: Pertonization: (), absent: 1, present
eeresnsnans d Medium, fluorescent, browned, unchnnged. ) i
- ' Indole production: O nevative: . nositive
Eovuvess [ S A T
Medium —_
solid he T
‘I‘e:;perlat)ure Temperature £
= Q
°C RO o 'S‘ s ——
resesvessasescenens a.
Age U Age ow -
........... d [PUTOY |




CUBIT ivU.....

. SKETCHES SKETCHES .
Agar Surface Colonies Deep Colonies Gelatin Surface Colonies Deep Colonies
Colonies I Colonies
Temperature Temperature
.................... °C
Age
ed

PHYSIOLOGY

TEMPERATURE RELATIONS

RELATION TO OXYGEN

NITRATE REDUCTION

Optimum temperature for growth... Method used.. Medium ..o Temperature................ °C Medium...ccinnncrieerenineed Temperature
Mazximum temperature for growth.. .. Temperature.. Nitrite: 1 day 7 davs. Nitrite: 1 day..
Minimum temperature for growth........... Aerobic growth: absent, present, beiter than anaerobic growth. Gas: 1 dav... davs Gas: 1 day...
RELATION TO REACTION OF MEDIUM Anaerobic growth: absent, occurs in presence or glucose, of FERMENTATION
. laclose, o7 sucrose, of nitrate; beller than aerobic growth.
(I:\;edlum USEd .o Add:tional data. Medium............
ptimum H-ion conc., about pH = Pl = -
o containing = @ @ o s > -
Limits of pH for growth: from g %) g 5] =] P ~ = > A =}
BeeereseieasesnentIsretItta b ettt itaaaet o wn m Ld o
CHROMOGENESIS 14 I & (@] E o O o} 3 S ]
L ) MILK 3 5] Q ] = E:J B ﬁ 5 = <
Nutrient gelatin......... Temperature...........coeueee....°C. I} 3 2 ; s A 2 a Z = S
Nutrient agar.............. ion: . - N e — |||
Reaction: 10 davs...cooeeeeus Presence of gas in Smith tube
Potato. ..... Acid curd: .10 davs, N I SR
Rennet curd: .4 days. .10 days. Amt. of CO, in Eldredge tube
PROD Peptonization: ...4 days.... ..10 days.... First ¢ id T -
. 1T'S earan 1.
Medium... .. LITMUS MILK st app ceorac
Test used Temperature.............. ........°C.

First appearance of alkali.......

Indole absent, PresSent M. ....ocevvvveeereneerevienseneesenns days | Reaction: 1 day I o
PRODUCTION OF HYDROGEN SULFIDE | Acid curd: 1 day.. Reaction (pH) after...... dayvs
Medium . Rennet curd: 1 dav.. — |y

Test used ...
H.S absent, preseni in

Peptonization: 1 day

Reductinn of litmus Tegins ... daxs;

Max. H-ion conc. (in pH).......

........... duys Carbon sotiree consumed in....

PATHOLOGY

SPECIAL TESTS

ANIMAL INOCULATION

Medium ured....o JAge of culture. ... Amount........... Incubation period........
Whole culture Cells Tiltrate
Animal
Subcutaneous  |*
o | Intraperitoneal
-
cc
;&g Intravenous !
&2 Per os

*In ea~h instance where pathogenicity is observed, indicate location of lesion, and type. e. g. edema, histolysis, gas.|
hemorrhage. ulcer, diphtheritic, etc.

ANTIGENIC ACTION

Type injection ...
Culture causes production of cytolysins, aggulutinins,

Specifcity: Antibodies produced effective against other antigens as follows...

Immune sera from.

Medium used..

Age of culture..
Number of injections......

precipilins, anliloxin.

...effective against this organism as antigen|

This DEscRIPTIVE CHART prepared by the Committee on Bacteriological Technic of the SOCIETY OF AMERICAN BACTERIOLOGISTS.

L Presented at the 1 i Society. . .
Members of the Committee: H. J. CONN, VICTOR BURKE, BARNETT COHEN, EL1z. F. GENUNG. AN Hars W el meeting of the Society. Dee. 30. 1929

IvaN HaLL, W. L. Kurp
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TABLE IIT

CLASSTIFICATION BY INDEX NUMBERS OF ORGANISMS ISOLATED
FROM HAMS JUST OUT OF CURE

Class Index Number Culture Number Total
1 30U1-U1U20-U200  W423(4) 1
2  30U1-U1020-U200  Vv422(1),-(2),-(3),-(4),

v423(1), 10
v424(1),-(2);-(3), -(4),
v425(2)
3  30Ul-Ul120-U200  W423(3), Wa24(2), W4R4(4), 6
wazn(1),-(2),-(4},
4  30U1-U1020-U202  V425(3),1SP424(1),-(3),-(5) 4
5  30U1-U1120-U202  V425(1), V427, w421(1)
waz2(2), wazs{1),-(2) 9
waza(1),wa26(3), wa27(3)
6  30U1-U1000-U202  1SP423(1a),-(2),-(3),-(3a),-(4) 6
25P424(1)
7 30U1-U1100-U202  W&24(3),w425(1),-(2) 3
8  30U1-Ul020-U220  2SP421(2) 1
9  30U1-U1020-U222  2SP421(4), 3SP424 2
10  30U1-U1120-U222  W422(1) 1
11  30U1-U1000-U222  2SP422(3),-(3a) 2
12 30U1-U1U00-U222  2SP424(2), XW421(2) 2
13 30U1(?)-U1020-U202 1SP423(1) 1
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TABLE III (Continued)

Class Index Number Culture Number Total

14 30U1-U2U20-U200 Xva34(1l),-(2),-(4),

‘XV455(1) XV436(1) XV464(1),-(2), 11

xXvaer(2) XW437(1),-(2) xwW4a65(1)
15 30U1-02020-U200 X1SP464(2),X35P462(4),X28P434(1) 3
16 30U1-U2020-U202 Xva32(2), Xv4d3

xva3s(2), xv4ae1{1),-(2)

XV465(2) Xv464(3), XV465(1)

XW434(1), XW434(2) XW463(3)

XW464, XW465(2),-(3),xW467(1)

XlSP431(1) X2SP464(5) 17
17  30U1-U2020-U202 X1SP434(3), X1SP464(1),-(3)

X1SP434(2), X25P461(1),-(5)

X2SP463(2) X28P464(1),-(2)

-(3),-(4) -(6) -(7),

X3sP464 (13 14
18  30U1-U2120-U202 X25P461(3),=-(4), X3SP431 2
19  30U1-U2020-U220 Xvael(3) 1
20 30U1-U2U20-U222 Xv467(1), XWa3l, XW461,XW462(1),

Xwae3(1), XlSP464(4) 6
21  30U1-U2120-U222 X2SP463(1) 1
22  30U1=-U2020-U222 X1SP464(5), X25P431(2),

x2sp463(4)’ 3
23  30U1-U2000-U202 X2SP462(1), X3SP432(2) 2
24 30U1-U2020-U000 X25P432(1), X35P432(1),

X3SP433(3) 3
25  30U1(?)-U2020-U202 XW433(2),XW435,XW462(2) 8

XW463(2) -(4), XW466,

X28P462(2) X23P463(3)
26  50U1-U2020-U200 X15P463(1),~-(3),=-(4),-(5) 10

X35P462(1),

X33P432(1), -(5) Xv436(2)

XlSP465(2), xv432(2)
27  B80U1-U1126-0200 waz26(2) 1
28 50U1-U1020-U200 v423(2) 1

Yeast isolatedfrom 2Cr42l



Because of the lack of time transfers of
all of the cultures into gelatin were not made, 1In
Table IIT several of the groups differ only in that
their ability to liquify gelatin was not determined.

