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Introduction.

Durine the past few years iauch has been said about Iood
conservation, the ho.ie garden and hoire canning. ospecially haes
the de..onstrators atte.ipted to help the housewife save gsarden
vegetables which would otherwise be wasted.

These efforts have been largely successful., In many
instences, however, cawned vegetebles have spoiled. <The reason
for tiis has been given as due to the use of vegetables not fresh
or failure to follow thke directions as given in the United otates
Departiient of arriculture bulletin number 839 on houme canning.
rfrom this arose the guestion as to whether the spoilage was due
to either oi tlese causes or poth, or if there mizht be some
other cause for this trouble.

It has been the writer's intention during the course
of this irvestication to solve this problem ir possible and de-
termine the cause for the very nuch larger proportion of spoilage

from home canning in couparison with commercial canning.

neview of Literature.

Frobably the first bacteriological examination of
spoiled cannei goods was reported by Russel (17) in 1895 in con-
nection with the occurrence of "swells" in canneries of Wisconsin.
In this paper "vaseous fermentation in the Cannins Industry" he

cites the isolation froi swelled canned peas, two bacilli which






he did not iderntify. Le reconuiended the increase of temperature
to 242 decrees ¥, =2nd the pressure to fifteen pounds for twenty-
eight minutes.

In 1904, Harding and iiciolsonil3) examined an outbreak
of spoilage in canned peas. They found spoilage in which there
was siuply sourinz of the product and also spoilage in which there
was gas present and mslodor. A swall rod or coccus caused the
former and & plump rod with terminal spores wiiich zrew vigorously
in the presence of suzars at 37 degrees v, caused the latter.
Linits for successful processing were determined.

In 1905, Duckwall (12) wrote a book on "Canning and
Ireserving". OUne chapter is devoted to canned peas in which he
discusses the history of pcas, their parasites, their composition
and food value, methods oI carnning, and bacteria associated with
spoilage. +he organisms discussed were those found by hii.self
and others. te mentions luctic acid bacteria, 3. butyricus,

3. mesentericus vulgatus, "4 butyric acid bacillus which was a

strict anaerobe with terminal spores similar to 3. tetanil] B.

megatherium, 3. prodigioses, 3. subtilis, 5. mesentericus ruber,

3. mycoides and some organisms not named but described. he recou-
mended a longer sterilization period at & higher temperature, for
canned gzoods.

savalla (21) publishe’ a book in 1916 on "Canning of
sruits and Vegetables". In rart 111, he discusses spoilage, ziv-
ing a report on two hundred and eighty rive bacteriological ex-
amninations or canned foods from six canneries. iiine spore foriers
were described but not named. uwas was found in cans of peas but
these organisms di& not .orm gas in sugar fermentation tubes.

Dickson (11) in 1917 investigated an occurrence of botu-






lism on the facific Coast., He found 3. botulinus in three cases.
He tken inoculated canned peas, beans, and corn with B. botulinus,
heatin~ them at a boiling temperature in accordance with Govern-
r.ent bulletin directions. These developed gas in three weeks. 3.
botulinus and 3. subtilis were reccovercd from the cans. he con-
cluded that the time given in the directions for sterilization in
the Governaent bulletins is insufficient.

The Departument of agriculture (19) answered this paper
by sayinz that the spores of 3. botulinus are killed by one hour
of heating at 175 degrees i, and that there is, therefore, no
danger fron B, botulinus in canned food. It was 8lso stated that
the toxin from 3. botulinus is destroyed by boiling a few minutes.
however, a warning was given against eating ioods showing any
signs of spoilage.

de w,e 3ittins and £. ¢, Bitting (4) published their
bulletin "Bacteriological ixamination of Canied roods" in 1917.
They discuss leaks, springers, the proper method for opening tin
cans for examnination, pressure in cans, swells and flat sours and
organisms of spoilage., <Lrhey determined by experiment that it
takes a tin can of peas standing, over twenty :inutes to reach
248 degrees .. Ceans are more uniformly heated when agitated. Or-
ganisiis found were a large lactic acid bacilius, a coccus form which
produced :malodor and theruophilic forms in appearance similar to
3. tetani and 8. botulinus., They state that some organisms require
a much higher teuperature than others to destroy the spores.

