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THESIS



PERPFTTATION OF MILK STARTERS,

In the modern dairy, creamery, or cheese factory of

~ 4

to-day, a starter for securing the desired ripeness cf the

[

milk or cream has hecore an indispensible factor in making
the 'est and most wwnitorm quality of eitiicr» butter or cheese,
By the addition of a starter the ripening proces:s is not only
hastened, bnut in nany cases the undesirable bacteria already
in the vat a»s held in creck by the predoiiinance of the
starter added,

Tha dairyman secnres these starters in various ways,—
sore take buttermilk or skimmed milk, and set it aside
unﬂof suitable temper:ature until it has vecorie sour, thereby
dsveloping the germs in the milk., In this method it very
often hannens that the milk or muttermilk used as a starter
coritiing undesirabie germa. Thich are not held in check and

Mmiltinly with the desirabie ones, until wiien introduced into

flavor of the butser or chesse. Another way to secure a
starter is to obtain a small anount of' hole milk in the
cleanest possible cordition and »mt in a c¢'ean place to cour,
While this is a better astiiod thian the £irst descrived ag
even though tie milk is secured rndcr the cleanliest condi-
tions, yot there are many chances for undesirable gerrns to
get into the milk and there increase trrom day to day until
ultinately they seriou:ly arfect tile rfinald product, Still

another, and the most corion and best vay of securing a starter,
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is by ourchasing a bottle of cormrercial starter v ich contains
the " acteria in a concentrated form and viien a-ded to milk 1t
2ives a very stronz and vigorous ripener., The contents of

ore of these Dottles are emptied into a con of pastenrized
rilk, anl this allowed to ~our, A portion of *tIis is tlen
taken out as a starter tor a new ean of milk, the remainder
being put into tiie vat. This Lrocess is continued until the
starter, not heing Xert pure, hacones too weak for further
use, vhich is usually anout two waeks, wiaen a naw bhottle ruust
hbe purchased, Vhile this is a vory errectual ecthod of se-
ciring a starter, vet thiere are 1any favlts even to this rmethod,
arong which are tie 7ollowing:

1. It necessitates buying a new rottle oi’ starter
evary two weeks, which is an inconvenience nct alone because
of the cost, Mt since tiie srarter will K ep only a very
shiort tine,it mwst be purchased by single nottles rTron the
Lamracturer,

2. O0ftentinmes the bottle of starter becoies contami-
nated, and this contamination may cause trouble in milk or
ecrean,

3. The dairymen seldom pasteurize their milk sufficient-
1y to XKill all the undesirible germs in the milk used as a
starter,

4. The room temporature varies so from day to day

that tlere 1s ro uniformity of the starter as it goes into

the vat, and hence no unitformity of tlie rinal wvroduct,



The objeet of our thesis was to devise or discover, il
possivle, so:ie method by ~hich the objections to the
starter.now in use would te obviated or at least decreased,
in otlior words, to Aiscover some riethod by which we coild
secure a starter consisting only of tihie desired bacteria,
and free from undesirable ones, and one which vculd retain

and
its vigor,ﬂnot in the least become attenuated, and timus do

)

avey with the exvense of senurirg a riew starter freaquertly,
Suchh a process mist necessarily fulfill seven essential re-
mirements to nake it suncessful, Firgt. There mist be

a pure ~culture ov the desired bacteria wo o*tart vith, for if
rore th: n one species were present ore might s»on hunnlqnf

tiie others, Second, To overcona tite Aifiiculty of using
mllk A’ a mediwmwiisii 13 not thoroughly sterilized, -ome

means mist ve atfarded by vhich ve could secnre sterilized milk.
Third, There Imst be an abundant supply of oxyz=sn to

vrowcote the zrowth of tlie hasteria in the starter, Fourth.
There munt be a total exclusion of foreign germs, ro» iff germs
Irom tie air were allowed to z~t into the starter it would

soon vecociie contaminated witih undesirahle ;erms and the de-
sired bastoria wonld lose their supreniacy. Frifth, A uniform
tenmperatiure Mmist ve maintal ned, so that a certain strength

of starter can be derended upon for a certain amount of milk
of/the:starter
usa2d and a certain tine of development, Sixth. The acidity,

at which the sterilized milk is introduced must be so regulated
as to secure the meit vigorous growth of the gorms, Seventh.