There were 8 microcoddcultures not listed
above, some of which gave a definite Gram-negative
reaction and others, an indefinite Gram-reaction. Of
all of the cultures isolated in Series I, only 11l were
rods, none of which produced spores, They formed no
gas and produced acid only in glucose, Only one of
the rod cultures was isolated from the aerobic plates,
the other 10 were from the anaerobic plates. A few
cultures of a large yeast were isolated from ham 2Cr

and were not included in the counts given above,



SERIES II.

Because of discontinuation of the feeding
experiments, this series contains only two hams,
One of the hams was from a full-fed serics of animals
and was aged for four months. This was ham No. 3229,
Series M. There was considerable mold on the cut or
upper surface. This ham had no distinctive odor or
aroma, altho it was rather suggestive of the aged hams,
with a somewhat stronger odor and darker color near the
top where the mold grew the heaviest. It had lost 12
per cent in weight during the four months aging, and
weighed 14,4 pounds when used,

The other ham in the series, ham No. 3213,
Series N, was from a slow-fed series of animals and
nad aged for eight months. There was considerable white
mold on the surface of this ham and 1t had followed the
connective tissue down all the way to the bone, giving the
ham quite a musty-moldy odor. (This was found to be true,
also, of the mate to this ham which was cooked for a
palatability test)., The hem had lost 18 per cent in
weight during the eight months of aging and weighed when
used 15.6 pounds.

Table IV. gives the bacterial counts per gram
for these two hams. Table V. gives the classification by

Index Numbers of the organisms isolated from them,



TABLEIV.

Bacterial Count per gram for one ham which has aged 4 months, and one 8 months.

r— L
Sample Hem No. 3229, full fed 4 mo. ham Ham 3213, slow fed 8 mo. ham
Noe. Series Nos. M Series No. N
Eerobic|Anaerobic | Shake Agar Aerobic Anaerobic | Shake Agar
Plates {Plates Culture Plate Plate Culture
I (1) 100 25 125 300 75 400
(2) 200 200 700
II (1) - 25 - 75 - -
(2) 50 - -
11T (1) - 75 25 125 125 200
(2) 50 25 300
IV (1) 25 25 25 25 - -
(2) - - -

-bg-
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The hams in Serlies II were used in some
preliminary tests in studying the effect of varvingthe
salt concentrations of the media on the isolation of
cultures from the sample; hence’thcre are not as many
checks as on the other hams, The above mentioned
tests are being reported later,

There were only 16 organisms (with the ex-
ception of a few cultures of a large yeast from hem N,)
isolated and studied morphologically in this series,
They were all micrococci and 2 or 12 per cent of them
were aerobes and the remaining 14 or 88 per cent were
facultative anaerobes, None of these cultures produced
gas and they are grouped according to their suger re-

actions as follows:

: Aerobes ¢ PFacultative
Orgenisms producing : ¢ Anaerobes
acid in s:Number of: % of :Number of: % of
sCultures sAerobesCultures :F.Anserobes
1. Glucose s 0 s o 6 : 43
2. Glucose and sucrose: 0 : 0o 6 ; 43
3+ Glucose, sucrose ; ; : :
and lactose : 3 s 100 2 s 14
L : s :
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TABLE V

CLASSIFICATION BY INDEX NUMBERS OF ORGANISMS ISOLATED
FROM HAMS AGED 4 AND 8 MONTHS RESPECTIVELY

Class Index Number Culture Number Total
1 30U1-U1020-U222 N421(2), N152 2
2 30U1-U2020-U200 XN461(1), XN462(4),

XM431(1), XM463(3),XM462(1) 5

3 30U1-02020-U202 Xwa31(1), -(2),

XN463(2) 3
4 3001-U2120-U202 XM433(2) 1
5 3001-U2120-U222 XM463(2) 1
6 30U1-U2120-U222 XM461(1) 1
7 30U1-U2000-U200 XN433(2) 1
8 30U1-U2021-U000 XM434 1

9 30U1-U2025-U202  XM462(1), XN461(2) 2
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SERIES ITI,

In Series IIT data on eleven hams obtained
from different sources, all of which have been aged
for approximately twelve months,are presented, Ham
No. 3205, Series 0, was from a full-fed lot of experi-
mental animals, This was an excellent ham in appearnace,
odor, and color. There was very little mold present
wi th none of the white mold that has a tendency to
follow the connective tissue into the interior of the
ham., (The mate to this one, which was cooked, was a
very good hem). During the twelve months aging it had
lost 17.5 per cent in weight and now weighed 17.9 pounds,

Hams Nos. 3170 and 3217, Serles P and R, res-
pectively, were from a slow-fed lot of animals., Ham P
had not aged properly; 1t was contaminated with a whitish
mold which had grown down into the ham; on the side of
the bone opposite the biceps femoris mugclc, were some
grayish green spots which looked as if the hem had start- .
ed to spoil; the odor was musty. It hed lost 21 per
cent , and weighed when used 17.7 pounds.

Ham R, also of the same series of slow-fed hogs,
had lost only 17.4 per cent during the twelve months ag-

ing, snd weighed 17.5 pounds when used, This latter was

an unusually good ham from every standpoint., There was

present a rabher small amount of mold; the fat was quite



firm and of a good color. A white flecking was noted

in the lean portion. This material was a crystaline
precipitate and was more or less irregularily distri-
buted thruout the lean portions of the ham, This seems

to be characteristic of properly aged hams., Supplee(1931)
has identified this substance as pure tyrosin,

The two hams from the Eastern Shore of Maryland,
hams Series IES and 2ES, were very large ones. The lean
was of a good red color, well marbled with fat and showed
some of the white flecking. A part of the fat and the
bone had quite a rancid odor, The lean had a peculiar
ogdor, suggesting something of a damp, musty granary odor
plus a certain amount of rancidity.

The two hams designated Series 1WO and 2wWo
were from Howard County, Maryland. These hams were charact-
erized by being trimmed with a very }ong butt. The hogs
had been brought to too high a finish and the external
layer of fat was out of proportion to the lean presentj
especially was this true of ham 2Wo, Both showed some
white flecking., They had the pleasing odor of a well
cured and aged ham. The color of the lean was a good,
uniform, dark red and that of the fat,a reddish white,

| Ham 1Cr from Prince Georges County, Maryland,

had considerable mold on its face. The color of the cut



lean surface was good, with the exception that there
wes a bright red streak following about an inch below
the face surface, It had the appearance and odor of a
desirable ham, There were eight samples tasken from
this ham;'samples 5 to 8 were taken from the butt end
from positions corresponding to those used for sampling'
the shenk end. They are described elsewhere,

The last three hams in Series III were Joyner's
Smithfield hems, usually made from soft pork. Hams ISH
end 2SW were typical Smithfield hams, with the deep, dark
red color of the lean and the peculiar "clearing" of the
fat layer, giving the fat a light smber color. White
flecking was present all thru the lean portions. Two ef
the hams had developed the pleasing odor of properly aged
products, This was not true of ham 3Sm, Here, there
was no white flecking present. This ham was considerabiy
gshrunken; the lean was hard and dry; the fat was very
0ily and the odor was rather "flat", 1In fact 1t was an
undesirable product.

Table VI glves the bacterlal counts per gram
for the hams of this series. It is interesting to note

how uniformly low the counts runs



Bacterial Counts per grem for hams from different sources which have aged approximstely 12 months
(Plate counts in triplicate, shake sgar culture counts in duplicate)

TABLE VI.

