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BACTERIAL FERMENTATION A4S A POSSIBLE SOURCE OF THE
TITRATABLE ACIDITY OF FRESH MILK,

A discussion of the source of the titrstable scidity
of fresk milk would not be complete éithout a survey of the role
played by orgenisms capable of producing seld Permentation im mflk.
Espeeially is this true since titratable scidity is used g&aergily
a8 & besis for judging the quality of milk on the mssumption that
sn increase in scidity from the normal iaéieat@svuaéaéirahle bagte
erial.ferm@ntagian at some stage of the production of the milk, ‘
. Beveral instances huve been reported which would tend
| to show that hhia'assuﬁptian isfafvéaubtful value, Fresh mixed
~ herd milk has been rapartéﬁ as varying in acldity over s wide range
_in certain aﬁeeifie cages and to glve no wislible evidence 0§}haeta »
erinl fermentation as the underlying cause for the devistion from
Athe normel acidity. In the particular case under investigation,
. aeiditles of fresh herd milk ranged from 0.184 to 0.21% as comper—
eﬂ to the normsl eversge acidity of 0,149 to 0,18% generally sccepted

for most herds,




Inspection at the farm on which the milk was produced
failed to show any factor or fuctors which might lesd to the belief
thet insufficient attention wes being paﬁé‘ta the ppoper hendling of
the pilk from & B&aterielngical.atan&@oint, The herd consisted
of narm%& purabreﬁ Jergey cows maintained in sanitary surroundings,
Milking wss done by milking mechines snd cows stripped ﬁy haéd,

With regerds tov utensils, these were found {0 be in gaﬂé condition
and sterilization aeeaﬁpiishad with boiling weter, Tempereturss
of aéaling and holding subsequent to shipment were satisfactory.
Bere bacterial fermentation to be the cause of the high titratable:

acidity, such fermentation must occur at the time of mllking.

it is proposed therefora, to ghow by mesns of references

to available litersture and also by direct esperimental svidence, that

the possibility of the cause of the high titratable scidity being due

to becterisl fermentation is ﬁligh%, if not entirely negligible.




HISTORICAL.

The acid-forming beeteria of milk are of & large growp
ecomprising such types as microccoci, gtaphyloccoel snd streptoccoei

£rom the udder, mwouth and feces of the cow;y true lactic acid bacteria

’amélvariantsg ges~-forming bacteria of the ecolonw-aerogenes groups

types producing volatile secids such as acetic, propionic snd butyrie
&eidé; snd théﬁe gra&ueing acids as éecampssitién gra&aﬁisa Eixed
Vfaxmant&ﬁians way occur which in addition to lactie seid, preduce
amsll qaantities of &ceﬁie,bpericnic,asmcciniﬁ, formie and butyrie
acids. Under sultsble eonditions aith regerd to temperature, therme

ophilie types msy produce acid,

For the purpose of this discussion, since acid produce
tion of the fresh milk by bacterisl action is of main Interest, the
types requiring special conditions for growth will not be considered,

Similarly, consideration of the types producing volatile acids in

minute gusntities or traces will bs omitted.

Hemmer (1988), lists as the groups meinly responsible

for the production of lactic acid, the followings

(1), The gtreptoccochs lactis group.

{2), The Lactobscillus group.

{8}« The Escherichis-Aerobacter group.




Streptococcus lactis and veriants produce chiefly

lactic acid with & small smount of acetic scid, Togaether with the
lactobacilius group, they are considered the "true lzctic acid bectw
gris® snd usually praﬁam&naﬁé in numbers snd in preda@ti@n cf aeid in
the early stages of fermentation. Thé tamperatura‘fav@ring the

- most rapid scid development is from 30°C to 40°C.  Assccistive
action of other types of bocteria may csuse g varistion in the
guantity of lsctic &ci& produced by these types as hes been pointed
out b? Hemmer, )

The Escherichia-ferobscter types produce both acid and
guses. If the true lscile aeid bactéria are low in pumbers, the
;ﬁﬁéﬁéfichiﬂaéerabaetar types may preﬁ@minata to give a gassy type of
fermentation with & high percentage of velatile acidas, The émeuﬁt
of seid produced veries with oxygen conditlions, more acid being proe
duced in the asnserobic théﬁ in the seroblc fermentation, HNest fave

orable temperstures are eround 57°¢,

Frazier end Sanders (1935) state thst meny of the microm
~goeci present in pilk sre aeid praéueefa but thet in comparison with
- the lactic streptococel, they are insctive and pley only & minor part

in the eerly stoges of fermentation.

