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The Action of B.coli in Milk,
Tlie Puipose of the Work,

Altho B.coli of various strains will ferment lactose
and dextrose with the formation of gas of varying amounts,
tloso 3awe treins will not ferment milk with any appreciable
arounts of gas being produced, though there is in solution in
this medium as Ligh as 4% and 5% of lactose in its pure form.
Becoli Zinls iu wmiik & favorable medium and the curd is thrown
égwn in a short tiwe after inoculation, but there will be but
11tt13 233 proiuced, Iue purpose of this work wes to find out
il po33ivio iy no gas was preauced. There were several poss~
ibili%7 33; *ho lsactose might not be in a form accessable to
the organism, the wilk being a substance which readily abm
sorts foreign subslances might absorb any gas produced, or
the proteins present were not the proper ones or were not
accessable to tl.e organism. The pirpose of the experiments
was to find out if possible if any or all of the above reasons
were correct,

The Media Used.

Milk being tie material in question it was used in one

form or anotlar ioroughout the work. The milk was obtained

as Tregh =+ pecoible swo of high grades.
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Sterilization was accomplished in the "Arnold”® by the
siuccessive mevhod, the milk being heated for from twenty to
thirty minutes once a day for theee days, This slower method
was employed in order to avoid the charing and consequent
brownirg of the milk which often is dome in the autoclav, In
the first part of the work the whey was obtained by precipit~
ation of the cird with ailute acstic acid, filtration and
repeeted weshingd of the curd with water to remove all the
sugar. T..8 whey llus oblained was neutralized with dilute
NaOH and sterilized in the arnold.

The curd wkich was obtained was washed two or theee tims
to free it from all the sugar and other soluble substances,
and was redissolved in dilute NaOH, Approximately the origin=
al anount of albwuen was dissolved in water and added to the
redissolved curd. In preparing this medium the amount of
water normally found in milk was used, The albumen used was
taken from fresh eggs.

Tr.e rediscolved casein was neutralized with dilute HCI,
care being taken nol to acidify the solution,

Where broth was used as a control or with milk the stand-
ard nutrient teef bLroth was employed with I% peptone and 1%

of whatever sugar was desired, excepl when otherwise stated,



The peptons broth was made as follows;

Witte's Peptone —~——--ecmmemaaa- I gn.

At first only tne smell inverted tubes were used inside
tiie larger tes. tuves, While they were sufficient for mere
qualitetive determinations they were found to be entirely in-
adequate for sny exact quantitative work., These then were re-
placel with the Sumith type of fermentation tubes. In these
it was possible to determine the amount of gas and also the
composition, Tue larger tubes did away with the choking up of
the apparatns witl, tue curd such as took place with the
smaller tubes,

Organisms Employed.

Diffarent strains of B.coli were employved. These were
obtained {rom various sources. Strain No.I2 was a culture
isolated from - sample of human faeces. Culture No. 14
was isolated frow wilk, Taey were tested as to gas producing
power in dextrose and lactose, especially tiie latter, end
kept activated by i{ransfers on to agar plates and into
broti., Strai. Mo.,I4 was B.coli communior.

Tabulation of Data.
In tle Pollowing tables the results obtained are set

dorn. in tle order in which the experiments were done.



4,

To ascertain whether the milk would absorb gas produced

a set of tuves was inoculated in which there had been placed
varying amounts of I% lactose nutrient broth, The following

aata was oltainec.
Table No, I.

| i Media .l cc. | O ceC, I cc.| O cce
Plair Milk — — + —+
Suyrar ?PB»; Mx e —+ —+ ~ ~}-
e + + |+ ]+

+ wusignates production of gas,
Ore of the possitle inhibitors of gas production in
nilk wes Lere eradicated, namely that milk would absosb the
gas producal, for nere was opbtained as much gas as with

straight lactose brotiie

In orcer Lo Celermine whether the organism used the
sugar of the btroth introuuced in the above case, or the lac~-
tose normally found in the milk, another set of tubes was
treated with 0.5 cc. of plain nutrient broth and inoculated.

The following results were obtained.



Table No,

3.

.l cC.

.5 CC.

I cc.

Check *

Plain Milk

+

_+_

+

Sugar free Milk

172 Lactose in

slight

R X NP DU i
LTRALBS0LVEL CUuld

*plain milk inoculated as the others.

As here no new sugar was introduced it is plain that on}y

that of the miik was used in the formation of gas.
Another inhibitor was thus eradicated, nemely that the
sugar normzlly found in the milk was not available for the

metabolism of the organism in the formation of gas.

It was now left to determine if possible the role of
the various proteins already present in the normal milk and
of those introduced, \

It being suspected that the peptone in the broth might
somehow be active in the gas formation, a set of tubes was
inoculated in which there was milk which had been treated
with varying amounts of peptone broth of wrying strengths.

Table No,3 shows the results obtained,



Table No,.3.

Media

.l cc. | D cc.