:} Ham 3217, slow fed J Eastern Shore Ham

Sample { Ham 3205, full fed :{Ham 3170, slow fed +| Eastern Shore Hem

No. #* Series No., O Series No. P Series Wo. R Series No. 1 E S Series No., 2 E 8
.2 :E © o '§ © © ','3 '2 2

[} (&) ] iy [ 5 2N L 4]

L0 (o] ot (o] | ord [¢] ot o £ ot [e] 1

of |ts| 8.8 (28|88 |88 |Seltei & B |B2l5s 8.5 |88 s8] 8,3

$@ (g2 297 |F2|fs|Sen |Eo|fa|gen |5S|Ec (283 |55 a3 |fén

85| 8348 2RISR 623 2RISR | 6328 |28 |85 628 (22 |36 1 6¥5

1 (1)) 25 ] -- 75 1450) 525) 1125 | -- | 25 - — | - - —1 - _—
(2) 25 50 - 1350 575 850 - - - - - - 12 6 -
(3) 50 - 900! 675 - - - 12 - - -

11 (1) 500§ 25 200 - - - - 25 - 12 - - - - —
(2) | 475| -- 25 --] 25 - 26 | == -- 6 | -- - 6| =-- -
(3) 375 25 ~- 25 - - - 12 6 - 12

ITI(1) | =-- - 50 75 - 150 - -- |numerous | == - -- 20 -- -
(2) | 75 | 25 50 50| 25 50 25 | == {pin mints| 6 | -- - 6| -- -
(3) {100 | 25 100{ 50 -- | 25 — -—| -

v (1) 25 50 25 251 125 425 - - - 8756 597 320 | 10st - lost

(2)] 25 | 25 - 50| 175| 200 -— | - - 860 | 630 | 340 20 6
(3) 25 - 100 275 25 - - 825 870 25 6

« I, 1II, ete. represent different samples

token es described on p.

-O?-



TABLE VI. - Continued

Bacterial Count per gram for Hams from different sources which have aged approximately 2 months
(Plate counts in triplicate, shake agar culture counts in duplicate)

Sample [z Wolfe Ham “Wolfe Hem Crandall Hem J.SmithTield #* |J.Smithfield #* [J.Smithficld #%
Series No. 1 Wo.| Series No. 2 Wo. |Series No. 1 Cr. |Series No. 1 Sm. |Series No. 2 Sm. [Series No. 2 SM,
[4] (o} [+] (9] o Q
[ 2] o ord pet o ori o :S
o ¥l o ) Q [ ) Te] ® © ¥l ol ) Kol g o 2 ©
ol ) [o) o ol © [ 9 fo) & o o] “ ’S [o] . ST o
cE Eglou Brlisis.2iBsEals,d BsiEsie.d BR es|0as BE S b, 2
[ X i
W) 53| 558 82 |fR 503\ 8F A |59 |82 |BA 508 |24 (B0 |58 | bR E g3
I {17 - 6 - - 12 12 18 | 37 | 125 - |- - 100] = | 26
(2)}| = - 12 - | .6 - - |44 | 125 - |- 10st 25| = - lost
(3)| 6 - - | 12 12 | 26 - |- 25| 50
T (1) 8 44 62 - - - 6 | - | - - | - - 26| = - | 30| 25 25
(2) ]| 31 56 62 12 18 - - -] - - 1850 | = 25| 25 - 50 | 25 12
(3) ] 62 31 - 6 - 6 - |25 25| - 75 | 25 | 18
11T (1)| 6 - 12 - 18 - 6 | - |12 25 | - - 25 - 25 | - - 50
(2) | 18 - 12 - | 25 - 6 |12 - - - - -| 50 12 6 25
(3)] 18 6 - 8 6 - 25 - 25 18 6
w (1)} 3 - 25 12 62 - 18 | - - 25 25 | - Pin pts. - 6 -
(2)1 s 12 37 12 45 - |106 8 - - - 26 Numerous - - -
(3) 125 - 12 37 - | - 25 - - 6 -
v (1)} 131137 62 - 25 | 62 25 | - - 12 - 26
(2) | 125|194 | 162 62 18 | 25 {325 | = - - - -
(3) | 1811 100 ' 18 12 485 | - 25 | 12
vr (1)} 56| 37 - 6 18 - | 6 - - - -
(2) 50 25 - lad - - - 12 - - - -
(3)| 50| 44 - |25 6 |12 6 8
Vil (1) - - - 6 - - - | -] - - 6 12
VIII El - | = =
2 6 - -
(3) - -

—T?-

* 1, 11, etc, represent different samples taken as described on p.
*% Joynert's Smithfield



The organisms 1isolated ere classified accord-
ing to their Index Numbers in Table VII. Of the 207
cultures gudied, 62 or 30 per cent of them were aerobes,
while 145 or 70 per cent proveéd to be facultative ana-
erobes. The majority of the organisms, or 88,6 per cent
of those isolated, were in the Micrococci group; 236 per
cent were aerobes and_65'per cent were facultative
manaerobes, The Micrococci are grouped according to

their suger reaction as follows:

Aerobes Facultativa
Anacrobes
Number of: % of :Number of: % of

Cultures sAerobexzCultures :F.Anaerobes

e 8% a%

Organlsm producing
acid in

e® 8 S8 B8 28 R 4e 6 S0 [ab By e b ¥

1. Glucose 15 ; 30 ; 25 ; 18
2. Glucose gnd Suc- ; ; ;

rose 15 s 30 52 s 38
3. Glucose, sucrose ; ; ;

and lactose 11 ¢ 22 46 : 54

Of the cultures listed in Table VII, Series III, only 7

are rods. These vary in their morphological characteristics:
6 of them are Gram-positive, but otherwise, much variestion
was noted. There are 9 cultures listed as diplococeci.

These varied in their sugar reaction from the production

of no acid to the production of scid in all three sugars



studied. 1In thils series there was also noted 8
organisms wnich did not stein definitely Gram-positive,
A large yeast was consistently isolated from ham O,

These cultures were not included in the counts given,
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TABLE VII

CLASSIFICATION BY INDEX NUMBERS OF ORGANISMS
FROM HAMS FROM DIFFERENT SQURCES WHICH
HAVE AGED APPROXIMATELY 12 MONTHS

Class Index Number Culture Number Total

1  30U1-U1020-U200  2ES421,2ES423,2ES424(2)

-(3), 1wo424(1), -(2),

1Wo425(1), 1Crése, 1Sm423(1)

15ma24(2), -(3), 3smae2(2) 12
2 30U1-U1020-U202  R422, 1ES422(1), 1ES424(2) 9

-(2a), 2Esa24(1}, 1wos26(4]

2Wo424(3), 2Wo427,

10r423
3 3001-U1020-U220  3Smd24, 1Wo425(4) 2
4  30U1-U1020-U222  1ES424(4), 3Smd27(1) 2
5  30U1-U1120-U000  3Smd26 1
6  30U1-U1120-U202  1ES423, 1ES424(1), -(3) 6

aWo425(1), 2sma22({2),

25ma23
7 30U1-U1120-U222  1Wo423(3), 2Wod26(1), 5

10r421(1), -(2), 25mi22(3)
8  30U1-UlU20-U200  1Wo422(3), 1Smd23(3) 2
9  30U1-U1000-U200  3Sm422(1) 1
10  30U1-U1000-U000  P423(3), 1Wo, 425(2) 2
11 . 30U1-U1000-U222  0424(1), 0151,P424(1),R422 4
12 30U1-U1020-U000  1Wo422(1), -(2), 3Sme23(2), 3
13  30U1-U2U20-U200  X1ES464(5), X1Wo432(1),

X1Wo462(4), X1Cras1(1),

Xicr465(1), Xicr4es(1),-(2),

X2Sma31, X3Smd64(2), 9
14  3001-U2020-U200  X0434(1), X0464(3),

Xp461(1), -(2), -(3),

xp462(1), -(2), -(3),

XP463(1), XP464(1)

XIWo432(2). X35m433(1)

-(2), X3sm462(1 14



TABLE VII (Continued)

