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FERMENTED MILK.

A study of the subject from a practical business standpoint.

Three important questions answered.
1. 1Is the manufacture and sazle of ferrented milk a
profitable undertzking for firme engesed in the dis-
tribtution of morket milk ?
2. Can the process of manufscture Ye controlled so as
to overcome tre otjections that have Teen raised against

it?

3. Has Bacillue Bulgaricus auy advantage over the cowmon

lactic ~cid cultures?

36310
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INTRODUCTION.

Many &articles Yoth technical #nd nopular have teen
written on this subject during the last eight years. The
most of the articles pubhlished consider the subject from
the medical standvoint, or tne use of trne nroduct on a
small scale. It is the vnurpose of this study to show the
practical application of it and its value to agriculture.

Circular 171 of the Pureau of fnimal Industry, U. S.
Department of fgriculture, entitled "Ferrmented Milks",
givee the most comnlete bibliography end summary of the
work done on the subject that has heen published to date.

Some additional articles of interest in this connec-
ticn are:

1. Douglass: "The Facillus of Leong Life", lational
Food Yagazine, ''sr. 1911.

2. Dunn: "On the use of living lactic acid bacilli
to combat intestinal fermentation in infancy", Archives of
Pedistrics, Aor. 1907.

3. Kendall: "Lactic Acid EBacilli: What they are
and wvhzt they are supvosed to do", Archives of Pediatrics,
Aug. 1910.

The subject is divided by common apnlicaticn into
two parte:

A. TFermented skim milk 2s a substitute for butter-
milk.

B. Svecisl fermented rilk.



FFRVTLTED SKINM MITK.

Skir milk - Tuttermil¥ or Cul ture Process Buttermilk.

The use of ekim milk fermented with lactic acid

racteria =as =z substitute for buttermilk.



Statemrent of existineg conditions.

Much tutterrtil¥% sold to-dey in the large cities is
not fit for human food. The demand for buttermilk greatly
exceeds the supnly of cocd buttermilk, and it is coxmon
practice zmong milk derlers to churn all sour milk and
cream, snd milk and cresm returned from the routes which
is too 0ld or otherwise unfit to send ocut agzain, and to
sell it as and for buttermilk.

Sometimes this is ripened over night with a pure cul-
ture starter Lo irvnrove the flavor and secure uniform con-
sistency. Frequently skim mil¥ is mixed with it and 211
ripened tocether.

Much of this milk, esnecielly in hot weather, is in
an advanced stare of decornosition, s indicated by foul
odors, gas Yubbles cnd severzticn of wvhey tefcre it is
durvec into the vet for rinening previous to churning.

The attitude of sore munagers and superintendents
on the subject is shown by the followirg: In one instzance
when I objected to churning end putting out as buttermilk
the rotten mil¥ that wes teirng durved, the renly of the
superintendent wes, "There is a chance for you to show
your skill in meking & salakle product out of it. Ve have
not enough to supoly the derend, and as lonc ec oveople will

pay °# a quert for it, we can not «fford to throw it away".



Frequently there is mixed withn thies milk after it
is churnec, the tutterril¥% obtecined from crurnirncs cream
gathered from the farms for buttermaking purvoses. This
is ususlly o0ld, sour end ved flavored.

In the surrmer tire the crecm is ofte:n fozwing out of
thhe cans on arrival at tre olant, due to contueminetion
with yeasts and Yscteris and not Yeing ¥%ent cold. The
acidity is so high thet many firms use lime water to re-
duce it. In the wirniter when weather conditions are more
favoraYle trhe creass is keot longer on the ferm end is in
nearly &s bod condition when received. The follewins dota
from a recorc keot Yy me ¢t tre plant of the Polk Scnitary
¥ilk Co., during Lecerter, 1912, and Janucry, 1913, shows

a common conditicn.

Tecerber 1912  Totol crear shiponers 165

Lumber sendins tut cne cen durire the month 29

(These werre vrobr¥ly new shivmers or tricl svioments)
Number sending cream once a week €4
Number sending cream oftecer ihan once = week 18
Lumber sending rore than s week avcrt 54

Forty-one «f tre fifty-four had shiprmenis 10 to 17 days

apart.

January 1913  Total creaw shinners 158
Lumber sending Yut once durins the month AR
rumter sendiing ofterer than once = veek 14

(Four of these sent twice = week, ten sent 4 to € days

spart.)
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Number seundinsz once » wee¥k 25
Number sending more than & week apart 76

Of these, 61 sent § to 1?2 days evart, c«ud 15 sent 13 to
17 days avert. Torty-nire hsd shioments from 10 to 17
days apart.

Triere are three mwain reasons for this condition:

1. ZXconomy.

The farmers keep but few cows end 1t trkes ceveral
deys to met = full c=zi of cremm. The cost of sending a
can nartly full is s zrent as trat of sending &+ full
can. 30 s&ve time in houling to tre et-tion, =nd to save
freignt cherzses they shio only whea trey et = o= full.
2. Corpetiticn.

Three larze firrs :re tiying from the snre territory.
IT one firw tries to enforce quirlity regulcstiorns the for-
mer ill shin to one of tre cther “irws.
3. Ignorance +ni carclessnese on tre nert of the feorrer.

fore farreres do rnot “now or will not telieve th=t
their crear ir tzd. Cthers 3o rot crre go long #s they
get the came price.

A recent renort of the U. 5. Dept. of Zgriculture
states trat £2 1/27 of the Ytutter wrde in the U. S. is
of inferior guzlity because o7 bnd cream.