Georgia Spooner Surke (6) in 1918 wrote a bulletin, "The
Lffect of heat on the Spores of 3. Botulinus." She states that

B. botulinus toxin is killed by five minutes of boiling, but the






spores are not killed by boiling for five hours in jars of fruit.
They will also survive three and one half hours of boiling in an
open kettle or fifteen pounds of pressure in the autoclave for
ten minutes. She concluded that the pressure cookinz is the only
sure method of avoiding spoilage by 3. botulinus.

In 1918 3Bushrell (7) experiiented on the influence of
cold shock on the sterilization of foods workins with both glass
Jjars and test tubes. LEe Zound that cold shock did not promote
the xeepin= ouzlities or canned food. ixclusion of air, however,
prevented aerobic orsanisms from developing when their soores
were present.

J. weinzirl (20) in his thesis entitled "The 3Bacteriology
of vanned foods" gives nis results from investigation of one
thousand ard eighteen seamples of canned goods. 2Seside .wolds and
yeasts, he isoluted three hundred and ninety two bacteria, rep-
resenting thirty ei~ht species. .he most prevalent orgarisms

found were 3. ..csentiricus, 3. subtilis, -. thermoindifferens, 3.

vulgatus, and 3. cereus.

He concludes that spores may be present in apparently
unspoiled canned goods as found on the market. These may be un-
able to grow due to lac< of oxygeu. Vacium is essential for the
preservation ol foods under the present methods of processing.

Food poisonine organisms, 3. botulinus and 3. enteritidis are not

found in commercially canned food.

.lethod of rrocedure.

In the summer of 1918 between the first and twentieth

of July, in connection with an experirent in soils, thirteen lots






of peas were picked, weiched, and later canned in accordance with the
wovernment methods for cold pack canning, OUne lot was heated in
stean; Tive were cooke: by the hot water bath method; and seven lots
were processei in the autoelave at fifteen pounds pressure. Lot
A¢li.a, is the only one where the canniig was done the sane day that
the peas were picked. In lot H.W.3.I. and 4.VI., the pcas were Xkept
at room teuperature over night. All others were kept in the refrig-
erator. 4ll of these peas except lot 4,II.{, mentioned above, were
partly shelled one day, then kept until the neoxt day when the shell-
ins was finished and they were canned.

In two weeks, spoila~e began to occur. <he following
chart siows the data upon this:

Lo.,of Spoil-

Lot car oize Sterilization Time cans age.
a.I, .:ason rts. autoclave 15 1lbs. 40 min, 7 7
4,11.0, ~.ason rts. autoclave 15 1lbs., 40 min., 17 1
AJII.L. --ason rts, 4sutoclave 15 1lbs. 40 min., 33 4
A.ll1d. seal fast kts. autoclave 15 1bs. 40 min, 30 20
AllV, ..ason «ts.lrt.,  Autoclave 15 lbs. 1 hr. 21 19
4.V, mason «ts.1l Pt. autoclave 15 1lbs. 1 hr. 14 14
a. VI, ;.ason «ts.1l Ft. 4autoclave 15 1lbs. 1 hr. 4 1
Ledesels ulason rts,,«ts. not water bath 3 ‘hrs. 4 1
beden.1I, ..ason Yts.,,«ts. Lot water bath 3 hrs. 3 51
hew,5,II1,5eal fast rts. hot water bath 3 hrs. 21 18
E.v.3.1V, ..ason its. not water bath Z nrs. 27 19
B,uW.B.V, 35e3l fast Pts. Hot water bath 3 hrs. 17 5
S.1. w.ason rts,,«ts. Steam 3 hrs. 15 11

Percent spoilage of those autoclaved

Percent

Percent

n "

n "

n

n

cooked in steam

cooked in nhot water bath

50.9 percent

63.8

73.3

"






five cans were selected for exanination from lot 4.1,
and rive from a.V., where there was entire spoilage.