Class

Index Number

Culture Number

Total

15

16

17

18
19
20
21

22

23

24
25
26

30U1-02U20-0202

30U} -U2020-U202

30U1-02120-U202

30U1-U2U20~U220
30U01-U2020-U220
30U1-U2120~-U220
30U1-U2U20~U222

30U1-U2020-U222

30U1-U2120-U222

50U1-U2100-0202

30U1-U2100-U222

30U1-U2120-0002

X1ES463( 1) ,X1ES464(2),-(3),
-(4), XlWod34,X1Woa35(1)
-(2), XiWo461, X1Wo463,
X1Wo264(1), X2Wo467(2).
X2Wo465(1), X2Woda1
X10r431(2),-(3),-(4},x10r461(2),
-(4), -(5), X1Cr464, X1Cra66(3)
X1Cr467, X55m463(2)

xzsma67({1), -(2), -(3),

Xp433(1), -(2), -(3),
XP434(1), XP461(5)
XR261(1), X2Wo461 (3)
X1ES434(3), X2ESa64(2),
X2Wo461(1), X2Wos62(2).
X2Wo463(1), X2Wo464(1)
-(2), X3Sm461(1),

X1ES434(1), X2ES463(3),
X15m462(1)

X3Sm464(1)
X0g151(1), X2Sm461(1)
X0464(5), X1ES434(2),-(4),

X1ES462(3), XlWo462(1),
X1Wo465(2), -(3), X1wo4e6(1),
-(2), Xewo462(1), X2Wo464(3),
X2Wo466(3), X1Cr461(l)
X1Cr468, X1Cr465(2).
X35m464({3), X35ma65

XP431(3), X0464(3a)
X2ES462(2), -(4), -(5),
X2Wo461(2), -(4), -(5)
X1Sma61, Xismae2({2), -(3),
x2sme33(2), Xesmee2{1)
X35ma62(2), =-(4)

XP434(3), XR464, XP464(5)
X2Es462(1), -(6), xBEs463(2)
-(4), xX2ES464(1), -(3),
X15md62(4), X1Smie4(2),
X2sma62(2)

X0464(2), XP464(3)

X0431(3)

XR463(1)

27

15

N NV = WK

14

15

12
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TABLE VII (Continued)

Class Index Number Culture Number Total
27 30U01-U2000-U200 X0464(6), X1Sm434 2
28 30U1-U2000-U202 X0463(1), XR433(1),-(2)

X1Sm464(5), X2Sm463(1) 5

- 29 30U1-U2U00-U220 X1Wo466(4),X2Wo466(1),

X1Wo467, X2Wo435(1) 4
30 30U1-U2U00~U222 X1ES461,X2W0435(3) 2
31 30U1( ?)U2020-U222 XP464(4),X1W0465(1),X2W0455(2)

X1Cr461(3), X1Cr463,X3Sm462(3)

X35m463(1) ,X35m466 8
32 50U1-U1120-U222 2Wo425(2) 1
33 50U1~-U1120-U200 1Cr424(3) 1l
34 50U1-U1120-U202 1Cr428, 25m421(1) 2
35 50U1-U2020~U200 XP464(2) 1
56 50U1-U2120-U222 X2Wo463(2) 1
37 50U1-U1020-U200 1 Sm424(1) 1l
38 . 30U1-U2005-0222 1Sm464(1) 1l
39 30U1-U2128-U222 X0464(4) 1
40 20U1-02000~U222 X03151(2) 1
41 20U1-U1005-U000 3Sm427(2) 1
42 20U1-U1020-U220 1Wo424(3), 1Wo425(3),-(5) S
43 20U1-U1020-U202 0421(4), 0423(1),R423(1),-(2) 4

Yeast isolated from Ham O.
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SERIES IV,

In this series three of the hams were from
experimentally fed hogs ard had been allowed to age
for 24 months, The other ham was a farm-cured product
which had aged for 36 months., Ham No, 3157 was from a
full-fed series of animals and 1s designated in the
tables and discussion as S, This was one of the most
desirsble hams used for analysis. It had that elusive,
pungent, cheesy aroma which is so sought after in these
aged hems, At the same time the texture of the lean
was not too dry and there was present some of the white
flecking, There was only a small amount of mold present.
The color of the freshly cut lean surface was a fairly
uniform light red, with a slight darkening towards the
face; the fat was reddish white, The ham had lost
20,5 psr cent during the twelve months aging and weighed
16,3 pounds when used..

Hams Nos. 3158 and 3159, Series designations
'T and U respectively, were from a slow-fed lot 6f experi-
mental animals, which were slaughtered at the same time
as the animals from the above full-fed lot, hence, they
were much lighter in weight. Ham T weighed when used
8,5 pounds and ham U only 7.75 pounds. The former had

lost 28 per cent, while the latter, 29 per cent during the



24 months aging. There was consideeable mold on the
face of each of these hams, Neither of them were es=-
peciall}y desirable products. Because of the lack of
finish given the hogs before slaughter, the small hams
apparently dryed out more than the heavier ones,,thus
resulting in hard and dry lean portions. The aroma was
somewhat stale and musty.

Ham 2Cr from Prince Georges County, Maryland,
hed aged for approximately 36 months. It was consider-
ably shrunken in gppearance; and 1ts face was rather
thickly covered with cayenne pepper, The cut surface
showed the lean to be a fairly uniform dark red; the
fat was reddish white with a yellowish tinge. There was
some white flecking present iIn the lean and the ham had
ean old, rancid odor with a suggestion of creosote, which
was somewhat different from that of smoke,

Table VIII gives the bacterial counts, aerobic
and anaerobic, per gram for the hams of Serles IV. It
is of interest to note the large number of plates on

which no growth was secured,



TABLE VIII.

Bacterial Count per grem for 3 hams which have aged 24 months, and one 36 months.

(Plate counts in triplicate, shake agar culture counts in duplicate)

Sample Ham 3157, full fed Ham 3158, slow fed Ham 3159, slow fed Crandall ham, 36 mo.
Noe 24 mo. hame Series NoeSd4 24 mo. ham. Series No. Te 24 mo. ham. Series No. U. |old. Series No. 2 Cr,
(o] (] o []
o ol or=t ol
3] Q 0] © 2 T Q Kl [0 © 2 O]
o [o] = o Q L) o [e} & oy (e ~
S5 | 3 S B ° B o SoEl 68 5 Sy B o2 |88 |83
bE | E5 | 252 (&3 |EA ddal 5% |48 |€d7  |h% |g9 [€47
<1mq§n4 n <O < A ny < Ol <M ny O <y ﬁm D < O
1 (1) - - - 194 131 212 50 65 50 12 12 -
(2) 6 - - 281 194 212 31 122 50 25 18 12
(3) - - 231 137 12 62 25 25
1T (1) - 6 - - 6 - 44 18 100 6 - -
(2) - - - - - - 25 18 - 6 - -
(3) 8 - - 25 - 12 |lost 12 -
[}
111 (1) - 6 12 18 - - - 18 - 6 - - ©
(2) | - - - - - - - - - 6 |- |- '
(3) - - - - 6 - 6 12 6
v (1) | 100 94 86 - - - - - - 75 - -
(2) 100 | 88 156 - 6 - 31 - - 6 - -
(3) |112 88 18 6 12 - 6 - I -
v (1) - - - - 6 -
(2) - - - - |- |-
(3) 12 - -
VI (1) - - - - - -
(2) - | - - - |- |-
(3) - - - |-
viI (1) - - 12 6 6 12
(2) - - - 6 12
(3) 12 6 12 12
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- In Taeble IX the cultures isolated are
classified by their Index Numbers., HAgain the Micrococci
group prodomingted. Of the 59 cultures studied 88 per
cent were micrococcis 23 or 39 per cent,aerobes and 29

or 49 per cent were facultative anaerobes, These
micrococci are grouped according to their sugar reactions

as follows:

Aerobes Facultative
Anaerobes
Number of: % of

Cultures :F.Anaerobes

Organisms producing
acid in

' 2e 3% % e

Number of: % of
Aerobes :Aerobes

®® 8® S5 3% S8 b 3% D 6 40 0 4 B b

1. Glucose : 5 . 23 3 10
2. Glucose and sucwoses 5 1 23 4 14
3+ Glucose, sucrose ; ; ;

and lactose H 13 s 57 20 s 70

Beside the micrococci listed there were two micrococci that
and
geve doubtful Gram reactions,/4 large beaded rods and one

diplococcus were noted.
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TABLE IX

CLASSIFICATION BY INDEX NUMBERS OF ORGANISMS
FROM THREE HAMS AGED 24 MONTHS AND ONE HAM AGED 36 MONTHS

Class Index Number Culture Number Total -
1 30U1-U1020-U200  U421(1), 20r422(1) 2
2 30U01-U1120%U200 U427 1
3 30U1-U1I20-U200  U421(3) 1
4 30U1-U1000-U200  U422(2) 1
5 30U1-U1020-U202  T423(1),-(3) 2
6 30U1-U1U20-U202  U422(6) 1
7 30U1-U1000-U202 5422 1
8 30U1-U1020-U222  S424(3),8424(1),-(2)

1423(4) Ju421(4) va22{4) 6
9 30U1-U1120-U222  2Cr426(3) 1
10 30U1-U1020-U222  U421(1),-(2),U424(1),-(2) 4
11 30U1-U1000-U222  U422(5) 1
12 30U1-U2020-U200  XU431(1),XU461(1),-(3) 3
13 30U1-U2U20-U202  XT434,XT463,XU431(2) 3
14 30U1-U2U20-U222  XS462, XS463, XT462(1),

X20r467 4
15 30U1-U2020-U222  XS434(3), XT464 2
16 30U1-U2120-U222 XS434(1), Xs464(2), -(3),-(4),

XT462(3), XU462(2), XU463,

XU464, 8
17 30U1-U2100-U202  XS434(2) 1
18 30U1-U2100~U220  XU462(3) 1
19 30U1-U2100~U222  XU462(1), -(4) 2
20 30U1-U2000-U222  XT462(2),XU467,XU437,

X20r465 4



TABLE IX - (Continued)

Class Index Numher Culture Number Total

21  30U1-U2U00-U000  XT461(2) 1
22 30UL(?)-U2020-U222 XS461(1), XU461(2)

23  50U0-U1120-U202  S421¢1),-(a), 2Cra23(1),-(2)
24  20U1-U1020-U220  T424.

25  30U1-U1026-U222 U425

TR S B = TS

26 30U1-U1128-0202 T423(2)



A summary of the classification by Index
Numbers of all cultures isolated in Series I to IV
inclusive,is presented in Table X, The discussion
of this data in connection with the aquantitative counts

from the individual samples of ham will be found under

the heading "Discussion".



TABLE X,

A summary of the classification by Index numbers of all cultures isolated
in Series I, to IV,, inclusive

i
1 3 r Gram=-Positive ] : Gram-Negative (7):
Ho Micrococei Rods Micrococei Diplococeci |
om Facultative Total Facultativ Facultativel ~“[Facultativd
Source{3 =~ t_AerobestAnaegobes Micrgcocg% Aerobes |tAnaerobesi: Aerobes |:Anadrobes: Aerobes :iAnaerobes|
gﬁg t Num~f Per$Num- |Per- {Num- jPer- jNum- :Per= - Num=:Per=:Num-| Per-{ Nup-{:Per-;:Num=-gPer~ jNum- {Pers
_g;: ber {cent|ber |cent!ber |[cent )ber | centl ber | cent] ber | cent ber | cent| ber cent ber {cent
=4
Table
III,.!130 ug 37 6% | 49 111 8% | 1 0.7 10| 7.6 1 0.7 8 6.1 0 0 0 0
Table

v. 16 e 12 14 88 161 100

Table
VIiI.i207 49 {23.61 134} 65 183 188,61 5 2.4 2 0.9 0 0 8 3.8 81.3.,8 1 0,48

Table
IX. 59 | 23 | 39 291 49 h2i 88| ¥ | 85| 0 (0 0 0 2 | 3.4 1| .71 01 0O

"ﬂg"'
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SERIES V.

In this series of experimenté’the object
was to determine the lipolytic activity of each of the
samples which were taken from the five hams just out
of cure. The method used in making these tests is
described on page 23. Tests and oontrols on each sample
were run in ﬁriplicate. Controls differed from the tests
only in the fact that for the former the meat extract was
boiled to kill the enzymatic activity of the sample before
adding it to the oil. Both sets wers incubated at 57°C for
96 hours. Table XI gives the results of these tests,
listing the number of cc. of N/10 NaOH which was re-
quired to neutralize the free-fatty acids formed by 2 cc.
of the 1 to 12,5 water-dilution of the macerated ham
sample added to 10 cc, of highly refined cotton-seed oil.
This velue 1s converted to the per cent of oleic acid
which would have been produced if a one gram sample had
been used :instead of the 2 cc. of the 1 to 12,5 dilution.
The values for hams V and W which were "standard cured"
hams, run consistently lower and with less variation than
do the values for the Swift Premium hams, Little con-
sistency 1s noted in the values obtained for samples from

corresponding positions in the various hams.
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TABLE XI.

Giving the number of cc. N/10 NaOH required to neutralize the
free fatty acids formed by 2 cc of 1=12% dilution of sample
from hams just "out of smoke™, also % oleic acid on basis

1 gram of ham

Ham No. Sample No. cc N/10 NaOH % Oleic Acid
No. equired to Basis 1 gram
eutralize free
atty acids
ormed from lw63
dil.
Beltsville| V I 10 02200
Ham vV II 12 ’ « 2640
vV III «40 ‘ +8800
VIV 07 «1540
vy .27 | « 5940
vV VI 13 +2860
V VII 35 «7700
Beltsville] W I o1l3 +2860
Ham W II «23 « 5060
W III 17 _ « 3740
wIv o13 #2860
WV 20 4400
WVl «20 #4400
W VII 27 « 5940
Swift 18P1I 230 «6600
Premium 18P II «17 #3737
1 8P III wel4 e 3081
18p1Iv +06 « 1320
2SP1 «40 « 8800
2 8P 11 ¢ 56 1,2319
2 SP III] «87 1,9137
2 SP IV .27 « 5937
3sp1I od4 29680
3 8P 1II 27 « 5940
3 Sp III «02 #0440
3 Sp IV «03 +0660
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SERIES VI,

fhis series differed from Series V only in
the fact that the age of the hams.are different. Ham M
was from a full-fed hog and had been aged for 4 months, while
ham N was from a slow-fed animal and had aged’for 8 months,
The values reported in Taeble XII are of interest. Spme
of them are higher than those obtained from any other
samples used irrespective of the source or age of the ham,
In view of the fact that these were the only hams of
these specific ages analyzed no conclusions can be drawn

from the results stated,
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TABLE XII,

Giving the number of ac. of N/10 NaOH required to neutrallze
the free fatty acids formed by 2 cc. of 1.t0 325 dilution of

sample from hams azed 4 and 8 months respectively

Ham Nos :| Sample No. |: No. cs. N/10 NaOH %oleic acid
required %o neutralize : Basis 1 gram
full fatty acids
formed by 1=-6% dil.

3229 M I +40 «85681

£ mo. M 11 20 +4400

full-fed M III 1.35 29700

ham

3213 N 1 «50 1.1000

8 mo. N 11 2400 4.,4000

slow-fed N III 40 #8800

right ham N v 2.10 4,6190
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SERIES VII.