The tuttermilk ohteined unier theee conditione, al-

though beinz retter than that from decomnosine 71ilk, be-
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cause of the fsct that the cream is Pesteurized, is not
what we live to consider & pure food.

Throush nersonal exverience in Taltimore, Tetroit
and Indiancvolis, and throush orservation in some other
cities, I ¥now the condition of tre tuttermil¥% tusiness,
above descrited, to Ye guite ~Teneral. The following copy
of & letter from a dezler in Trniledelphic confirrs t-e

statement for that city.

Hartison's Tairies
20195 Treer Street

P}lll &

Qs

¢lphia, Ter. 5, 1713.

~

Dererding e su¥lect of intrrest Lo you

concerning e srle of Yutierwilk in Thililelonis &nd

&)
'
.

Lre
nrice therevii.

Fllow 1e to state #7"Lrr suvecriio Lo meversl larce
dealsre in thie clty trhot trey couvld .t give rny Ti-ures

in any wry of volue to you.

tuttermily, sore scur rilV-"niltoilV and in —ony e ces
a mixture of the ctove s0ld ot T 2 qt.

The mejority of the dealers sell tutterril¥% e =z side
line tc usc up surolus :ad o nst oretend to heve =ny sne=-
ciel quality of Yutterwilv.

Hopinz this vill Y2 sstisf:ctory, I rermsin

Yours resreziful

[

(Cimned; Tobi. J. Harlison, Jr.



Crecm is onurcehiesel for =t 2 nrice Taced
on the mirvet gquet-ticus for Yuvtter, which 2llows for nro-
fit in rwenuvfecture vitrhout considerian; -ry retvrns for the
Yuttermilk. “Torecver raun, firve £211 Lve tuttermilk far
stoek Tcod. The velus of the truttermil¥k therefore neced
nct stend in the vy ¢of = cherze to the sWir ~ilk %ind.

Ve Wilk Cupply .

It is rnecercrry, Tor =il distritulsrs Lo secure mil¥k
from erncugh rroducers to svpaly e Jorand Jurics tre wor-
tica of the yeov " ren ha Woeyenly 1o oot ita Towest
point. lhere is «lweye © tive Qurinz tre ecrly ~ort of
the surrmer, =21 otannionally on other tiwes, -
rly ~re:tly axeecls Ano JevonTe Of the noncvrers.

“his sur«lus 2il% ras to Ye c¥ivred cad e ncren
rede into ltutter, soretimes ot o lJcer Veoruse ¢f tre facot
that tne wrice neild “or rll¥k is =logve the volus cof the
creanm Ttutter wekin~ “wurooner. Fort of tre glir =il
ey Ye mi e inte cottere chieere, Tul r8 o sunly cen not
Ye gruranteed regulrrly it is JifTicult to find a 7Tarket
for learve gusutitics fTor chiorl veriods unly

In oo?itivn Lo Uids skir =+ 1Y fror ¢ rrlus ~il1%,
trere 12 fFrequenlly o surolus oFf s¥in ~{1% left Tro.
skimmings wilk to el crern fTor Lre Ccvvry bonlol

I hhave ¢esn in Tetlroit in 1700 ¢ad 1710, end in

(02}

~~
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The Yenefits to the decler ia U 1o cose were!
Increnseld aules.
A higher price.
A saving of muci wil% that wes Teins wonstel.
Petter satisficd custorvers.
Good will and recowmendations of the nnysicians aand nealth
officers.

-

The consumcrs zot & ourer fooud.

Veilnod of lianufacture.

-

Tueh of the wil™¥ Yrousnt to trhe Iadiensznolis morke

is from Jer=zey cows ond ie rich in totsl solide. ™Men this
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ple were used to trin Yuttermi
consistercy . In order to ox=tisfy this idea in the oublic
mind, we found 1t necessary to dilute the skir milk Yefore
fermeniting it. After nine drys exp€ri$enting with dilu-
tious, zradually wor¥ing down and mettineg exoressions re-
carding it from the consumers, we estavlishied tne ruate of
five parts skirt milk to one part water, which has bteen
adhered to and given satisfrcticn for two years. At this
dilution it is still sorewhat thicker than the Yuttermil¥
from the resuler churdins aud coatains =Yrout the ssre ar-unt
of solids. In the cose of crear, the separstor Lowl is
flushed with water, the cresn ecns vinsed with woter, (some-
times at the farm and azain &t the city olant), and the

+

vals rinsed with water, z2nd by the time the buttermilk is

drawn from the churn, it may contain as much water as was
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added to the skir milx.

trielyeis of Yuttermil¥ “er. 21, 1912, save the follow-
ing results: The sannles were ta¥en frum the resular daily
make end renrececit thne averase run.

Trom gathered crecwr churningz:

A% fat, 7.5 total colide, .5C¢ acid.

-’

From diluted condencsed svinm fermented:

el

o fat, 7.57¢7 total solids, .5357 acid.

A
A recent rensrt from Gerruny states that it was held
in the ccurts that a reasscinstle arouwit of water was ner-

missatle in tutterrili%, nnd thet oy couvistiones for &ivl-

teration csuld,be secured even vren the odded water ran

However we =re not sdvocatiig 22ulter=ztion. 1t is
solely a ratter of caterinz: U the demands of the consumer.
Ye tried to sive ther thie undiluted crticle end the, ob-
jected to it.

In wor¥ing up & new tr:de for skinr milkx lutterrilk
it miznt e peesitle to educate tre consumer to tave it
undiluted. That was done with a2 s-ccial fermented i1k
very successfully. e vpraiced its consistency with rerarvs
live, "See now richi =ud creary it is", "IZee how it naints
1e glass", etc. DPeocle expected it to Ye thick ﬂnd com=
pleined wnen it was not =o.