“hese cans were exawizned for swells, gas, leakage, and
all evidences of spoilase before opening;then the caws were care-
fully viasred with mercuric chloride solution of & one to one
thousand dilution. alcohol was poured over the cover and-then burn-
ed ofZ, The can cover was then 1lifted enoush to take samples of
the juice,

rive cubic centimeters of tie juice were titrated to
deteri.ino the acidity. Ywo sets of dilution plates of 1 to 100,

1 to 10,000 and 1 to 100,000 wero made, Une set of these was rlac-
ed under aiaerobic corditions in a wovy jar, filled with hydrogen.
Crne hundredth of a cubic centimeter was siicared uniformly over one
square centineter on a clide and stained for a direct microscopic
count and also for the deterwination of the vezatative forms vprescnt
as much as possible., Tvio sets ol shaxes were made by the loop
dilution ..ethod into selatin agar., One set was hoated to 80 degrees
C. for the deteri.iration oi the rresence of spores.

4ll cultures were incubated at roo.u temperature. wach
orcanism isolated was inoculated into a tube ol dextrose gelatin
arar., «~hen this was proved to be a pure culturegtransfers were
made into two tubes of sterile pexs in distilled water. VUne set

3

was rnade anaerobic by pourirnz sterile wirite paraffin oil over the
top of the tube. after tie action in tuis mediﬁm was deterw:ined,
cultures were made in all media usec coumnonly for identification
purooses. vultures were also ..ade in a one pcrcent starch pceptone

solution to det.ruine the reduction of starch to sucar and the

production ol acid. <he thermal death point of each organism was
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Urzanisms round.

2acillus 4,

found in cans 4,1.,1, a.,I1.5, 4,V.10, a.V.1l4,

I, .;orphologzy:
l. Vegetative cells:

(a) form - Small rod.

(b) Limits of size - 1.5 - 2 x 0.5 microuns.

2. wndospores:
(a) rosition - ventral.

(b) ¥orm - Uval.

(c) Produce slizht enlargemert of the rod.

Se w0tility:
(a) ictively .otile.
4, otainine:
(a) Graa nerative.
(b) stains with ordinary dyes.
II. cvultural vhuructeristics:
l. uel:tin oStab:

(a) Growth - Best at top.

(b) Liguefaction - wapiform becoming stratiform,

2. Lutrient Eroth:

(a) Surface growth,pellicle settles on shaking.

(b) Cloudy.
3. Litnus :ilk:

(a) Feptonization - 3low.

(b) Reduction from the vottou upward to a tan colored

liquid.

(c) alkaline,






4, Glycerin rFotato:

(a)
(b)
(c)
(a)

- 12 -

abundant, flat.

Dull,finely wrinkled.

vrean colored,becoming tan.

«ater in bottom pinkish.

5. welatirn agar Colony:

(a)
(b)
(c)
(a)

III. FPhysical

Growth - Kapid.

Flat .

form - Spreading.

Semitransparent.

and Biochemicgl Features:

1. Fermentation tubes, neutral red broth plus

(a) Dextrose:

(b) Lactose:

(e)

vaccharose:

(Gas - Liegative.
(Reaction - =cid.

fGas - liegative.

(teaction - Alkaline.

EGas - Legative.

(Reaction - acid.

2. Feas in distilled water:

(a) Aerobic TPubes:

Q3

asS.

Creamy top growth becoming deep red

— — — —

gunderneath; more readily produced at

(37 degrees C.

(b) snaerobic tubes:

(Gas.

(liot much visible growth, no color.
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3. Peptone Solution:
(s) Indol production, slicht.
4, nitrate reptone Solution:
(a) Litrate reduction.
(b) am.onia production.
5., otarch reptone Solution, neutral: '
(a) stareh reduction.
(b) slight test for sugar.
(e¢) slight acid.
6. Temperature Relations:
(a) urowtn at room temperature.
(b) ravored by 37 degrees C.
(c) ot killed by heating at 120 degrees C. for ten
rinutes.
(d) Killed by heating at 120 degrees C. for twenty

minutes,

Bacillus B,
(Conforms to description of 3. subtilis as ziven by Ford)
found in cans A.1.1, A.I.2, a4.1.3, A. 1.4, 4.1.5, A.V.ll; A.V.1
I, :-orphology: Beeie
1, Vegetative vells:
(a) Rod.
(b) Bize - 2.5 = 4.5 x 0.5 - 0.75 microns.
2,* sndospores:
(a) Fosition - ventral or nearly so.
3. w0tility:

(a) ictively motile.