In Series VII the object was to determine
the amount of lipolytic activity of the samples from
hams which had aged for 12 months. There were 11
hams tested in thisseries, Descriptions of these hams
are to be found under Series IITI. The results of the
values found for the lipase activity of the individual
samples from various hams of this series are given in
Table XIII. None of the values obtained in this
series are as high as some of those found in Series
Vi, but they are consistently higher than those ob-
tained in Series V, with the exception of the values
for ham 1ES.
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TABLE XITT

Giving the number .f cae N/10 NaOH reguired to neutralize the free

fatty acids formed by 2 sc. of 1 to 125 dilution of sample from hams
fram different sources, all having been aged approximately 12 months;
also % oleic acid on basis 1 gram of ham.

¥
%

Ham No. :Bample No.| No. cc.N/10 NaOH| % Oleicl:: Ham No.| Sample |[No.cc.N/10 NaOH| % Oleig
reguired to Agid No. rejquired to Acid
neutralize free { Basis neutralize free | Basis
fatty acids 1l gr. fatty acids 1 gr,
formed from formed from
1-6% dilution 1-6% dilution

3217 F 1 «55 1.2100 Wolfe | 2 Woll o1l

Slow fed | R II 70 1.5400 Ham 2 VWol.lIX e 13

rt.ham R II1 o7 1.6940 2 Wol.llX «20.

R IV +43 09460 ] 2 VoIV «30

3170 P1I 1.90 4,1700 2 Wo.V 1.03

Slow fed | P II 26 «5719 2 Wo.VI 23

rt. ham | P IIXI «80 1.7600 2 Wo.VIX 230

P IV 47 1,0337 | Crandall {1 Cr. I o16

3205 01 2,07 445537 | [Ham 1 Cr.IX 14

Full fed | 0 II 47 1.0337 :1 CR,III 043

rt. ham | O III 1.26 22,7719 1 Cr.IV 23

0 IV ég «8800 1l Cr.V 03
l1Cr.VI «10

Eastern |1 ES I 013 «2860 1 COr.VII «36

Shore 1 ES I «04 «0880 | |Joyner's | 1 Sm.I 0.00

Hem 1 ES IIIl «10 «2200 | 1Smith~- 1 M. IX 034

12 mo. 1 E Iv 016 3520 |{ (field 1 SM.IIX 23

Eastern | & ES I ¢53 101660 | 1 SMLIV o54

Shore 2 BS II 75 1.6500 | Woymer's | 2 Sn.I 47

Ham 2 BS IIIX «00 00000 | (Smith- 2 Sml.IX 54

2 ES IV 042 29240 | Ificld 2 Sm,III .13

2 Sm.IV 06

Wolfe 1 WooI «86 1.8920 | (Joyner's | 3 Sm.I o172
Ham 1 Wo,1I 1.00 242000 | |Smith~ 3 Sm.1I 1.00 242000
1 Wo.III 17 1.6940 | |[field 3 Sm.III 21 04620
1 Wo.IV «53 1.1660 3 Sm.IV 22 «4840
1 Wo.V 47 1.0340 3 Sm.V 64 1.4080
1 Wo,V1 54 1.1880 3 Sm.VI «38 8360
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'SERIES VIII.

The object of this series was to determine
if the samples from hams which had aged for 24 months
or longer, still possessed active lipolytic properties,
The results of these tests are found in Table XIV. It
will be noted that while the values obtained for this
series are low, they are slightly higher than the
majority of values obtained in Series V, but they are
considerably lower than the majority of values for the

samples in Series VI,
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TABLE XIV.
Giving the number of cc. N/10 NaOH required to neutralize

the free fatty acids formed by 2 cc of 1~12% dilution of
sample for hams, 3 of which have aged 24 months and 1

36 months
Ham No. | Sample No.| No. ec N/10 NeOH % Oleic scid
required to basis 1 gram
neutralize free
fatty acids formed
by 1=6% dil.
3157 g1 «10 2200
ham s IV «48 1.0560
3158 TI «25 » 5500
Slow=fsd |T II «37 « 8140
right T III »38 +8360
ham T IV 014 03080
3159 Ul 027 +5940
Slow=fad | U II 23 « 5060
left ham (U III 40 +8800
UV «20 «4400
uv «20 4400
U VI +40 «8800
U VII 22 4840
Crandall { 2 Cr. I e13 « 2860
Ham 2 Cr. II + 20 4400
3 yrs. 2 Cr. III «37 +8140
old 2 Cr. IV « 70 1.5400
2Cr.V .25 « 5500
2 Cr. VI «27 ¢ 5940
2 Cr. VII «30 +6600




-63-

The differences between the amounts of
N/10 NaOH required to neutralize the free-fatty
acid formed in the test and control flasks of indi-
vidual samples during the lipase experiment (as stated
in Tebles XI to XIV, inclusive), do not give the whole
picture of the situation. Tables XV and XVI are pre-
sented as examples of the values obtained for the
individual tests run on samples from two dif ferent
hems. (The other detdiled tables in this series of
experiments may be found in a Progress Report of this
work to the Maryland Experiment Station (1931)). These
two tables were chosen as representatives of the two
methods used in preparing the meat extract from the
control tests, In Teble XVI the extract was boiled
in a 1 X 8 inch test tube over a Bunsen burner for one
minute. There will be noted in ths case a decided in-
cresse in the values for the controls (Labeled (1B),
(2B), etc.) in samples SIII and SIV over those for
samples SI armd SII. The only explsnation which could
be found for this was that evidently all of the lipoly-
tic activity of the preparation had not been destroyed
by this amount of heat. Therefore, steaming the ex-
tract for 1 hour in live steam was tried. When this

was done such wide variations was not found in the



velues obtained for the individusl control tests, as
will be noted in Table XV, The differences of the
averages of the triplicate checks on the tests and
controls obtained for each sample for the two hsms

are Quite similar, Controls for the semples from hams,
T, U and 2Cr in Table XIV were steamed rather then
boiled, It will be noted here that the differences
obtained for the individual samples from these hams

are more nearly uniform than those for ham S.



TABLE XV,

Result of Lipase test run on Beltsville Ham, ocured by
Standard Method. Series No. V.

Sample No. { Nosco. of A verage | Differencqd % Oleic Acid| % Oleic Acid
N/10 NaoH cc. CC. | Basis 1=} | Basis 1 gram
for 1~83% dilution
dilution

vV I (1; 1,00

%2) 995 +93
(3 ¢85 ]
(1B) .80 10 »03520 +22000
(2B) ‘80 083
(3B) « 90
vir (1) 070
(2; «80 «80
(3 «90 12 0422
(lBg 75 . 004224 + 26400
(2B +60 »68
(3B) «70 )
vV II1 (1; 1,00
(2 1,00 1.17
(3) 1, 50
1p «80 «40 .14080 «88000
2B .70 W77
(3B) .80
viIv (1) « 70
(2) .80 o735 )
3 .70
%1% .60 .07 .02464 «15400
(2B «65 «66
(3B «60
v v (1) 1,00
(2; »90 .92
(3 «85 ,
émé «55 } 27 »09504 « 59400
2B .70 .65
(33 +70
vV VI (1) «70 N'
(2) .80 .73
(3) .70
(1B) <60 13 +04576 . 28600
(2B) «60 +60
(3B) «60
vV VII (1) 1,00
22; «80 «88
5 +85 35 12520 77000
fmg « 50 2 .
2B « 50 <53
(3B) 60
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TABLE XVI.

Result of lipase test run on Ham 3157, Series No. 8,
full fed, aged 24 months.