The zddlitlion of sslt to the rirture of —il% enad wzter
at the rate of >ne -~oundé to ZCC gallons was feund to be

beneficial to the flavor.
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The entire nrocess of venufzctyre is corried on sat-
isfactarily in one Tasterrizin~ rad ripcnirn~ vot, vhich
is connected witn stewr, cold water o2nd hrine or ice water.
The milk is nut into the vat and the watser z2ud selt added.
The mixture is then reated to 150 degrees or higher, cooled
to 70 to 20 cdegrees, 2 to 5% of pure culture starter acdded,
and 2llowed to stand 12 to 15 hours or until a2bout .57 of
acid nhas develonped.

e

The bvatcn is then co2led to demreas or lower, agi-
tated at the sazve tire to thorsuzghly Yrewlr the curd, strain-
ed through & wire mesh or werforated metal strai..er to re-
move any lumps of curd reraininz untroken, bottled and kept
cold until delivered.

Vigorous churning or rzoeid sgitation should be avoid-
ed during the latter mart c¢f tiie coolirs or after the nro-
duct is cold. If a numn is used to trznsfer thie tuttermilk
to 2 tottle filler, it ehouvl? run gt & slov sneed. These
precatvtioas are necesasnry to =sv:oid fos~ing, which gives

trouble in filling, cauce

(]
&)

a rees of foamy curd to gather

+

in the necks of tre bottiles, ¢ud couses nocvets of whey to

separate as the zir bublles work out.
"rernn it is desired to use *he Tutter-il¥% obtained
fron churning the Pasteurized crear - =nd it freguently
happens thst some of it is fit to use, esnecizlly vhen
the cream is “raded - the skim mil% snould te fermented

undiluted and cfter btein> cocizd, the other buitter~ilk



may be mixed with it =t the rvrate of one nart of ruttermilk
to three or four narts of fermented s¥im milk. This will
zive a product cf <ztout the suzre concistency and not dif-
fering from the usual run enouch to caucse troubrle.

A trace worved up for the vnrcduct murt re csuonnlied
throuzhout the year, ¢ad ot times when trhe 7T11% is needed
for thie regular milk trade sometning must be done to re-

tain the buttermilx tusiness.

3

0 meet tnis difficulty, tricle were first moade with
milk flour or dried skim rilk%. Cther firms had renorted
fairly satisfactory results, and the sunnly house claimed
they could nct set encush flour to sun»nly the demnnd. 'y
trials were only partially successful .

The product had o stronzg flavor of cooked mil%, and
the curd was not 2s zood as that from skim milk%. The flour
was not completely solurle and an undissolved portion was
always left in the btottow c¢f the vat. The flour wes not
uniform, one b:rrel beins stronger flavored, nsrder to
dissolve @nd snvsrently weade fror xwil¥x that was nearly
SOUT

Tne tetter zZrates of flour could te used witn fair
results in preparing sterter, but the nroduct was not sate
isfactory to sell &s truttermil¥x.

Condensed s%im milk wss next tried. nis was ottain-
ed from Chicaso, I11. and Yewnrk, Chio. It was claimed to

e made from fresh s¥im mil¥% concentrated ‘our volumes into
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U

one. The Chicazs ~roduct nroved qgquite uniform et that
density. At first the Yewrr¥k vroduct wes very variable,
ranging from 2 1/2 to 1 to 4 1/2 to 1, aand every shipment
had to be tested and the dilutioa calculated. Later =zfter
considerable corresnondence and adjusting of methods at the
condensery the nroduct was obtained of uniform density.

Thiis condensed skinm milk diluted to its originel vol-
ume when to be mwixed with other tuttermil¥, or to a spec-
ific gravity of 1.030 when used alone, made a Tuttermilk
which could not te distinzuished from that made from fresh
skim wilkx. Yowards of 250 gallons of this tuttermilk were
bottled and sold daily for severzl montns during the fall
and winter of 1912 & 1913 without comnlaint.

This diluted condensed milk wae Pasteurized and fer-
mented in exactly tne seme manner as the fresn skim. 1t
not only held tnhe trade during the snortase in the suonly
of milk, but was hendled at a zood nrofit. At the same
time the firms condensin~ it were wazking a onrofit, and the
farmers in their territory had a market for their milk,
althourn veing tco f2r from a lerze market to send the milk
in in its nstural state.

During the last year there was sold in Indiananolis
at the lowest ectirate 150,000 gallons of culture brocess
butterrilk for a sum exceeding £25,000. If the other cities
in the Vaited States, havinzg a norulntion sbove 1.0,000,
were to consume it at the snre rzte ner canita, the amount
80ld in these larser cities yearly would exceed 12,000,C00

gallons with a selling value of #2,000,000.
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Special Fermented ilk.

The use c¢f Lacillus Bulgaricus.

Culture Studies.
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Bacillus Bulgericus.

The writinss of Professor Flie Yetchnikoff advocating
the use of lactic acid cultures, or soured mil%, as a means
of controlling fermentations in tiie dizestive tract eand
preventing auto-intoxication* have had more influence on
the minds of physicians than is generally suonnceed.

Physicians in Yoth Turone and America too¥ un the
subject and the wredical journsls contain numerous articles
giving reports of trizls &nd recommending methods of use.
As a result most nhysiciens cre familiar with the practice
and will make use of and recommend it frequently where a
reliable product is obtainohle.