4.

- 14 -

ovtaining:
(a) Gram positive.

(b) stains with ordinary dyes.

I1, cvultural characteristics:

1.

2.

4.

5.

Gelatin otab:

(a) Top growth.

(b) Liguefaction -~ lLiearly crateriforin.
wutrient Sroth:

(a) Heavy top crowth not easily broken.

(b) 3roth nearly clear, yellowed.
Litrnus nilk:

(2) Teptonization.

(b) alksline.
Glycerin rotato:

(a) Very abundant growth.

(b) bull rugose.

(c) vrean colored.
Gelatin agar Colonies:

(a) Growth-BRapid.

(b) Granular.

(c) Rhizoid.

(d) «whnite.

I1I. rhysical and Biochemical reatures:

1. Fermentation tubes, neutral red broth plus

‘ (Gas - Lone.
(a) Deztrose: ( _
(Reaction - Acid.
(Heavy top growth.
(Gas - ione.
(b) Lactose: (Reaction - Alkaline.

(Leavy top zrowth.
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(Gas - Lone.
(c) Saccharose: gReaction - Acid.
(Top growth.
2, Feas in distilled water:
(2) Aerobic culture:
(Gas production.
Suream colored wrinkled, growth, darkemns.
fSlime production.
(b) Anaerobic culture:
gGas production.
(Slime.
gYellowish liquid.
3. reptone Solution:
(a) Indol formation.
4, uitrate ieptone solution:
(a) witrate reduction.
(b) Ammonia production.
5. Starch reptone wolution:
(a) Couwplete reducticn of starch.
(b) Large cuantity of sugar.
(c) colution, slichtly alzaline.
6. remperature relations:
(a) Grows readily at room temperature.
(b) favored by 37 degrees C,
(c) ot killed by heating at 120 degrees C. for ten
minutes,
(d) Xilled by heatinz at 120 degress C. for twenty

minutes.



Bacillus C,
(Reseubles B. botulinus)
sound in can 4,1,.2.
I, ..orphology:
l. Vegetative Cells:
(a) Large rod with rounded ends.
(b) s5ize .- 4 - 6 x 0,75 microns.
2. ndosvores:
(a) Yosition - rolar, uaking the rod club shaped.
3. -~0tility:
(a) actively motile.
4, staining:
(a) Graan positive.
(b) Steins with ordinary dyes.
II. cvultural characteristics:
1. bdutrient 3roth under oil:
(a) Sroth cloudy.
(b) Odor of butyric acid.
2, welatin agur volonies:
(&) anaerobic.
(b) furry.
(c) #hitish, becomes somewhat tan.
3. Dextrose Gelztin agar sShaxe:
(a) Gas at 25 degrees U,
(b) wo zas at 37 degrees <.
II1. rhysical vharacteristics:
I. Temperature itelations:
(2) drowth best at 25 degrees C,

(b) slow growth at 37 degrees U,
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(c) Lot killed by heatinz at 120 degrees (. for ten

ninutes,
(d) £illed by heating at 120 degrees

minutes.,

Bacillus D,
1., ..orphology:
l. vegetative vells:
(a) Slender rods.
(b) size - 1.5 - 3 x .5 microns.
2. indospores:
(a) Yosition - ‘entral.
(b) 3licht enlargement of the rod on
(c) spores - COval. |
3. «-0tility:
(a) actively wmotile.
4, Stain:.
(2) uraum negative,
(b) Stains with ordinary dyes.
II, cultuxal characteristics:
l. velatin 3tab:
(a) Liouefaction,infundibuliform,
2. wutrient Broth:
(a) Lo top growth.
(b) Oloudy.
(c) seliiment.,
3. Litmus milk:
(a) Peptonization,

(b) Alkaline.

. for twenty

sporulation,






IT..