Sample No.cc. of | Average |Difference |% Oleic Acid | % Oleic Acid
No. N/10 NaCH Basis 1-6% Basis 1 gram
for 1-6% dile
dile
S I(1) 1.30
(2) 1.20 1.30
(3) 1.40
(2B) 1.30 1.20
(3B) 1.10
s II(1) 1.80
{z} 1.60 1.68
(3 1.65
(2B) 1.35 1.31
(3B) 1.25
S I1I(1) 1.95
(2) 2.10 2400
(3) 1 2.00 .10 .03520 +22000
(1B) 2405
(2B) 1.70 1.90
(3B) 1.95
s Iv (1) 2.30
(2) 3.00 2.53
(3) 2.40
(1B) 1.95 48 «16896 1.05600
(2B) 2.10 2.05
(3B) 2.10
g
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DISCUSSION.

In & consideration of the quantitative
bacterial counts from serobic and anaserobic plates
and from shake agar culture tubes, the number of
plates and tubes yielding growth shows a decrease
as the age of the hams increaese. The number of
colonies found per plate or tube also tends to de-
crease with the aging of the hem. A summary of the
number of aerobic and anaerobic plates and of shake
agar culture tubes which yield growth is found in
Table XVII,

TABLE XVIT.

Number of Aerobic and Anaerobic plates and
Shake Agar culture tubes yilelding growth.

Anserobic Platesf Shake Agar

erobic Plates
A ¢ Cultyres tubes

;Number:Yielding ;Number: Yielding?:Number: Yielding

H ¢ Growth sPlates: Growth ¢ Tubes: Growth

3 sNumber: % : : NO.:2 : : No., : %%
Table II : 78 : 58 :75: 78 : 50 : 64 ¢ 52 : 37 : 71
Table IV : 12 ¢+ 9 75 : 12 : 8 :66: 12 : B : 66
Teble VI ¢ 171 : 102 60 : 171 : 93 : 55 : 114 : 46 : 30
Table VIII: 66 : 34 352 : 66 : 30 : 46 : 24 : 12 : 28
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TABLE XVIII

Number and percent of aerobic and anaerobic plates
and of Shiake Agar cultures tubes yeilding 1 to 4
colonies.

Shake Agar
Culture tubes

Aerobic Plates ¢ Anserobic Plates C
No.Yield-:% of

sNumber % of total:No.Yield-¢% of total
:Yieldingsaerobic :ing 1to 4:anaerobic
¢l to 4 :plates yield Colonies:plates

s we

4% 3% 32 BE Jee o

scolonies:ing growth: svielding stubes

: : : sgrowth 3 s yielding

: : $ : : s gréwth
Table TI : 20 : 29 : 26 : 52 s+ 82 i 60
Table IV  : 6 55 6 : 75 2 : 16
Table VI : 41 40 : 69 : 74 :+ 22 . 48
Table VIIL : 23 68 : 18 : 60 m . 58

*® O %

The wata taken from Table IV and included herein, may be
somewhay misleading, because there were only two hems in this
series, one of which had aged for 4 months and one, for 8
months. #eroblic growth was secured on 75 per cent of the
plates from hams just out of cure, on 60 per cent of the plates
from hams aged 12 months,and on 52 per cent of the plates from
hams which had aged for 24 months or longer, The decrease of
growth found In the case of the anaerobic plates was not so
great; growth resultéd in 64 per cent of the plates represent-
ing hams just out of cure and 46 per cent of the plates from
the oldest hams. The shake agar culture tubes showed the

greatest decrecase of all. The freshly cured hams yielded 71
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per cent growth; the 12 months series, 40 per cent growth,
while the group of hams ages 24 months or longer yiélded
onlj 28 per cent growth,

This is the trend which would naturally be
expected, becsuse as the hams age their moisture content
decreases, There are at least two factors which contfi-
bute to this decrease; one is the molsture loss due to
evaporation during tgp aging process, and the other is
due to certain chemical changes which are continually
taking place in the hams as they age. Supplee (1931)
has shown by themical analysis that the pencenﬁ of free-
fatty acids in the hams increases as the hams age; this
hydrolysis of fats to free-fatty acid and glycerol in
the meat-fat does not reach an equilibrium during 24 months
of aging. In the complete hydrolysis of a molecule of
fat, three molecules of water sre required, This may
account for only a small amount of the moisture loss, but
et least a part of the free-water 1s converted into chemi-
cally bound-water in this process of hydrolysis. As the
moisture content of the hams decreases, the salt concentra-
tion naturally incresses, and no dubt, there is a change
in the hydrogen-ion concentration, all tending to meke

conditions less favorable for the growth of micro-organisms,
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The data in Table XVIIT (p.68),gives a summary
of the number and percent of aerobic and anaerobic plates
and shake agar culture tubes yielding from 1 to 4 colonies,
It will be noted that for the serobic and anserobic plates
this number increased as the hams aged, The number of
aerobic plates increased from 29 per cent for hams just
out of cure to 68 per cent for hams which had aged for 24
months or longer. In the case of the anaerobic plates
the increase was not so great. For the hams just out
of cure 52 per cent of the anaerobic plates showed only
1 to 4 colonies per plate. The hams which had aged for
12 months showed 74 per cent of the plates in this group,
while for the oldest hams used the figure had dropped to
60 per cent. In the case of the shake agar culture tubes
the number of tubes falling within this group was much
more nearly constant, as will be noted from Table XVIII,
varying from 48 per cent for the 12 months hams to 60 per
cent for the hams just out of cure. The figures in this
Table are not consistent in their trend as are those shown
in Table XVII, but they do show that 48 per cent of all
the aerobic plates showing growth ylelded from 1 to 4
colonies per plate; that 65 per cent of the anaerobic
Plates and 43 per cent of all the shake agar culture tubes

yielding growth ylelded only 1 to 4 colonies per pjlate,
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A summary of the classification by Index
Numbers of all the cultures isolated from all the hams
is reported in Table X, The faectors which are of
particular interest from this table are:

(1) The highest percentage of the total cul-
tures imolated was found to fall in the Micrococel
group. A medium small staphlococcus seemed to 56 the
predominating type. On pages 29, 35, 42 and 50 are
given glucose, sucrose and lactoss sugar reactions of
the Gram-positive micrococci isolated. None of them
produced gas in any media. Table X shows that 8§ per
cent of the culdtures isolated from hams just out of
cure were in this group, with 37 per cent as aerobes
and 49 per cent as facultative anaerobes. From the
hams which had aged for 12 months, 88,6 per cent of the
cultures isolated were Gram=-positive micrococci, while
for the 24 months 014 hams 88 per cent were in this
group. Of the former 23.6 per cent were aerobss sand
65 per cent, facultative anaerobes. Of the latter 39
per cent were serobes and 49 per cent, facultative
anaerobes, From the 4 and 8 months hams, only Gran -
positive micrococcl were isolated, with the exception

of a few cultures of a large yeast which was isolsted

from ham N,
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(2) Very few rods were isolated during

the course of the study, amd of those isolated, none
were spore-formers. The majority of bacilli from hams
just out of cure were facultative sanaerobes. They
Awere fairly large, beaded bacilli, Those from hems
which had aged for 12 months were mostly aerobes and
varied more morphologically. Thev included a fairly
large bacillus in chains, a short, fat, round-ended
one, a few medium sized bacilli, and one small Gram-
negative rod.

| (3) A few micrococci which gave a definite
Gram-negative and a few which gave an indefinite Gram-
reaction, were isolated and studied., Most of these
cultures were facultative amaerobes. Time did not
permit determining whether or not, these organiéms were
the same as the sperical, Gram-negative organism which
Sturges(1923) isolated from meat curing solutions.
Besides the cultures already enumerated there were 10 cul-
tures listed as diplococci, most of which were isolated
from the aerobic plates.,

