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INTRODUCTION

Soy bean milk has been used faor centuries in the
Orient as an article of food. kEspecially is this true
of China where it serves tne purpose of & milk substitute.
liore recently, interest in this milk has been developed
in this country amnd certain of our larger Sanitariuns
have be;un tie production of soy bean acidophilus milk
for use as a health beverage.

The milx in the raw state is not a good medium
for the culture of the lactobacilli but with the addi-
tion of lactose it beco.es suited to this purjose.

Tomato whey mediun was added to the experiment
after the work had begun because it was highly recoumended
for its ability to grow the eubers of the group covered

in this report.



I. Experimental

The behavior of certain of the lactobacilli in soy
bean nuiilk and tomato whey medium presents many interesting
features.

Comr.ercially, comrion pasteurization seems sufficient
to insure an acidophilus milk of gooa quality if tune type of
organism used is of the rapid growing variety. In the labora-
tory, however, where absolute sterility is needed, several

problems were presentea.

Atteapts to produce such a sterile soy bean milk
met with failure and spoilage occurred in as high as 95% of
the trials uwade, when the amount to be sterilized averaged
over a liter.

Upon examination these flasks showed a varied flora.
Many types were isolated, of which turee predominated, namely:
l. A gran positive spore foruer, 2. A graa positive strepto-
bacillus, 3. A gram positive bacillus (long). Various other
tyoes were noted, but did not occur in as many instances as
those listed above. Auong the others isolated, members of the
staphylococcus group appeared often. Occasionally a strepto-
coccus form appeared and in a few stauins a gram negative diplo-
coccus was found. A pink surfuce mold seewed to be the or-
ganism most often i:volved in those flasiks which spoiled after
7: hours or more.

Since the writer was little interested in the types



of organisms invoulved, but was trying to proauce a sterile
medium for other work, no atteupt was made to classify the or-
ganiswus isolated otner -than by noting their morphological
form.

when it becane evident that simple sutoclaving was not
sufficient to produce a sterile milx a fractional method was
tried. Starting with two heatings of vuried lengths, and
an intervening incubation period varied from three to twelve
hours, another heating period was added. A typical example

of the metnod is given in tne chart on the following page.

A slight decrease in spoilage occurred but toe re-
sults were not sufficiently successful to guarantee a
sterile »nroduct. Even had the method proved successful
the change in the mili aue to the continued heating woulcd
have forced its discontinuaﬁce.

The only explanation that could be given for the dif-
ficulty encountered in ster:ilizing the milk was that the
size of the ;article was suci that it did not allow thne
heat to penetrate to the inner parts of the susjension.
Many attcmpts were made to decrease the size of the particle
involved. At first various sized screens were used in
straining the milk, but little or no difference coula be
detected. Finally the 80 mesh screen was adopted for use

in the routine groduction of raw umilxk.



CHART NO. I
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First Heat (time in minutes)
First Incubation Period (time in hours)
Second Heat

Second Incubation Period
Third Heat

Third Incubation Period
Fourth Heat




The next step in controling the size of particle was in
the use of & silk screen, but since this seemed to make
little difference it was not included &as a routine pro-
cedure.

The viscolizer in combination with the screens was
included in the experiuent but did little or nof# good in
the proauction of a mil« which could be readily sterilized.

All possible combinations of the above factors were
used, as well as the eliuination of the ingredients in the
milx other than the beans. Accomranying charts indicate
the combinations used and the results obtained.

After numerous trials using quantities of milk of
a liter or more the larger quantities were substituted
by smaller emounts ranging from 10 to 300 c.c. and a
very great difference was at once noted. With the decrease
in amount, reeping quality was greatly improved and very
little spoilage occurrcd. Evidently the heat was now able
to spread tiuroughout the medium and a sterile proauct was
assured.

Later in tne work larger amounts of mil< could be
sterilized with ease. TiLis can probably be explained by
tne fact that greater skill in xeeping out contamination
dur ing the making process was acguired as the work pro-
gressed, and also because the beans were boiled before use
during the later stages of the exper iment.

During tinis work several organisms of the lacto-



I.
II.

Iv.
v.
VI.