I. cu.

_+_
R

tiis sxperinent it was found that the mere trace

Plein Milk with 5%
peptone

Plain Milk with 1%
reptona,

Wit
of peptone was sufficient for the gas activity to be set up.

With as low as 0.I cc, of a 0.5 solution of peptone in 7

cc, of milk there was a positive reaction,

In order to determine if the peptone alone was product-

ive of gas a sel of tubes was treated with varying amounts

of "peptone free* nutrient broth. The following data show

the results.,

Table No., 4.

Media

.1 cc,

D CCo

I cc.

Check*

Plein Milk with
"peptone free" broth

+

_+_

——

4_

_+_

4_

*Pleir rmilk was run as a check.

It was thus found that the opher proteins were also cape

able of stimulating this gas activity on the part of tlxe

colon orgarim,r

It wes thought best to discard the inefficient inverted
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tubes so far "1sel and employ only the Smith tvype of fermen-
tation tubaes.,

Esseatial’y tus same experiments were performed using
tke followirg varions forms of media: whey treated with
peptone Trotly; straight wilk treated witii peptone breth;
whey and straipght milk treated with nutrient broth, With
these was mm a sel countaining lactose and dextrose broth
of varying composition., Following are the results.

Table No. D.

M:dia Tubes Gas,

Peptone I%. 24' hr8¢48 hrd
Lactose 2%. Water I -2, 22% 35%
Lectnce I I 12%
Bretr, ( rertiue frec) 2. 12%
I 12%

Pleir Millk, 2 none
Milk I 25%
.l cc, peptone Broih, 2 20%
Milk with .Icc, I 28%
peplone free hroth 2 15%
*Whey with Icc, I 15%
peptone -roth, 2 12%

Dsxtrose 1% I 50%
Pantona I% POUlL. 2 45%
I 22%

Lachose panhoas oroch 2 22%
Water 033% none
Laztasze 1% none

*The whey was obiained by precipitation with acetic acid/.



The effmct of peptone upon lactose was tried and come
pared with the same without peptone , As will be readily
seen the peptone and lactose gave a considerable amount of
gas, while lactose and water gave no gas{ The peplone seems
to be sufficient for tke metabolism of the organism,

The datea above also shows that milk with peptone broth
gave more gas than the same with only the "peptone free" num
trient broth,

The whey wiile giving gas with the addition of peptone
broth, was slow in action and even at 48hrs, when the other
media were producing more gas was still low in production,

The other media, i.e. the lactose and dextrose broths

were used as checks upon the milk and also the organism,

In the following tsbles are shown the resulis obtained
with various media such as whey, nutrient broth, and peptone
broth, milk with the same ingrediaents, milk made alkaline
before inoculation, and lactose broth of varying strenghths
and of I% alkalinity before inoculation, The final reaction
of the media was determined at the time of final reading,.

The casein used was precipitated with rennet and redise
olved with dilute NaOH,,The milk being fresh, produced a

neutral whey which was used as obtained as the filtrate from



the curd.
Table NO.6.
Media Tub es Gas (%) |Acidity
48 hrs. ave(final)
Milk with .5 cc. of I -2-3
nutrient broth 4 - 5 - 6| 80=-50
Milk with O cc. of I -2- 38 55-35-85
eptone broth 4 -5 - 6| 70-60-75
Mill: witl .Obu. of I - - 8| 60-40-40 _
nutrient bLrotf! (I% ai#—- 5 - 6| 30-35-80 | &I 0.6%
Millk (I% >1]) rithebce|l - 2 - 3 5035-80 )
o peptone Liroll 4 - 5 - & 50-70-40 | 54 2.25
M) (.78-17)1 JLce. I - 8 - u| 10-40-40 ‘
of rulriais ';~'ru'Ll. 4 -5 - § 55-—38—80 43 3.6%
2378 ) eeee, 1 - 2 - 8] 36-50-70 )
iﬁ m(ﬂ.)’r,%:;-:; ’,):1'0";1“- 4 - 5 ~ 6| 60-60 56| II1.2%
Wo.o- "7" ‘:' ..w . 0. I -2 -3 30-35
- 4 - B -6 30-26-35 | 3l
Thos STth Bos. of |1 = 8 - 8 30-30-15
peptone broth I -5-6 50-25 32
I - 2x- 3| I0-I03I%~
Lactose broth (I%) 4 -5 - 6| 15-20 14
1 -2 - 3| 15-20-25
Lactose Hrotl. (2%) 4 -5 - 6| 25-B0 23
I -2 -3 30-40-25
Lactosa orot.. (3%) 4 -5 - 6| 25-10 26
I -2 - 3 30-20-20
Lactose orotl (1%) 4 - C— 6| 28-38-25 | 27
I -2 - 3] 25-30-%5
Lectosa wrotl, (08) 4 - 5 - 6] 30-20-30 30
Laziosa Hroty (53) I1~-2-~- 3| 28)30-230 ,
I 10aliss 4 -5 - 6| oF-40-25 | 30 1.2%
3t (1%) § -8 -8 25-20-50
1% ollnling 4 -5 - 6| 70-40-40 | 38 2.2%
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It is epparent Lhat the proteins normally present in
milk are not such asare needed for the gas producing metabole
ism of the orgsnism. If however peptone is added it is apparw-
ent also that tlie proper element or elements have been supsl
plied, Peptone is a very complex molecule, its composition
is still a matter of study and therefore the element or ele-
ments furnished for the metabolism could not be detsrmined.
A simplier substence was sought for the purpose,
*Dolt in his work with B. coli used various comhinations
of amino acids and other proteins with water to determine a
good medium for the growlh of the organism., He found that a
medium composed of
Asparagin sm—e=m—-—==1 ogm,
(NE,) JHPOy =-m=-- 0.2 gms.
Water ~—=-=—-=— 100 cc.
made an excellent culture medium for the bacteria,
TKeyes made a medium composed of
Asparagine =------ I0Ogms,
Ra2HP04 . e 2 gms,
Wateor ————m—m—e—— 1000 cc.
which was an excellent medium for B.coli They both found