4, Glycerin rotato:
(a) #1at, smooth eglistenins growth.
(b) Color creauy tan.
be velztin ~zar volonies:
(a) #lat.
(b) Spreading.
(¢c) white, turnins tun in forty eizht hours.
rhysical and ~iochenical reatures:
l. rericentation tubes, neutral red broth plus
(sas - Lone,
(a) Dextrose: (
( Reaction - ©Slishtly acid.
(Gas - Lone.
(b) Lactose: (
(neaction - alkaline.
(Gas - ione.,
(c) saccharose: (
(rezction - acid.
2, reas in distilled water:
(a) acrobic culture:
(Gas.
(Creany top srowth.
(b) Anaerobic culture:
(Gas.
5. reptone volution:
(a) Lo indol production.
4, witrate reptone Solution:

() nitrate reduction.

(b) wmmoniz proiuzctiorn.






. wtarel septone sSolution:
(2) Zlone or very slight reduction of starch.
(b) Lo production of sugar.
(¢) 31light acid.
6. Temperature Relations:
(a) Growth both at 25 degrees and 37 degrees C.
(b) ot killed by heating at 120 degrees ¢. for ten
minutes.
(¢) Killed by heating at 120 degrees C. for twenty

minutes.

Bacillus E.
(tesembles 3. ramosus)
ound in 4.Y,10, and 4.,V.12,
I. sorpholozy:
l. Vegetative vells:
(a) Thick rods.
(b) vize = 2 = 3,5 x 0.75 - 1 microns.,
2, wndospores:
(a) Position - Central.
3. --0tility:
(a) ..otile, not active.
4, sStaining:
(a) Gran vositive.
(b) »tains with ordinary dyes.
II, Cultural charscteristics:
1. Gelatin Stab:

(a) Liouefaction - Uraterifori to stratiform.

(b) Whitish sediment which turns pinkish,






2. wsutrient lroth:

(a) Qop crowth flaky which settles on shaking.

3. Litious milk:
(a) reptonization.
(b) ulkaline,
4, ulycerin cotato:
(a) Growth =bundant, raised, contourel.
(b) ..oist creany to pink becoming curplish.
5, welatin agar volony:
(a) flat.
(b) Sometimes souewhat spreading.
(c) .hite, translucent.
III. fhysical and 3iochemical reatures:
1. fermentation tubes, neutral red broth plus
(Gas - .one.
(a) Dextrose: (
(teaction - Acid.

(Gas - lLone.
(b) Lactose: (

(Reaction - 3lightly alkaline.

(Gas - lore.
(c) saccharose: (
(Reaction - acid.
2. Yeas in distilled water:
(a) derobic culture:

Gas,

— —

(So.iewhat rose colored top
(b) 4naerobic cyjture:
(Gas,
3. reptone solution:

(a) Indol foruation.

growthe.
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4, Nitrate reptone Solution:
(a) Litrate reduction.
(b) «wamonia formation.
5, 3tarch feptone 3olution.
(2) 31licht reduction 6f starch.
(b) s1lixht test for sugar.
6. Temperature selations:
(a) grows readiiy at either 25 degrees or 37 degrees C.
(b) Lot killed by heating at 110 degrees C. for ten
minutes,
(c) £illed by heating at 110 degrees U, for thirty

minutes.

Bacillus H.
Found in cans 4,1.4, and a.1.3.
I, -:orphology:
l. Vegetative Cells:
(a! Rods usually in long chains.
(b) Size - 2.5 - 3 x .5 microns.
2, «0tility:
(a) Slowly :otile.
3. Lndospores:
(a) Central.
4, staining:
(a) Gram positive.
(b) Stains with ordinary dyes.
1I, vultural vharacteristics:
l. Gelatin Stab;

(a) Liquefaction - <rateriform.



2, bhuteient 3roth:
(a) o top growth.
(b) :lediuwm cloudy.
(c) rine precipitate.
3. Litmus milk:
(a) Peptonization.
(b) Reduction,
(¢c) Alkaline.
4, Glycerin rotato:
(a) Growth - :oderate.
(b) Dull creamy yellow growth.
5. wclatin agar Colony:
(a) sranular.
(b) white.
(c) Lacerate edges.
II1, Fhysical and 3iochemical reatures:
l. rermentation tubes neutral red, broth plus
(Gas = Lione.
(a) Dextrose fﬁeaotion - acid.
gGreen iridescence.
(¢as - Lone,
(b) Lactose:
(Reaction - Alkaline.
(Gas - Lone.
(c) Baccharose: (
(Reaction - acid.
2, Peas in distilled water:
(a) 2erobic cultures
(Gas.
(

(Very moist growth which developes a

(touch of bright tan color.