80 mesh screen plus sugar and salt.
80 mesh screen and silk plus sugar and salt.
III. 80 mesh srreen and viscolizer plus sugar and salt.

Same as I.
Same as II.
Same as III.

P - Steam pressure.
T - Time in minutes.

CHART NO. II
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CHaRT NO. III

P - Stean pressure.
T - Pime in minutes.
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I. 80 mesh screen, plain milk.
II. 80 mesh screen, plain milk.
III. 80 mesh screen plus viscolizer, plain milk.
IV. 80 mesh plus salt.
v. 80 mesh plus silk plus salt.
VI. 80 mesh plus viscolizer plus salt.
VII. 80 mesh plus salt and sugar.
VIIL 80 wesh plus silx plus salt and sugar.
IX. 80 wmesh plus viscolizer plus salt and sugar.
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CHART NU. IV

7 P Appeagawce

79pe oF GrowTH

I. 80 mesh screen
II. 80 mesh screen
III. 80 mesh screen
Iv. 80 mesh screen
v. 80 mesh screen
VI. 80 mesh screen
VII. 80 mesh screen
VIII. 80 mesh screen
IX. 80 mesh screen
X. 80 mesh screen

no salt or sugar.
plus
plus
plus
plus
plus
plus
plus
plus
plus

salt.

silk, salt.
viscolizer, salt.
salt and sugar.

P - Pressure in pounds per square inch.

T - Time in minutes.
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silk, no salt or sugar.
viscolizer, no salt or sugar.

silk, salt and sugar.
viscolizer, salt and sugar.
viscolizer, salt and sugar. Whole bean milk.




bacillus group were used: two typical =cidophilus types, one

atypical acidophilus and two strains of bulgaricus.

Lactobacillus acidophilus # 1 M. S. C.
" acidophilus # 4 k. S. C.
" acidophilus # 1482E Kopeloff (Atypical)
" bulgaricus #1 M. S. C.
" bulgar icus # B4US Kopeloflf

Flasks of soy been milx and cow's milk were inoculated
simultaneously to furnish a comparison of the action of
these types in the two media. Tihe anounts of media, teupera-
ture of incubation and inoculua were kept as nearly constuut
as possible. Tune first irregularity noted wes the speed at
wiich soy bean milik coagulated as compared to that of cow's
milk. The soy milk coagulated in from 12 to 24 hours, de-
pending on the strain of organism used. Cow's milk showed
no tendency to coagulate until sometime in the second day,
often requiring more than 48 hours.

This led to the mistaken belief that the strains
used, as a group, grew more repidly in soy bean milk than
in cow's milk. Plate counts aid not verify this but
stains showed that there was & slight increase in the size
of the cells and length of chains in the acidophilus strains
grown in soy bean milk, am# much longer chains were demon-

strable. The colony on the plating medium also was slightly



larger then those produced from the same strain grown in cow's
nilk.

The croblem of selecting pluting media for routine
counts soon presented itself and several types vwere used,
all of which were more or less successful.

Toristo agar medium was included beceuse of the gooa
results reported by various viorkers especislly concerned with
the lactobacillus groun. Both new e&nd old formulas were
available and after many trials the following one was select-
ed for this worxk:

300 c.c. Touato juice
700 c.c. Distilled water
S gms. Peptone
15 gis. Agar
Adjusted to a pH of 6.8 to 7.0,

A whey agar was also used 1n muny of the counts, pre-
pared after the formula reported by Kopeloff (1). The
nethod is briefly as follows: Heat skirmed milk to 80° or
g0° Cc. Acidify and allow the casein to settle. Filter
first through absorbent cotton and then paper; neutralize
the filtratc to pH 6.8 to 7.0. Before furtner filtering,
add 0.5% peptone and autoclave the mediua for fifteen
ninutes at 15 pounds extra pressure. Filter off the al-
buminous materisl through paper. Convert the resulting
whey into agar by adding l.Zp% stendard shredded or

powdered agar.
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Bond of the Battle Creex Food Company laboratories
offered for use in the work his formula for Tomuto Vwhey Peptone
Agur which he had used for some time in all routine soy bean
mili counts. This medium was so successful thut it was in-
cluded as part >f the problem covered by this report.