The Bacillus Pulsaricus, isol=sted by Gregeroff from
sour mil% from Bulgzgaria, was the lectic rcid nroducing
organism recormmended by Vetchnikoff, and is the one gener-

~

ally advocated. The claims made for ». Bulgaricus are:

It produces much greater guantities of lactic scid than

the common lactic cultures. Its ootimum temnercture is
about the terpersture of the tody. It will =grow readily

in the intestines, =nd Yecoming established in the lower
intestines, will inhitit the growth of undesireble organiswms
or cause a more fazvorshle fermentation.

It is not attempted in this study to prove the claims

from a medical standpoint further than to note that favor-

* Poisoning of the tody by sutrstances resulting from the

nrocesses incidental to ite life.-==----lerschell.
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able results were alvrost invarisbly obtained by vhysicians
in using the nroduct. 'hether the same results would have
been obtained witn a product fermented by the common lactic
cultures can not tre stated.

The fact that the Pulsarian or “etchni%off Racillus
has such a nrominent nlace in the minds of the physicians
and has received so much nublicity through nonular maga-
7zine articles, gives a nroduct containinzg it 2 grezat ad-
vantage in placing it cn the market.

i1k fermented with this organism alone 1is not'pal-
atable. It is very viscous or slimy in consistency and

as a strong ocid taste. After a few irials of the culture,
when I first began ma%ing fermented mil% in 1210, I rejected
it and went back to my o0ld "Starter".

A year later, on takineg un the wor¥ for tne Polk Sani-
tary ilk Co. they said, "Because of its advertising value
and the onhysicians derand fcr it, we wrust put thne Pulgarian
culture into it, if only in small gquantities". So I started
an investigation to determine:

l. What cultures wculd associate with the Rulgarian culture
to nroduce the test results.

2. How much Tulegesrian culture could te used and make a nalst-
able nroduct which would sell for a Yeveraze as well as for

a medicine.

3. Could these cultures Tte grown in association and the

milk fermented with a combined culture, or would they do
retter separately, the nrocducts being mixed after ferment-

ing.
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4. That temneratures were moct favorable in either case.
5. The best method of manufacture to secure a uniform
product from day to day.

6. How rich the milk should be to give a desirable flavor.
7. VWas there any benefit in adding yeast to the cultures

of btacteria.
Trial of Cultures.

As this thesis was not nlanned at tnat time, only
general daily notes and conclusions were recorded. The
complete data of each trial is not st hand.

I'o attemnt was macde to trace out the characteristics
of eacn culture with a view to ecteovlishing the identity
of the snecies or veaeriety. Tach culture was vlated to
deterrine whether it wes a nure culture of lactic acid
producing bacteria, and was carried along and kept in a
vigorous condition by daily transfers into sterilized milk.

The tests were made under practical working condi-
tions, to determine which wohuld give the best flavor and
consistency. The mil¥k used was taoken from the daily run
of mixed nights and mornings milk%, and was Pasteurized in
quart milk bottles in the latorctory. One or more cultures
were also set esch day in two gallon cans in order to have
larger guantities for testing, jucdsing znd exverimenting

with mixtures.
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Cul tures used.

Name or source In what form purchased
Tricsson's PButter culture In rilk
Hansen's Lactic Ferment Powder
Douglass Eutter Culture Liquid

Keith's T.actic Acid Culture "

M A C Lactic Culture Milk
¥eith's Pacillus Tulgrricus Liquid
Bulgara Culture (Walker-Gordon Lab.Balto.) Yilk
Bulcarian Culture (Perry I . Hobbs, Cleveland) Milk

The last two were combination cultures from which
I isolated the organisms and used them the same as single
cultures.

I also isoclated some lactic 2cid tveacteria from the
regular milk supnly tut did not succeed in getting any as
satisfactory as those vpurchased.

The above named cultures showe¢ no ccrntarinstion and
211 develoned readily vhen transferred to sterilired —ilk.

¥ach common lactic culture was growvn =lone and in
defferent vronortions when mixed. Thne time of develonpment
and effect on the oroduct was nated.

ifter about ten weeks of exnerimenting the followincg

conclusions were drawn:
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Time.

The product was no better when developed in a few
hours with a hich ner cent of inoculation, than when a
longer time was taken with a lower wner cent of inoculation.
As it is ccnvenient in practice to let the mil¥ ferment
over night, fifteen hours was adonted as a convenient stend-
ard and the ver cent of inoculation adjusted to bring the

fermentation to the right stzge in that time.
Temperasture.

The temperatures tried ranged from /0 to 1CO0 degrees.
The most favorable temneratures for fermenting wilk with
cormon lactic cultures was 70 to 5C degrees. Tor the com-
bined cultures 75 to 55 degrees wss most satisfactory. Tor
the Bulgarian cultures alone, 90 to 100 desrees gave best

results, the higher tervnerature teing onreferred.
Inoculation.

The vper cent of inoculation was varied from 1/4% to
107 with differences in the temoerature and time, and also
with changes in the vigor of the culture.

About 957 of acid was oreferred by the majority of
consumers after the vnroduct was established on the market,
although the acidity decided on in the latoratory trials

was .& to .9%.
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One to 1 1,/2% inoculation at 70 to /9 degrees devel-
oped the right acidity in the laroratory trials. Later
it was found necessary to raise both the rate of inocu-
lation and the temnersture, 6% inoculation at 50 degrees
beingz the other extreme.

The following table giving the asverszses for sixteen
months, was teken from = diily re:ord and shows the varia-
tion in temperctures and rate of inoculation found recess-

ery in vractice to secure the proper development of the

product.