(b) 4Anaserobic culture:
(Gas.
3. reptone vcolution:
(a) Indol production.
4, Litrate reptone Solution:
(a) Litrate reduction.
(b) amuonia production.
5. Starch reptone Solution:
(a) Starch reduction.
(b) Lo test for sugar.
6. Temperature relations:
(a) drows readily both at 25 degrees and 37 degrees C.
(b) Kot killed by heating st 120 degrees C. for ten
minutes. |
(c) Killed by heatinz at 120 degrees C. for twenty

minutes.,

Bacillus K
found in can 4, I, 4,
I, ..orphology:
l. Vegetative Cell:
(a) Large rod, usually in short chains.
(b) Size - 2 - 4.25 x 0,75 microns.
2. Lndospores:
(a) Position - Central.
3. wotility:
(a) Slowly motile.
4, Staining:
(a) Gramn negative.

(b) 3tains with ordinary dyes.



II.

III,

1.
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cultural Characteristics:

Gelatin stab:
(a) Liquefaction - Crateriform.
Nutrient Broth:
(a) Top growth finely wrinkled.
(b) -iedium clear.
Litrus milk:
(a) Peptonization.
(b) Reduction.
(c) slkaline.
Glycerin rotato:
(a) Growth moderate, controued, raised.
(b) Dry chalky white growth.
Gelatin Agar volony:
(a) zeszular.

(b) «White with thicker creamy spot in centers.

Physical and 3iochemical tfeatures:

L,

2,

fermentation tubes, neutral red broth, plus
(Ggs- lone.
(a) De :trose: (
( Reaction - acid, iridescent.
» (Gas - Lone.
(b) Lactose: (
(Reaction - Alkaline.
(Gas - Lone.
(¢) Sadcharose: (
(Reaction - Acid.
Feas in distilled water:
(a) derobic culture:
(GaSo
(Heavy creamy wrinkled top growth.
(b) anaerobic culture.

(Gas.



3, Yeptone sSolution:
(a) Indol formation.
4, Litrate reptone sSolution:
(a) Litrate reduction.
(b) Amuonia Production,
5., 3tarch reptone Solution:
(a) Starch reduction.
(b) Lo test for sugar.
(c) reaction - alkaline.
6. Yemperature Relations:
(a) Growth at 25 degrees C.
(b) Fav;reé by 37 degrees C,
(¢c) ot killed by heatinz at 110 Degrees C. for forty
minutes.

(d) £illed by heating at 120 degrees ¢. for ten minutes.

Bacillus Y.
found in van 4, V, 12,
I, ..orpholozy:
l. Vecetative Cells:
(a) Very large rod.
(b) Size - 3 - 5 x 1 micron.
2, Lindospores:
(a) Fosition - Subterminal.
(b) Fformed within forty eight hours.
(c) Shape - 3lichtly oval.
de :0tility:

(a) Slowly motile. .



4, otaining:
(a) uram negative.
(b) -~tains with ordinary dyes.
II. ‘“ultural “haracteristics:
l. Geletin Stab:
(a) Top srowth, lisht orange.
(b) Liquefaction - Lapiform becoming stratiform.
2. tutrient -roth:
(a) Yop growth, rine.
(b) -.edium very cloudy.
3. Litmus milk:
(a) Heduction in twenty four hours.,
(b) voagulation in thirty six hours.
(c) meuction - acid.
4, uvlycerin Fotato:
(a) Grovith vigorous.
(b) vull wrinkled whitish erowth.
5. Gelatin agar volony:
(a) Tree-like spreading growth.
(b) white in color.
III, Fhysical and siochemical reatures:
1, Fermentation tubes of broth with neutral red plus
(Gas - lione.