The wihey containcd in this medium was prepared in the
menner outlined before, and needs no further discussion.

The tomato Jjulce available for use was of the pureed
type, sliziitly boiled to concentrute, and thus had & higher
specific gravity thnun the juice obtained from ordinary canned
vhole tomi:toes. The formula contained in this rejort hes
been edjusted to meet this situstion and can be used as re-
ported.

300 c.c. Tomato juice (whole cunnea tomatoes)
700 c.c. Whey
S gus. Peptone

18 gus. Agar

After mediwa is in solution sdjust to pH of 6.8 to 7.u
and filter out any further precipitate througu filter paper.

In an atteupt to shorten the procedure of proaucing
this necdiun, a whey was produced from the dried couuercial
product sold by many feed houses. 00 gase. of dry whey was
placed in a flas. containing 1000 c.c. of distilled water.
To this solution & gas. peptone was added and the resulting

mixture heated in the autoclave for 10 minutes at 15 pounds
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extra pressure anu filtered tarough absorbent cotton while
hot. This whey solution can be added to the tomato juice us
in the previous foimula.

The resulting mediun gives as good counts as that
nade with fresh whey but the size of colony is diminisked
sligntly. However, it compares favorably with other mediu
in use.

The various media were compared and when series of
plates, with all types of media included in ths work ana
planted from the samne dilution flasxs, were counted, similarity
was noted. Little or no difference could be detected as long
us low dilutions and a microscopic metihod of plate counting
were enployed.

This method was a slight modification of the one re-
ported by Breidigen and Chang (<) in their work on this
group of orgunisms. What seeried to be abnor:elly high
counts resulted, usually running from 1,000,000,000 to :in
one inst:iice vves 3,000,C00,000 per ce.c. as checx counts
were desired, higher dilutious, 1 - 1,000,000 or more,
were enmployed and the standard plate counting method was
used.

A great difference in counts appeared. With this
method series of plates still roughly coinciced, but dif-
ferences often occurred. Counts now ren from 9,000,000 to
44,000,000 per c.c. Tuis is quite readily explasined when

it is remeambered that many colonies countea under the



microscopic method are invisible to the eye, even when aided
by a hand lens, anc so are missed.

The slight advantage of Touato ¥hey Peptone medium
mas dewmonstrated by the increased size of colony it was
able to produce. Lowever, even with this medium it wes a
laborious tasx to count plates by the standard plate count-

inz method.

Comparative Counts

kedia Stan. Plate Count licroscopic
Whey agar 31,000,000 2,089,000,000
Tom. Whey Pep. 42,000,000 2,600,000,000
Ton. agar 26,000,000 1,828,400,000

The use of 10,0 COp in the incubation of plates was
discontinued as the aavantage it aisplayec was not suf-
ficient to warrant its use in the routine procedure. In
its place a four day incubation period &t 37° C. was used
and in all caces was successful. In many cases growta
was sufficient in three days.

In an effort to iwprove the fomiula for the Touato
Whey Peptone mediuwm the concentrstion of its principal in-
gredients was varied. With the amount of toinato juice
constant (30x), various concentrations of whey were used.
Concentrations of 804, 53%, 30%, and 20% were prepared and

series of plates were run with the various strains of lacto-
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bacilli. In all cases the counts were siunilar but there was
a slight varietioa in colony size, decreasing with the
greater dilutions of wvhey.

Next the tomuto content was varied, the whey being
left constant. luedia containing 30, 20%, 10% &na 5% tomato
juice were made &nd checx counts were run. A sligit decrease
in count occurred after the dilution of 205 tomato juice was
reached and aga:n the size of colony varied, becoming slight-
ly smaller,

In concl-ision to this part of the work it might be
stated that the original concentrations of ingrecients in
Tomato Whey Peptone medium gave the best results, but small
dilutions of either or both of the principal constituents
did little or no haru tuo the effectiveness of this prepara-

tion.

Wnile the counts on the verious nedia were similer
for both soy bean «nd cow's milk, a great difference ap-
peared in them as far as the procuction of acid was con-
cern:d.