Month Juentity ner cent B to Temper- Time Acidity

1911 made daily irccule=- L A cture ‘Hrs. o
ticn desrees .

April Lab. trizls 1 1 to 7 /0 15 .£ to.£é6

Vay 17C r=1. 2 1 to 6 75 to 50 14-17

June 165 - 155 3 1 -5 75 12

July 16C - 190 3 te 5 1-9% 45-50 16

Aug . 160 - 190 5 -7 1 -5 Y7 - %0 15

Sept. 140 5 1 - € 50 15

Oct. 90 4 - 5§ 1 -6 Y7 -3 1%

Nov. 120(3 a week) 5 1 - 6 £0 15

Dec. 120 " 5 1 - ¢ £0 15

1912

Jan. 120 " 5 1 - ¢ 20 15

Feb. 1206 " 4 - 5 1 -6 75-230 19 .95 -1

Mar. 12C (EOD)* 5 1 -6 78 -5 19

Apr. 120 v € 1 - ¢ £0 15 1

Yay 1-21 160 " 6 1 -7 50 15 .05

May 22-30 110 daily 6 1 -7 20 15

June 130 - 140 5 1 -6 -0 19 .95

* Every other day.
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During the remainder of 1912 the quentity ran a2 little
less than in 1911, the averzge per cent of inoculation was
5. The combination varied from 1 - 6 to 1 - 4, and the
temperature from 75 to 20 degrees.

In case of shortage or accident it is rossible to
greatly hasten the process of menufacture. On one occasion
I made a 100 gallon tratch in six hours, by using fifteen

per cent inoculestion and setting =t £95 degrees.
Association or Corbination of Cultures.

In the first laboratory trials, the test results were
obtained when one part of Fulgarian culture was used to
five or six parts of common lactic culture. The culture
increased in vigor and the rate was cut to 1 - 7. Later
the proportion was increased and during the winter of 1912
& 1913 one part to four was used. Greater amounts of Bul-
garicus gave a strong acid flavor =nd too creat viscosity.

Some differences in flavor develovwed in the common
lactic cultures =znd in this trial Fricsson's and Hansen's
gave the most palatable product.

The addition of Bulgaricus in quantities not greater
than noted atove rather irnroved the flavor tran otherwise.
A pleasant "bite"or "tweng" wees secured that was glreent

when Bulcaricus was not used.
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No difference could Ve seen in the finished product,
whether the mil¥ wezs ferrerted over night with the combin-
ed cultures or the milk divided, the vnarts fermented with
separate cultures and mixed after fermenting.

The practice adopted after the preliminary work was
to inoculate the milk at night with the two cultures, the
cul tures veirns grown sevsrately up to this noint. After
nearly two years following that method, the method of div-
iding the milk, ferrentinc the parts separately, and mixing
it after fermenting was used for several months with equally

cood results.
Combination Cultures.

Trizls of cultures trought in combination all proved
unsatisfactory. They contained an excess of Dulgaricus.
When the orgenisms were isolated and used in the right
proportions they produced good results.

As an examnle, the followirnig was noted regarding a
culture obtained from the Walker-Gordon Latroratory, Eal-
timore, 17d.

In severzl triecls using from 1/4 to 37 inoculation,
and setting at 20 to 95 degrees, there wes too strong a
flavor of the Pulgarizn culture.

Two ounces in one cuart curdled in three hours at
95 degrees. One per cent incculation st CO degrees devel-
oped 1.52% acid in 15 hours. 1/47 at 90 gave too much acid

in 15 hours.
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Microscopic exarincstions of combined cultures show-
ed the Tulgarian Pacillus in nurbers :=tout equal to the

associate orvanism.
Comtined Zultures Possible.

Trials were made with cultures combined in tre labtor-
atory which cearried successfully for seven to ten d=sys.

A corbined culture vrepared &s fer shinment was held
tvo days at room temmersture (7C to “C cdesrees). It curdled
in less than 24 hours. At the end of two Jays microsconic
exarination showed Tulgericus oresent in relstion to other
lectics ztout one to four or five.

inother one cunce cultiure, inoculated l'to 6, curdled
in 20 hours, was left five days @t 70 to 20 decrees, then
transferred to 2/4 quert of sterilized milk. The 7ilk curd-
led in less than 24 hours and the microscone showed Fulgar-
icus nresent in considerakle numtrers, tut in a sm:sller pro-
portion than the culture used.

Jther trisls were mwade in vhich the cultures carried
in satiefectory oronortions for ¢ to 7 doys.

A culture inoculated 1 to €, mailed and retvrned for
retter cddress, was left 2t rcor temrersture for two deoys,
then nut in a refrigerator =t 55 desrees “or - days.

T™is culture rl-ced in 3/4 nint of mil* develoned 2 £o0d
curd in 1% rours, tut no Pulgericus ccnld be found by »nlat-

ing or micrerconic exnrination.
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A culture inoculsated 1 to € was transferred daily and
corried for 17 days at 70 to 20 degrees. Mo Bulgaricus
could lte found at the eud of that time.

A culture was sent to La Crosse, “Wis. on Aug. 9th,
and carried as & starter until Oet. 12ti:. Xy my request
a samnle of the starter was then returned which nroved to
e practicelly a oure culture of the com~on lactiecs. The
Racillus Tulgaricus hszd cdied cut.

I sent combtired cultures to Tubuque, Ia. weekly from
tug. 1911 to Teb. 1913, 75 cultures in all, with but one
corplaint: To St. Paul, Yirn. weekly two sumrers and bi-
veekly one winter with no comuleints; To Los Angeles week-
ly for severel months, 218 to vericus other places for short
periods end &t irreculer intervals.