An effecturl neans rmist _he secured gf drawirﬁ ovf the ripened
starter, rrcun the vessel in which 1



The firat of these conditions, that of securing a
rre culture, was perhavs the casiest to Mulrill, the
lactie acid ~rm of rmilk being very good 1or tle rirening of
crean or milk and giving a good flavor to tie product. It
grows well in a nediwn of 7ilk wunder eordinary temporatures
and eonditions, so All that vas needed to secure a pure
culture was to isolate a vigorous lactic acid unri,

In secnring each day a quantity of sterilized milk
to ne used as a nedi® we conceived tlrat hy a series of three
cans /o arranged tihat the milk could be heited in the first
and then dravn o:T into the secord can and heated there
the second Aay, and, finally, drawvn into the third and heated
tihere tre third time, tiiat i€ s1»h a process as this were
secured, we could by introducing a certain (nantity of
milk into the first can eadh cday be able to draw o:7T from
the tiird can vie sare amownt of sterilized milk, Our main
dAivficenlty l.ere was to secure a means by vhich the milk could
be earied from ore can to the other, At first we thought
a series of grphons wonuld do this, but on ex.-rimenting we
founl that bpecaiuse the specific sravity of the contents
of tiie threa cans were tihe saueg,tl.e milk frorn one would dif-
fuse throughout the otlier two., later we concluded that if
the cans were placedA one above tle cther =2nd conrected with
tubes clcsing by a "stop valve," that the milk could be run
from one ecan to the other without mixing, The sane arrangement

would affordi a means of conveyving sterilized milk from ti.e






cans to tihe vessel containing ths starter, 7To suuoly Llenty
off sterile oxvgen we conceived that sinee sor o vould not
pass thirongh cotton wool plugs or asuestos, openings couvld
be 1rade at the top of the starter can a4 these openings
7i1led with cotton wool or asvestos, To exclude all fToreizgn
zerm:s would mean that all covers and orenings to noth the
cans in vhich tiie milX was sterilized and the vessel in which
tiie Ture culture was grown nust be mads with tightly fitting
serew conrections, The cheanest method of maintaining a
practical uniform temo.erature for tie siarter can
was to pad it with ashestos and leave a dead air space bhetween
the paided walls, Cne or tie greatest difficulties in plan-
ning the entire device was to secure a valve sinmple enough
to draw o7f the rinened starter and at the samas time k=ep
foraign gerus out of ti:e opening, After examining e con—
structlon of several 4Aifferent kinds of valves, we decided
that a large "ecut off" valve would azcomplish this, TFor
Aiagram of the entire device see rvage 10 with index to the
sane on page 11,
After this diagram had been made it was found thiat to
make the device durable and perfect it mist be jmade of tinned
orryer, Neither thie tire alloted to do the work or the finan-
cial means would allow us to construct the machine for our
thesis work, so that to find out as far as possible the prac—
t icability of the device we had rlanned, we resolved to test

it with a cheaper device., We had a tinsicith make tor us a

set of cans as on Daze 18, Ry the use of these cans and the






steam sterilizer in tile 3act:riological Laiboratory we were

able to secure ~azh day sterilized 1rilk, TFor a starter
c an we were avle to u=e a one and one-half leiter flask

into Thich was put thie pure culture lactic acid germ, to vhich
wa3 a'ded, by neans of a mibber connection, the stearilized
1711k tfrom the cang. The rivered starter wvas drarn o:f by
means of a glass gyrhon, Oxygen was surrlicd by alloving

tlie air to pass through tie cotton »lugs. This aypraratus

was a very eriude way of testirg tile device wiidch we had
piamed,, for there were riany thirge which ve could not
control, suwh zs the temperatnre of tiie starter and contamina-—
tion with foreipn gems,becanse of the erude connections used.
Totuvithstanding these dirficuities,we succeeded in carrving

on a nure cnlture ror seventeen days witihout zsontamination,
rvirdng whidcenh time we secured tie following results, using

each day 1000 c.c. of 3ierilized .iilk as a medill,

1. Tine required for heating to ruily s*terilize.l1000 c.c.

of milk was thirty minntss each day for three suscessive days.

o

2. The acidity o the milk was aprarently not clanged
by sterilization. The acidity varying #rom 15 to 25 degrecs,
It was found tihat if the acidAity got above 25 degress the milk
would curdle upon heating.