Hammer (3) gives the acidity of fresh norual cow's
milk as from 0.1Z24 to 0.24%. This of course was calculated
as lactic acld which is the usual method ¢f recording
acidities in milk and cream unaer deiry plant conditions.
Titratons of skimmed milk used in this worx were not doue

while the milk was in the fresh state but were made on
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regular samples after the sterilization process. This method
was used to eliminate any change occurring in the milx vhile
being heated. The titrable aciditizs of skimmed cow's milk
under these conditions usua.ly were about 0.22%. In a few
sauples a sligiitly hi_her acidity was recorded. The sa.uples
on which hi_her acidities were found were usually more than
eight hours old, thus sufficient time had elapsed fur some
bacterial action.

In soy bean milk a unuch lower initial acidity was
found, 0.03,; free titrablc acid being the average. These
titrations as in cow's milk were run after stcrilization
and were taxen from regular samples.

When reguler titrations of all cultural samples were
included as a routine procedure it became evident why soy
bean milk coagulated wore rapidly thun cow's milk. While
an acidity of 0.25, to 0.454 was all that was necessary to
precipitate the soy bean milk, cow's milk did not coagulate
until an acidity ot 0.5/ to 0.60,0 was reacned.

The pH vaiues of both milks were compared. Agazin
these were run after the sterilization process. Skinmed
milk in the many trials attempted had an average plH of 5.8
to 6.0, which was fairly conctant when fresh milk was used.
Soy bean milk uncs=r the sawe conditions showed a pr of
5.6 to 6.0 with an average of about 5.3, which showed
little tendency to fluctuate over the naxinum or minimum,

as freshly prepared mili was always used.



After many trials the average acidity required for

the coapulation of soy beun milx was establislied at 0.25.,
wnile the average ph at this point was 4.4.

The end polnts at whick acid production ceased in
the two milxslvaried widely according to tue strain used.
These titrations were riade after the incubated cultures
had stood at room temperature for ten days.

Chart No. V included in the report on the following

page comperes these acidities in soy bean and cow's nilx,

The behavior of L. acidophilus #148<E was slightly

irregular in soy bean milk. lany very high counts were
obtuined aund some irregularity in acid foruation vias
noted wiien the reactions of this orgunisi were coumpared
with those of tue other acidopuiius strains useu. To
chec«t thiis, couparative tests were run of this strain

and L. acidophilus #1, whose actions were typical for the
grouy. Cow's milk was also included in tlis worx and ac-

coupanying charts show the results obtained.
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L.

CEART NO. V

Comparative Titrable Acidities (End Points)

Strain
acidophilus #1
acidophilus #4
acidophilus #1482%
bulgaricus #1

bulgaricus #B4US

acidophiius #1
acidophilus #4
acidophilus #1482E
bulgaricus #1

bulgaricus #B4US

Liedium
Cow's milk
" "

" "

" n
" "

Soy been milk

” ” L
" ”n ”
" ” L
” ” L

Acidity
2.41%
1.2%%
1.59p%
1.62%

2.167%

0.80%
1.15%
1.68,
0.54%

0.847%
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CHART NO. VI
Hours Acidity pH
0 225 5.8
24 .80% 5.0 .
48 1.76% 4.5
72 2.15% 4.0
96 2.20/% 4.0
120 2.20% 4.0
L. acidophilus #1 =-- Cow's Milk
Hours Acidity pH
0 <030 5.6
24 «19% 4.8
48 605 4.2
2 645 4.0
96 . 795 3.8
120 .805 3.8 —

L. acidophilus #1 -~ Soy Bean Lilk
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CHadT MNOe VII

Hours Acidity pH
0 $225% 5.8
24 0420 5.0
48 1.080 45
72 1.365 4.4
96 1.52% 4.2
| 120 1.55 4.2
L. acidophilus #1482E =-- Cow's Lilxg
Hours Acidity pPH
0 03 5.6
3 24 «82H . 5.0
48 1.407% . 4.6
L2 1.60% . 4.4
96 1.67% 4.4
120 1.68% 4.4

L. acidophilus #148ZE

-- Soy Bean Lilk
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CHART NO. VIII

L. acidophilus #l

% aAcid Titrable acidity in soy bean milk
P
3
b
/
P ”
A4 T"ig:e in hourgu_ 9 /2
L. acidophilus #1
4 Acid Titrable acidity in cow's milk
7t
z
2
/
29 [72 72 7 /30