*Dolt, Journal of Inf, Diseases, vol,V. 1908, p. 616,
TKeyes, Journal of Med. Research, Vol, XXI. 1909, p.69,
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that tke phosphorous present was a distinct advantage to
the orgerism altlough they do not say in which way., In milk
there is already present a small quantity of phosphorous
in the form of calcium phosphate and phosphoric acid™* Aspar-
sgin with water alone gave no growth at all, Neither did
urea witn either give any growth, It was evident that the
orgenism needed votl. the phosphate and the protein,

For the simpler substance urea wes used. This has a foxmm-
ula CO(NH.)» and is easily broken up., I% of this substance
was dissolved in the milk, and also in whey, For purposes
of comparimon I% of peptone was dissolved in samples of
milk and whey and inoculated. There being alwags present in
the protein molecule Nitrogen, some of the milk was ireated

with a streem of nitrogen from a generator in which were

placed BH,0l ~~rmmmmmmm oo I2 parts
NaNOy ——-—mmmmmmm=m 3 parts,
wate r ~—mm e 20 paris,

The gas resulting from the gentle heating of the mixture

was led through a wasi bottle filled with water to ramove
any acid which might have passed over. The milk thus treated
was placed into Smith tubes and sterilized in the arnold for
half an hour,

The following table shows the results obtained..

*Leach ~ Methods of Food Analysis,
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Table No,7,
gas (%) Final
Media with 48 hrs, 72 hrs., 96 hrs, H2/002 Acidity
urea 5 ~5 |Ib=1I5/I0 17| B5/I
Whey (1%) 0-95 |20 - 25|80 - 30| 3/1I 2
25 - 40/35 - 80
Whey peptone |40 - 35/50 - 50 3/1
(neutral)| (; 60 65 - 40 5/1 92-8%
I0 - 25(40 - 4045 - 40
Milk urea I0 - 20|30 - 45(40 -~ 40| 5/3
(I4) |20 - 15|35 - 40|35 - 40| 3/1 1.4%
80 - 85
Milk meptone |55 ~ 80 5/3
(12) |75 - 40 3/1 I1.4%
40 - 30|50 -~ 55|40 - 40
Milk pitrogen 30 - 15|50 - 30(50 -~ 40| 3/I 7e
/ 30 - 3560 - 60| 3/I
7 =TI
45 - 75 2/1
Milk peptone |36 - 30 453
2/1




134

In all sases the whey was slow in the production of gas
with urea, while with the peptone the gas production was on
the average about as fast as with the milk and peptone,
However peptore gave the bester results and seemed to make
the more favorable medium,

The work with the nitrogen was nol repeated to verify
the results, What the action and cause operative in this ca
case may be must be worked out with more experiments than
have been performed in connection with this work, The end
products in sll cases seemed to be normal at least as far
a the 00, and Hy were concerned.

In meking a thorough study of this subject a fuller
knowlsdge of the composition of the milk constituents is
neessary than is at present at hand and also a better
understanding of the composition and constituents of the
protein molecule,

Much -as been done along the line of synthetic media
and this work has opened up the possibilities of the con~
stituents of milk in the meking of such media.

Summary and Conclusions,
I, The lactose of milk as normally found in solution

there is fermentable by Bacillus coli with the production

of acid and gas,
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II. The milk does not absorb the gas at least to any
great extent, as at first thought possible, On the contrary
there seems to be more gas obtained with the orgenism in

milk than in the standard nutrient lactose broth.

III,The proteins of the milk are somehow not available
far the gas producing pover of the organism used and a

foreign protein must be added before this production occurf,

IV, Peptone and Urea are two substances which somehow
allow of gas production, the former in greater amounts or

in more availeble form than the latter,

V. Free Nifrogen when bubbled through milk smems too

be sufficient for this actionm,