The cnly difficulty net with was in shivnninzg to Spok-
ane, Vesti. The cultures were five drys on tre rocad and
dicé¢ nust develop onronerly =t first. Py inoculating with
a very smoll ver ceut =t cbout 50 desrees, trey went ‘hrouch
all risght during the winter. As warm weathier cnme cn more
trourle arore «nd scpercte cultures were cente.

Conclusion: If comtined cultures zre used they sh-uld
vte inoculnrted in the right vronortion erdéd z fresh culture

secured weekly .



Uniformity of Produrt.

Herscnell heas written*, "Tre conrercial suonly of scured
milk can not nossitly succeed &8 r1i industriel enterorice,
and as a matter of fact, in Pecris the majority of firms which
hzve embnrrked in the tusirness have now nracticrlly arandoned
it, &s they have found treir sales decrerce dey Ly day. The
main rea<on of trhis wis thet trey found it irnossitle to de-
liver to their customers & 7Til% which resemtled that sunnlied
upcn the nrevious day". J/nd further on in tre ssme work,

"7e must shsolutely intercdict trhe use of comrercizl soured
milk sunnlied Yty dairy cornanies and privuete individuals

for g=in". Agzain in his conclusion, "Do not under #ny cir=-
curstarnces corder ¢ comrercial prenarastion of soured milk".

Dairy conditions must have teen vecry tad in London
when Herschell wrote the &arove, for in one rlnce he stctes,
"Tirst of all tliere is the difficulty ¢f orccuring, &t any
rz.te in London, a mil% which containg ulsolutely o preser-
vetive of an, kind whatever".

In our cities 2t t e nresent time rrecervritive in thre
mil% is o rare cccurrence. It is at most tires on easy
matter to et ~il1% in rood condition, so theaet with -~odern
machinery and methods of Paéteuri"ption it is rnossirle to
manuf:cture o onrocduct nrazticolly free from ndecirertle

orgarnisrs, cr nearly ¢ pure culture of lactic acid breterio.

¥ Soured mrilk, 17090 P21.
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Given pure cultures and cood milk, the successful produc-
tion of a beverage depends upon csreful ettenticn to details
in the vrocess of manufrcture.

The separation of whey in the finished product is the
moet frequent cause of comnlaint. This may te due to bac-
terial develovment from bad milk, improperly Pasteurized
milk or contarinated cultures. 1t may be ccused by hand-
ling the nroduct too wuarm, or ty a ranid agitation or vump-
ing which causes foamring when the vproduct is cold.

The latter coneclusion is drawn from the following:
During Yarch 1911, milk was fermented in a vat, cooled,
pumped into a churn =:d churned 1/2 hour which nroduced
much foam. 'In this product the whey sevarated quite bodly.
A new vat was then used which broke the curd sufficiently
withcut churnirg, the foaming was reduced and very little
whey sepurated.

In Yay 1911, we started onurning fermented milk with
a oumo running rather fast. It produced much foam and
subsequent sevaration of wvhey. The snced of the pumn was
lowered, svoiding tre foam and the troubtle ceaced.

lovember 12, 1912 a new tenk was installed for snecisl
fermented milk. The agitator was geared to run fast, which
produced much foam and whey semnarated. Another gear was
nut on giving two sveeds. The high speed was used for treak-

ing the curd a.d rartly cooling the batch, then the low speed






used to finis the coclirns. Thies orofuced nn fogm ond there

wae no further troutle chiout senrr:iticn of wrey.

Tethiods of Pactevrizins Vilk.

The rezular wethod adonted weas to hent the 1ilk to
120 to 200 deirecs, hold it at thet temnrrature for 1/92
tc one ncur, and cool to tre setting temnersture. Several

tests of tnis 71il¥ ofter Pasteurizing gave a count cf two

nd trhree colonies ver nlate when diluted 1 to 1CC.

~

The lowecst Lerrerature ever =1lowed wee 1.0 decrees

9,

arid cooled withaut rolline.
Lt tires tre wil¥ vas received in noor condition.

Cften the count renn erove 29,000 ,C00 vecterie ver cc.

+

F. Suttilie woe very nurmerous ul s0me S£4asons.

lri extireme cases special methiods vere recorted to.

I have hented =~il¥ to 155 de-rees for threas haure ond wrie
sn eryenllent nrocduct.

Tor two montte I wranticed vestiaz to 150 - 175 de-

grees for two tu Lriree Fours witnh ocod resuluis.

six bours rad renecteurized at 120 Ter 1/2 hour.
£ scorcred Tlever is lersely cvercore Ty o the wrolve-

#2ds 2 not unnlexncent tacte to thie ~ro-
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te wut oa e meriel o Teversre thit would be sold et &
vrofit &t the vopular price of § cents.

In some cities whole milk was tein: userd =znd the pro-
duct sold 2t ten cents & bvottle (1/2 mninte or 1/3 quarts),
but a2 larece trade could not re worked up at that price.

It was to be s0l1d as a reverege and health drink,
not as whole milk, hence there wzs no merticular reason
for leaving in sl1 of tne expensive btutter fet.

At the same time it should te rich enough to have =a
pleasant flaver and te considered as a beverace in a2 cleass
above butterrilk.

After trying wilk verying in richness by 1/2 per cents
from skimrmed mil¥k to four ner cent, it was decided that two
per cent fat, or eguel vnarts of whole milk and s¥inm milk,

met @all of the reguirerments.