Tiwe in hours
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CHART NO. IX

L. acidopnilus #1482E

% Acid Titruble acidivy in cow's milk
4
3
P
’ /
. 29 V7 3 72 7 /30
Time in hours
. L. acidophilus #1482E
? hcid Titrable acidity in soy bean milk
3
2
/
29 7 72 96 720

Time in hours



An electrometricel method for determining pH was
not availuble for use during this work, aud as the color
methods ere at best only epproxiimte, soue error in read-
ings was probable. Eowever, the readings reported, being
in most cuases the result of three or more tests, are as ac-
curate as the method employed.

The indicators used were Brom Phenol blwe, with a
pH range of 3.0 to 4.6, lLerck's universal indicetor (pH 4.4
to 9.0;, and lMethyl red indicator (pH 4.4 to 6.0). These
overlap at either extreme and so were veluwble in checxing
readings ranging in these regions.

The courts made from soy bean milx were in every
way similar to corresponding counts mace from cow's milx
end were in some instunces slightly higlier. The titrable
acidity of soy milx was in nearly a.l cases lower than
those reported on cow's milzx. The writer is not able to ex-
plain why this should be, as a complete cheunicul wnalysis of
soy bean milx was lacging. Other: working in tac laparatary
beiieve thet the milk contains a buffer solution which keeps
the free titrable ac.d at u low point. This explanation is
tentative, and a better one in the author's opinion is that
the lactose content in the soy milk (£ to 30) was much
lower than that of cow's milk, which ranges from 44 to 5,,
but at the sane tine is in a much more reedily usable state.

This allows the lactobacilli to get & good growing start,



- 22 -

but the supply of lactose is so.n exhausted end thus the
acid content remains low. & peculiarity in taste is ulso
noted here. Vihile the total titrable acidity in the soy
bean acidophilus milk is low the taste is much more sour
then that of cow's milk of even Ligher acidity. Thcre
seems to be no explanation for this.

ILiany writers report that after six or more days in the
icebox few acidophilus colonies appear on plates made from
cow's milx cultures. This incicetes that death of the lacto-
bacilli :s rapid in this mediuwa. Soy bean wili: under the
sazie conuitions dewonstrates a much better keeping quulity.

Flasks conteining L. acidophilus #148ZE gave counts of more

than a million aftcr three wecks. In one case a flasx of
this culture gave a count of 800,00 per c.c. after six
weeks in the refrigerator (ice box type).

A serviceable litmus soy bean milk can be pre-
paured for use in tne laboratory if so desired. Thc action
of the lactobacilli in this medium is not the saie ws that
tyovical for cow': milk, the whole medium becoming a brownish
red instead of showing the pink and white areas. The reuason
for this is that the curd formed is very fine and does not
acquire the rigicity that is produced in cow's milk. Pre-
cipitetion is comvlete ¢nd the whey 1s not retained in the

curd but is allowed to rise to the surface of the medium.



PLATES
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Plate No. 1

A typical acidophilus colony #
An atypical colony #1482E

Magnification 75 x



Plate No. 2

L. acidophilus #l in soy bean milk
Magnification 1150 x.
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Plate No. 3

L. acidophilus #1 in cow's milk
Magnification 1150 x.
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Plate No. 4

L. acidophilus #1482E in cow's millk
Magnification 1150 x.



Plate No. 5

L. acidophilus #1482E in soy been milk

Magnification 1150 x.
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SULLLRY

Raw éoy bean milk is not a good necium for the
culture of the lactobacilli, but needs tne addi-
tion of from 2% to 37% lactose.

Extremely high counts were found on plates counted
by the microscopic method.

Counts mede on cow's milx and soy bean milX were
in most cases similar.

Soy bean milk‘coagulates more rapidly end at a
lower titrable acidity tiian does cow's milk.

Certain strains of L. acidophilus show ean increase

in cell size and lengthening of the chain when grown

in soy bean milxk.

L. acidophilus #1482E behaves irregularly in soy

bean milk both in grovth and acid production.
Tomato whey is a good plating medium in which to

culture the lactobacilli.
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