These findings seem to be quite at variance

with the findings of Reith(1926) and Boyer(1923, 1926),
wherein they report a large per cent of anaerobic org-

enisms isolated from hams just out of cure,
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Of the hams from animals experimentally
raised, given the "standard cure", and :aged at the
University of Maryland Experiment Station, several
were contaminated with a whitish mold which invariebly
had the tendency to follow the connective tissue down
into the interior of the ham. Wnen this occurred the
hams had a musty, moldy odor which made them undesir-
able. This was noted also in the hams which were cooked
for palatability tests. This mold was isolated, but the
lack of time prevented its identification. There was
snother mold which appeared on the face of the hams with
much greater frequency than the mold just mentioned.
This was a dark, greenlsh gray mold which apparently
did not have any particular &ffect upon the flavor or
odor of the hem as it did not seem to peretrate below
the surface. This mold produced & large amount of water
soluble, reddish purple pigment when grown on Dox agar.
When this particular mold wss present on the face of
the hams in sppreciable quantities, there was always
a decided darkening of the upper muscle, sometimes to the
depth of an Inch or more. This seems rather suggestive
of the fact, that the soluble pigment formed by this
mold may be a factor in causing this darkening. Of

course the proof of thls awalts the identification of



the mold and then the subsequent 1noc?ulation of it
on sound, uncontaminated hams, Usually there were
also other species of molds present on these hams,

The Maryland farm-cured hams which were analy-
zed, were free from mold conmtamination with the excep-
tion of the ham 1Cr. There was considerable mold on
this ham, but the predominaeting species seemed to be
a blue green mold. Most of these products had been
treated with borax after curing to prevent molding of
the product. None of the hams from Swifttani Company

were contaminated with mold,
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The lipolytic activity of the water ex-
tracts made from the samples taken from hams of
different ages and from different sources (as suggest-
ed by the results shown in Table XI to XIV, ihclusive)
is somewhat as follows: (1) the lowest values were ob-
tained in the case of the hams just out of the cure
(Table XI): (2) the ham 8 months old gave the highest
vilues of any hem tested, with the 4 months ham a close
second to it (Table XII). AS there was available only
one ham of each of these ages, it cannot be sald that
this would be true in a majority of the cases. (3) The
results (Table XIII). from the eleven hams, all of which
had aged for approximately 12 months, show that while
all of the values here are lower than same of those
found in Table XII, they are as a rule considerably high-
er than those for the hams just out of cure'(Table XI).
For hem lnggor a few samples from other hams of this
group, results fall below the values in Table XI. (4)
The hams which have aged for 24 months or longer, show
a further decrease in the lipolytic activity as noted
by the water extracts made from the samples taken from
them, but the results obtained are consistently higher
than those from the hams just out of cure,

In Tables XV and XVI it will be noted that there

is considerable difference in the number of cc., required
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to neutralize the individual tests and control
flasks., This is accounted for by the fact that it
was necessary to procure the oil in two different
shipments, While there was a difference in the total
amount of free-fatty acids formed from the o1l secured
et different times, the values were qulte constant for
each individual lot. That the difference between the
averages of the triplicate tests and control flasks
for the same sample of water extract of meat by the
different olls did not vary materially, was shown by
checks which were run before the new shipment of oil
was used. Thepfirst tests were made with ordinary
commercial wessgn 0il, With this the amount of N/10
NaQH required to neutralize the free-fatty acids formed
in the individual testsand control flasks, was higher
than for the more highly refined cotton-seed o0il. This
seemed to indiceate thst there was still present in the
Wesson o0ll some residual natural lipase which was brought
into action by the addition of the water of the ssmple.
From results of experiments in this investiga-
tion, the conclusion was reached that at least for the
water extracts from samples of cured hams, it was

necessary to boil the extract longer than one minute as
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Kanitz(1905) suggests, in order to insure the in-
activation ©f thé  enzyme, . In these experiments the
object was to carry the tests to approximate equili-
brium in order to try and determine if there was any
appréciable llpolytic activity possessed by the tissue
of the cured ham. The investigations of Supplee(1931)
strongly suggested that there was, and these lipase
tests ;ndicate that while there is not such a great
amount present, there is some., It would be of interest
to employ other tests (as the stalagmometric method
used by Dell'Acqua(1930) to estimate lipase content of
tissues, or the method used by Willstatter, Waldschmidt-
Leitz and Memmen(1924) to express the relation between
lipase guantity and degree of saponification) to measure
more definitely than has been done here the quantity of
lipase present in the tissues of hams of different ages.
The working out of a method for measuring the amount of
lipolytic activity of the cured ham tissue during the
aging process, will possibly give some valuable informa=-
tion which may be used in determining the smount of
lipase preparation to be injected in the hams in order
to speed up the fat hydrolysis; thus, shortening this
step in the aging ﬁrocess. It is not as yetAknown whether

this increase in free fatty acids in aged hams is one of



the factors responsible for the production of the de-

sired flavor and texture in these hams or not, but 1t

1s a known fact that the increase does take place dur-
ing aging.

The question of whether this activity 1s in-
herent in the ham tissue itself or whether the micro-
organisms present are responsible for a part of the
activity, is a field of interesting speculation, Es-
pecially is this true, when one considers the fact
that lipase activity has elready been proven to be a
function of a number of our more or less common bacterila
(See pi 9). Corran (1929) found that small concentra-
tions of NaCl in the water extract augmented iipolytic
activity; this may prove to bd quite pertinent to this
problem,

It would be of interest and also possibly of
practical value to test the micro-organisms isolated
" from the cured hams cof different ages, for their 1lip-
olytic activity. Altho the dats resulting from this
investigation does not seem to indicate any correlation
between the number of micro-organisms present, as evi-
denced by the bacterial count, and the amount of lipoly-
tic activity determined for the sample, there may be

such a correlation.
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SUMMARY .

'I. Bacterial counts made by aerobic and
anaerobic plates and shake agar culture tubes, on
hams just out of cure and on those which had aged
for different leng#hs of time after curing, indi-
cated that as the age of the hams increased the
number of micro-crganism decreased. As the age of
the ham increased, theré was an increase in the
number of plates and tubes from which growth was not
obtained. In general there was also a decrease in
the number of colonies present on those plates and
tubes mpon which growth was obﬁained.

2. Of the 412 bacterial cultures isolated,
309 or 75 per cent were facultative anaerobes and the
remainder were aerobes, These cultures were grouped
according to their Index Numbers,

3. Eighty-eight per cent or 361 of the
total were Gram-positive micrococci, of which 279 or 80
per cent were facultetive anaerobes, Nineteen or 4.6
per cent of the total organisms gave either a Gram-
negative or a doubtful reaction. All but one of these

were in the facultative anaerobic group.
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4, Twenty-two or 5.3 per cent of the total
bacterial cultures 1sola£ed were rods, none of which
were spore formers.

5, Ten cultures of the total were classified
as diplococci. Yeasts were isolated from three differ-
ent hams, one in each Series except Series I, Théy are
not included in the counts given,

'6. Molds were isolated from s number of the
hams. There were two types which seemed to be of im-
portante in relation to the aging of hams. One of these
was: a light colored mold which always had a tendency to
grow into the interior of the ham giving a musty, moldy
odor. The other mold wasﬁgrayish green mold that did
not penetrate the ham, but produced a reddish purple
pigment which filtared into the upper muscle to some
extent.

7. Tests for lipolytic activity as determined
by the Kenitz method, indicated that in the majority of
the hams studied there was some hydrolysis of the fat,
The least lipe}ytic sctivity took place in hams just out
of cure. The results obtained with the hams which had
aged 4, 8, and 12 months respectively, were similer,

A few of the individusl samples from hasms 4 and 8 months
of age yie¢lded the greatest hydrolysis of fat., The values
obtained for the lipolytic activity of the hams which

had aged for 24 months or longer were only slightly

higher then those obtained from hams just out of cure.
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