The use of Yezst.

An ef“ort was mede to irnrove the flaver of fermented
milk bty the use cf yeast. Yefir and ¥Youmisse, twc oroducts
that have Yee:n —zde in small quentities for wany years, and
for which methods ¢f we¥ing are given in meny deiry bocks,
toth contain yeast in association with lactic tacteria.

Two sanples cf Ter-mil-lac (the most widely ¥nown
fermented vilk now on tne market; which 1 exarined, con-
tained a yeast in very small quantity.

“ore articles on fermented milk advocated the use of
yeast, and while rno product that 1 had examined wes suver-
ior in any way to the wnrocduct that I was rmaking without
yeast, 1 did not wish to overlock any ownortunity for im-
nroverent. I triec cultures of yeust from the following
sources:

Yeast isolazted from Yer-mil-lsc.

Yeast isolated from ¥efir Craines.

Fleischmern's yeast.

Tottomr yeast fror the Indianarolis Brewing Co.

Yeast iscolated from a ser-le of starter from
“vnoxane, Vash.

Yeast from a ¥raut culture imnorted from Germany
ty the J. T. Polk% Canning Co.

Trials were made with @nd withcut the addition of

sugar, <lucose &and dextrcse; at verious temperatures, and

with various ver cents of inocul=ztion.
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In no case wa&s there any imnroverent over & vroduct
mede at the same tire without tre yeacst. In most cases
an undesirable yeasty odor and taste was left in the fin-
ished product. If the inoculation was small enough or the
fermentation carried on at temperatures to vprevent this,
no difference could te noted retween the products made with

and withcut the yeast.
Reliability of Cultures.

Nearly all cultures nurchesed in milk or other liquid
media, were pure and in a vigorous condition.
Most tavlet vrevarations were very unsatisfactory.

¥ollowins =re the results of some of the trials:

Lectone - Parke, Pezvis & Co.; Tablets nurchased ot drug
stores. Several trials were rade during two years, end
in most ceses zos and bad flavors develoved and the mic-
roscope showed foreign organisme nresent. £ few vlated out
pure and develoned a good curd, but in these cases trhe fla-

vor was not as cood as that in some other cultures.

Pacillus Bulgaricus - Parke, Davis & Co.; Tablets obtained

directly from the laborstery in Detroit. /! pure culture

and very good.

Fermenlactyl - £ foreisn culture obtained from a drug store.
Supposed to te & combinsticn of E. Bulgcricus and & corron

g &

lactic. Contained no Tulgaricus but mrany . Subtilis.
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Yogurt - From Cood Fealth Publishing Co., Fattle Creek.
Obtained direct. Tablets loose in a naner tox. Supnosed
to be a Bulrarion combination. XNo B. Bulgaricus or other
lactice present. B. Subtilis and a yeast numerous.

The following is an example of the condition of the
tablet trade: In January 1913, I called at & vrominent
down town drug store in Indianspolis and asked for lactic
cultures. They were out cf Lactone tablets, but offered
me two ¥inds of foreign tablets. One hottle was dated
Jan. 1912, ( a year old). The other wss dated Sept. 1912,
good for four months.

At the next drug store I found some fresh Lactone

tatlets, which hannened to te pure.
Culture Studies.

The effect of temverature on the crowth of R. Bul.

RPottles of milk that had teen Pasteurized twice were
inoculated with a vigorous culture of Tacillus Tulgaricus
at the rate of 1 cec to 1/2 pint, and set a2t three differ-
ent temperatures, viz., Room at 72 degrees, Flectric incubh-
ator at 92 derrees, (was set at £5 and rose in a few hours
to 92), and CGas incubator st 100 degrees. The acidity was

tested at 17, 41 end 65 hours.

72 degrees 17 hrs. not curdled .2% acid
41 " " " .32% "

92 degrees 17 " " " Nelel/ AN
41 " curdled (under 30 hrs.) 1.42% "

65 " 1_03% "
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100 desrees 17 hrs. curdled 1.24% acid
41 " 2 .1 5:‘ (1]
65 " 2 .59"{' "

The viscosity was sreatest in the culture at 92 de-
grees .
£ culture from anesen's Lactic ferrent wes used at the

same time at 72 and 92 degrees.

72 degrees 1/ hrs. curdled .93%7 acid
41 " 1.0684 "
92 degrees 17 " " .Q5% "

Vitality in cold.

12-30-1¢11, P. D. Co. Bul. after standing 13 days in
the refrigerator, developed recdily in 20 hours at 37/ de-
grees C. with 1/2% inoculation.

1-10=-1912, Walker-Gordon Lul. after 23 deys in the
refrigerator developed in 24 rours a2t 7/ degrees C. with

1/27 incculation.
Numter of Tacilli in '"ilk.

11-21-1912, £ vigorous culture contained 114,000,C0C0
ner cc.
5-3-1911, Fermented milk, 170 gellons, set with 57 started
(Bul. 1 to LA 7) 16 1/2 hours et /5 degrees, contained
5,000,000 Bul. per cc.
10-10-1911; ¥11k Pasteurized three tires, set 15 hours &t

75 degrees with Bul. 1 to LA 6, made an extra good pro-



duct with smooth and thick consistency. Gelatine plates
at 20-7% degrees showed 500,000,000 lactics pner cc. Whey
agar pletes at 27/ degrees showed 4,000,000 Pul. per cc.

12-15-1911, Fermented milk, 1°C gallons, Pul. 1 to LA 7,
inoculsation 5%, set 15 hours =zt <2 degrees. Product con-

tained 6,000,000 Pul. and 50,000,000 lactics per cc.