(a) Dextrose: (
(Reaction - Acid.

(¢as - Lone.
(b) Lactose:

(Reaction - Leutral.
(vas - Lone.

(c) saccharose: (
(Reaction Leutral.

2., Yeas in distilled water:
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(a) serobic culture:
(
(
gmoist growth w.ith toush of bright tau
(

(B) sanserobic culture:
(Gas - nome.
3. reptone woolution:
(a) 1lndol forinztion.
4, nitrate feptone solution:
(a) Litrate reduction,
(b) Zmmonia formation.
5, Starch reptone Solution:
(a) Starch reduction.
(b) no sugar.
(¢c) neaction - =cid.
6. ‘emparature nel:itions:
(a) growth =2t both 25 degrees C. and 37 degrees u.
(b) wot killed by heating at 120 degrees C. for ten
minutes., |
(c) Killed by heating at 120 degrees v. for twenty

minutes.

sacillus Z,
found in van a. . 13.
I, ..orpholony:
1. Végetative cell:
(a) slender rod.

(b) size = 1 - 2 x 0.5 microns.



Ze -ndospores:
(a) rroducei subterminally.
(b) sShepe - Uval.
e ~-0tility:
(a) ..ctively :..otile.
4, sStainine:
(2) ar21 negative.
(b) stairs with ordinary dyes.
II1I. cultural vharacteristics:
l. Gelatin 3tab:
(a) Liguefaction - lnfundibuliform.
2., nutrient Zroth:
(2) Top erowth soft and heavy breaks to a cloudy pre-
cipitate,
3. Litnmus milk:
(2) Increasei alralinity.
(b) Lo peptonization, curd o re’uction,
4, vlycerin .otato:
(a) rotato gray.
(b) urowth flat yellowish gray.
5. Gelatin agar volony:
(a) naised.
(b) Sliztening.
(c) Yellowish white.,
I1II, Fhysical and -iochemical reatures:
1. Jerientation tubes of brotk neutral recd plus
Gas - .one.

(
(a) wextros~: |
(Reaction - Leutral.

2

Ie

as = Lone,

G

(
(b) Lactose: (
(Reaction - Leutral,




4

( as - uoue,
(c) ssccnarose: |
(Reaction - weutral.
2. Yeas in distilled water:
(a) aerobic culture:
gGas - Lone,
gheavy creany wrirkled top
(yellowed.
(b) anzerobic vulture:
(éas - none.
3. reptorne sSolution:
(e) Irdol formation.
4, Hitrate ieptone Solution:
(a) witrate reduction.
(b) .m-onia production.
5, starch reptone sSoluticn:
(a) Starch reduction.
(b) Test for sugar.
6. Yeimpcrature xelations:
(a) draus at 25 degrees C.

(b) #avored by 37 degrees C.

growth, liquid

(c) Lot killed by heating at 110 degrees C. for twenty

minutes.

(d) £illed by heatinz at 110 degrees v. for thirty mirut:s.



- 30 =

[ ]
rlate III,
/ ]

4
U4

\’\\\ ///. : :—"’" ,, / : -

R ®e

A Sz . -
- N ~ [ ]
=7
Tacillus a, Bacillus B.
, -
X /
~
~ -~ o [N ) - ]
_! \ ~_
L WS
LY
3acillus c, Bacillus D,
-y
(G ) P
\ o
°o° ’
-y <@

Bacillus k.






rlate 1V,

_ “
v [ '
. -
\ -
\ -7
-
N\ N
incillus . 2cillus .,
-
L
S oo RS
0~
0 N N
.‘\l
-
L

Jacillus Y. 3¢

v

cillius Ze

¢



cultural vharascteristics in feas
of comiion opore oearing
sacteria.

The followins spore forming bacteria corresponds quite
closely in all cultural and :.orphological characteristics to
certain of the bacteria just described. In the first two instanc-
es, even to pas forumation in peas. as far as can be determined

this is a circuwastance hitherto unnoted.