3. We found tihat the amecunt of starter to be used to
secure the desired thickness necessary fror a first class
starter depended entirely upon tie temierature of the

su»row ding roem, We found that when 20 c.c. of the culture

»ag used and subjected to a temporature of 35 Aezrezes C.

nat it required only about fifteen hours for it to sour.






On tie otiiar hand, if only 15 c.c., were used unier a tem-
neratire of 10 degrees Co 11 required 48 hours for it Lo sour,
Since it is rnost convenient for tie Aairviicn to so develop

nisg srarter as to have it ror use every 24 hours, we endeavor-
el to establish as accura“ely as our crude apuaratus woulid
wermait, a table stating the dirferernt armounts to be used

for the different temperédures, so ti.at each vwould .ave the

Lroper developrient in £4 nours,

Table is as follows:

Amnonnt of Milk Used., Temoeratitre. Armount Starter Used.

1GCC c.c. 12 ¢, 40 c.c.
" v 14 " 35 "
" " 15 " 32 "
" . le * 0"
" " 17 » Lss "
" " 18 * 2L "
" " 19 " g "
" " 20 " 15 "
v " 21 ¢ 22"
" " 22 " lo »
" " o3 W g
" " o5 W 5w

As it was inpcssible for us to corpletely control the
temperatire of the room, this 1i: rather an apiroxirate cable,

tut it is accurate cnough to prove that a direct relation



shonld exist between tle aronnt of siarter to pe used and the
temon ratire. of tiie starter can,

4, We found that there was no trouble in the milk clog-

ging because orf t:e heating process, and also none in the

ripening of tie starter if it were drawn o:f at the time
it had reached the stage of a first class starter, hut 1if
allowed to curdle or precipritate tiien there was considerable
clozging.

5. It was found that we got the moat vigorous growth
of tiie reris wiien tie sterilized milk was put into a sturter

of about &0 degrees acidity.

The conclusiors of this thesis are as follows: -

From the work done with our temporary device we felt con-
fident that thie machine ve had planred, if well made, would
provide a starter which would be mich petter tiian tire starters
now used cnd at less cost and inconvenience tian is necessary

in securing the inferior starters now in ure,
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External appearance of the designed aprvaratus,
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Diagram of the designed avpparatus, -
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Explanations and Specifications fot the Anraratus,

As a matter of convenience, the four departments tlirough
vhich the milk passes are lettered "A","B}"C," and "D" in
the diagram on page 10, Departments "A", "R, and "C" are
the three cans through which the milk passes during the
process of steriligation and are enclosed in a steam sterilizer
represented by red lines, Department *D", below the
sterilizer, is the starte» can and is enclosed hy a chest,
al:o represented in the diagram by red lines, Each separate
department has a vent in the cover, ("D" having two), in
which a cotton wool plug is to be placed to allow air cir-
culation vut excludis germs, The cover of can "B" is firmly
attached to the hottom of can "A" by means of two braces and
tre conrecting flue, and the cover of can "C" is connected
to can "B®" in the ssme manrer, The cover of can "D" is
detachable irom the bottom of can "C" by means of a screw
coupling. This is to facilitate taking the apparatus apart
wiien cleaning is necessary, All covers of the four depart-
ment.s screw on tightly., The double-walled chest enclosing
can "D* is to be packed with asbestos to prevent as far as
Possible any fluctuation in temperature, The sterilizing cans,
ventilators, plug valves and flues connecting the four
departments are round a feature not shown in the diagram
on page 10, but fairly repr~sented in cut on page 9,

The measurements for departments "B* and *C" are not

given, ThLey are the same as those given for department “A,"
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The steam enters near the bottom of the sterilizing
jacket, passes np through & perforated partition, and coites
in contact with the departments "A", "B", and "C". The con-
densed steam 1s carried off through a small vent as represent-
ed in the diragram, The whole apnaratns should be made

of brass or copper, or a carbination of both,
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Diagram of the apparatus used.

Departments “A'%, "B'", "C'" anc "D'" correspond to
departments “A", "R", "C" ard "D" on page 1Q,

The 1'lues coninecting thie der:-rtments are rubber, constrict-
el with special clamps, to tale the place or the plug valves
in the ideal appar: tus, Derartwent *D" is a cormon 1 %

leiter flask fitted with rubber cork and glass flues,
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