Yicroscopic exarination rnot a sure method of judging

purity of culture.

. Pulraricus varies in size under different condi-
tions of growth, sometimes anvnecringz as long slender rods,
at other times much shorter &@nd thicker. 1t usually 1is
much longer then cny other bacillus likely to get into
the milk, and microscopric exarineation will show when other
organisms are present in any lerge numbers.

Herschell ssys, "Always mske use of a oure laberstory
culture wrnich has veen standardized and examined microscop-
ically for conterminating organisms."

¥hen B. Bul. is in the form c¢f short rods it would
be difficult to be sure whether otlhers were present or not.

On Feb. 16, 19123, my culture did not zct right, dbut
the microscope showed nothing btut long rods. £ whey agar
plate, however, showed the rext morninz a dense snreading
surface colony. /n exsminstion of tris showed an brganism
of size and shane nct differernticted 'y trne ricroscone

from B. Pulgaricus.



Colony Formation.

Heinemann & Hefferan* describe F. Bul., cononies on
whey=-asagar as "minute and almost indistinguishable to the
eye from stirentococcus colonies."

In no case did my cultures develop in this mencer.
They were elways filamentous, and always many tires larger
than streptococcus colonies. There was wuch variation
when grown =2t different temverztures, or in differcent media.
“ometimes the colonies were dense masses 0f threads, at
other times thin, and in a few cases they anneared as =&
thin veil on the surfece not visitle to ihe nzked eye, tut
plainly seen when magnified 60 diameters.

On Jen. 11, 1912, I noted: Whey azar nlates, 2 days
at 35 - 36 degrees. Yeith's Bulgaricus, dense colony, long
slender bacillus, milk culture viscous.

P. D. Co. Bulgaricus, very thin colony, long slender bacf
illus, milk culture viscous.

Walker-Gordon FTulgaricus, thin colony, shorter thicker
becillus, milk culture not viscous.

Any of the cultures could be Tade visccocus or not, al=-
moat &t will, Ty changinc the temnerzture of the incubator.
Temperatures atove 100 degrees F. and sllowing hich acidity
to develov were unfevoradle toc the retenticn of tre vis-

cosity.

*¥ A Study of B. Bulgaricus, U. of Chicazo, 1909,
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A viscous culture seered to e always vigorous, ard
was desirable in the orcduct to give a evooth body end

help prevent the sevaration o“ whey.
Analysis of Fer-mil-lac.

Sample from St. Louis, the home of the vnroduct.
(Firms in some other cities are making Fer-mil-lsc under
directions of the ¢t. Louis Dairy Co., and paying the St.

-Louis comvany a royalty for using their methods and cul-
tures.)

The sarple exarined tested 3% fat and 1.03% acid.
Slides stained with carbol-fuchsin showed numerous cormon
lactics, tut no Tulgaricus could be found on four slides.
(The product I was making with Bul. 1 to LA 6 would show
several Rul. on earn slide.)

Several nlates of Fer-mil-lsc on whey sger failed to
show &ny Bulgaricus, but milk inoculated with Fer-mil-lac
and incubated two days a2t 100 Jdegrees F. developed Fulgaf-
icus in considerable numbers.

Two plates shcowed colonies of yeast, and the sample

of Fer-mil-lac after it got old had & yeesty odor.
Kefir.

Some kefir grains were ourchased and used both alone
and in associstion with R. Bulgaricus. In every trial the
product was infericr to trat made with the regulsr lectic

cultures.
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licps.

Imnorted and domestic hops were obtained from a Prew-
ing comnany end given a limited trial, but no improvement
in flavor wess secured.

The question aroce in my mind, "If it is permissable
to use yeast to produce an alcoholic fermentation in wilk,
why not mix 2 small a-ount of some liquor with the ferment-
ed milk and rset trhe flavor without the yeast?"

Fermented milk containing beer at the rste of 1 tea-
spoonful per 1/2 pint was pronounced very good. A larger
quentity had exncush teer flavor to male the versons Lrying
it susnicious. lione of this was nut cn the mwerket, and it
was not considered practicable even if it did irnrove the

flavor.
Conclusions Regarding Cultures.

Cultures in liquid media are most relisble.

Nearly all liquid cultures tried were oure.

Tablets frequently do not contain living tacteria of
the kind desired, snd many times undesirable forms are
nresent.

Licuid cultures containing combinations of B. Bul.
and common lactics, may not have the bacteria present in

the right proportions to give best results.
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Combination cultures are difficult to carry =nd keep
the onroportions right. £ fresh culture should be secured
weekly -

Petter results can be obtained bty cerrying the cul-

tures sevazrately, each at its optimum temnerature.
Conclusions.

Fermented T1ilk can be rade a profitable side issue
on the market milk industiry in large cities.

It utilizes the surnlus nilk, rmuch of which frequently
goes to waste at some seacons.

Fermented 1ilk is #» more heczlthful and purer focd than
most of the buttermil¥ riow teiro sold.

FYermented milk cav be rTu’e ertisfrcetorily “rom con-
densed milk, which enarles the dezler to maintain the trade
during the part of the year wren the milk supnrly is short.

The orocess of menufacture can be controlled so &8
to five a uniform rrocuct merting the requirerente of the
phyeicians.

The Pulgarien Facillus can not te used slone and pro-
duce & popular teverage.

The Bulgerian Bacillus, in ascociation with a common
lactic, has advantazes over the comrmon sterters, by voro-
ducing a tetter flavor and consistency, and through its

acdvertising velue in eelling the nroduct.
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