I. 3. subtilis.
1. Aerobic Culture:
(2) Gas after forty eight hours.
(b) <oundant top srowth.
(¢c) Srowth dull, wrirkled creawn colored.
(d) -~avore’ by 37 degrees o .
(e) Liouid yellowed.
2. anaerobic vulture:
(a) Gas formation - Lone.
(b) Growth - oelow surface of oil,
1I. 3. rauosus.
1. aerobic Culture:
fa) Gas production in twenty four hours.
(b) abundant top growth.
(c) srowth - ..oist, white, turnine pink then deep red
below surface of top growth.
2, snaerobic Lulture:
(a) Gas production in twenty four hours.

(b) Growth - Below surface of oil but no color.



III., 3. mycoides.

1l. z:erobic vulture:
(a) was - Lone.
(b) Yop growth slow in developing.
(c) vrowth - ..oizt, white,
(d) nindered by 37 degrees .

2, =naerooic vulture:
(a) sas - Lone,
(b) srowth - 3elow surface of oil.

1V, 3. mesentericus vulgatus.

1. aserobic vulture:

(a) vas - uone.

(b) Top growth slight.

(¢c) srowth - Lizht tan in color.

(@) drowth hinderel by 37 degrees C,
2. anaerobic Culture:

(a) Gas - lione,

(b) white growth in tube.

Discudsion of Results.

This work upon spoiled cannec peas has necessarily been
limited. i'or more complete data bacteriological examinations
should be made of cans sterilized by the several methods and the
worx should be carried on for several seasons. This has been im-
posgible in the present instance., However, some very definite
conclusions may be drawn.

since the organisms found in this investige*ior rasnuble

3. subtilis and other soil organisms, it is reasonable to suppose






that 2ll are froa that so.rce, The means of contamination may have
been from one or all of three sourses: Dust on the pods wmiay have
been trarnsferred to the peas in shelling; there may have been dust
on the hands o. trose shellin~ the peas which would be transferred
to the peas; dust fro.. the air umay have settled upon the shelled
peas in the roow or refrigerator when left over night. 4As the peas
shelled and canned the sa.ue day showed ~ much lower percentage of
spoilage than peas partly shelled and left until the next day ve-
fore canning, this last rethod of contanination would see.. an im-
portant one.

The prrcentage of spoilace was much lower in peas auto-
claved than thoze sterilized by any other wethod. ihis doubtless
accounts for the hizher percentzze of spoilaze of home canned peas,
usually carnned by the hot water bath method, in comparison with
the commercially canned product.

The coniercial canner is especially careful to have his
peas canned as soon as possible after cutting., He is also very
thorourh in washing the product before canning. Doubtless here is
the gecret of the low percentage of spoilage as his process con-
sists of heatinzg the cans at 112 - 115 degrees C, for 35 to 40
mirutes,a temperature withstood by the organisms described in this
paper.

‘he ability to form gas in peas seens to be due to the
action of organisms upon some protein or proteins found in peas and
not in artificisgl media. It may be possible to further differentiat:
between sinilar organisms by use of peas as a medium since organisms
not classified os zas formers were found to produce gas when so

testad.






SUmmary.

1. The lowest percentage of spoilaze was found in peas
sterilized i1 the autoclave.

2. reas canned immediately after shellinz had a compar-
atively low percentage of spoilage.

3. Urganisms found were all spore forming bacilli.

4, 211 organisms withstood from ten to fifteen pounds
pressure in the autoclave for ten to twenty minutes,

5, Liearly all or~anisms reduced starch to sugar.
6. Seven of these organisms caused peptonization in milk.
7. But one organism found failed to produce indol from
peptone,
8. Zight of these orgaenisms found in peas produced gzas

in these mediwn but not in other mmedia,

9. B. subtilis and 3. ramosus produced gas in peas but

not in other medis,

Conclusion,

The spoilaze in cold packed canned peas is largely due
to the presence of resistant spore forminz organisms which are not
killed by the prescribed method for sterilization,

Therelfore, pvefore canning vegetables, the product should
be very carefully washeu to remove all soil or dust and thus re-
move a greater percentage of orzanisms.

The time for sterilization of vegetebles should be length-
enedi so that the center of the can may be at & high tewperature suf-

ficiently long to kill these more resistaont organisms,



Sterilization of all cold packed canned vegétables should

be carried out by the pressure method.
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