The smount of the veriocus scids férmeé by types of
orgenisms present in wilk veries, according to Sommer (1885), with
the types present. The bulk of the zeid formed is lactiec acid, teo
the extent of from B0% to 0% with &cétic scid sz the next largest

proportion,
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Senrces of Contemination.

Organisms gaining sccess to the milk way be meny and vardied

in types depending upon conditions of'grodaeﬁian. It is sgreed that
orgenisus m&y be present in the ducté and test canal of the udder ga&
subsequently cerried into ahe‘giik. Sher&an (IQléf’stataﬁ that ﬁhe
types woat aommpnly found in the udder are of four groupsy atmphyioeocei,
&tragtscueci, diptheroids snd minute Cramnegstive rod forms, . The
-streptococel of the udder were differentisted from ﬁtragbﬁcéaaés l&étis
- by Bogers snd Dshiberg (1914) and do not form lsetic aci&‘ﬁe the same
extent, = Other invaatigaters féund thet the udder would not support
the growth of Bireptocsccus lactis, as the orgenism when injected in'o
the udder through the test censl dies off rapidly, Lactobeeiill ang
orgsnisms of the Bscherichia-fercbseter group are not found in the

tdder,

The commonest sources of the three acid-producing types

are, the coat of the animel, menursl pollution, fseds, especially grains

snd sllsge, and utensilsa. Unsterile utensils provide the msin source
of Streptoesccus lactis contazmination, The milking machine in parte
feulsr is & potentisl seed bed of contsminstion if not properly ster

ilized,




Ihe Number of Orgenisme Contributed by Verious Sources.

The number of bucteris present in milk in th@‘uédar
is generally low. Harding and Wilsen (191%3) give 500 per c.e, as
an average value for the number of baeteris present in the milk of the
normel udder, Other investigators report similarly low figures, The
types present have been shown to contribute little ia'acié production
of the freghly drawn milkq Thg numbers geining secess to the milk
fram”éauﬁ sources &8 eir, dirt end manure falling Into the milk, ete.,
way very congliderably but with sverage conditions of Gl@ﬁgiiﬁﬁﬁﬁ, tﬁa
cumber so introduced is ss & rule, less than 5000 per e.o, of milk,

(Shermen 1914},

The wain source of contemination with seideproducing
bucteria hag been shown to be utensils, strainers and milking sachines,
Here sgaln the number introduced depends upon the state of clesnliness
sud sterility observed, Shermen (1935), stetes, "While it ls true thot
under ordinery ferm canditicés the utensils are responsible for the
lergest number of bacteriaz of any single source of contamination, it
should be recognized, on the other hend, that under good ronditismg
where proper methods of sterilizsation and drying of aquigmaﬁt'ars'yraatw

iced, the utensils consiitute oply & winor source of conteminstion,®

Taken collectively, the number of becteris introducsd
by the various sources of contemnation czn be reduced to a smell figure

by »roper attention to clesnliness szad gsterilizstion of equipment in

,,,,,,,




the production of milk, Freghly drewn wilk under ordinsry conditions

shows & bacteris content of lese then 50,000 per c.c,

Rete of Growth.

The factors favoring rate of growth of boeteris in milk

are tem@er&ture snd time depending upon specles oresent for rate of

geid production, (Heinemen et zl.). 8ince freghly drawn milk is
considered in this éiacussﬁon, the time Fector ls limited to three
hours st the most. Moot of the duts availsble is concerned with‘gr@w%h
rotes involving perieds of time over 12 hours. Tapernoux {(1928) states
that the lectic secid fermentation in milk is & function of time snd
follows the law of geometirie proportions, The holding time in thia‘
case however, iz so ghort thebt the germicidal property of fresh milk | ?
“would have more effect on the numbers of bacteris then any growth | |

factors.

The geruwicldel property of fresh milk has not been
expleined in a satisfsctory nenner but the effect has been noted by

neny iﬁve&tigatora.~ The effect iz & reduction in the number of

bacteris pﬁ@ﬁ&ﬂt in freshly drswn milk gs i the milk possessed a
property similar to blood and certein other physiolegiesl fluids
of ceusing a reduction in numbe s of becteria through & germicidal

sction. This germiecidsl property is more sctive in the udder.




It hes been shown by Heinemen to lust from four to six hours in milk
kept &t S?QG¢ zud In milk Xept st & lower t&mpera%#r&, Bay continue
as long as twenty-four hours, The effeet while feeble end varisble,
is capable of resulting in = reduction in the numbers of é&eteri&
contsined in wilk during a three hour time factor, Cooling of the

freshly drawa milk to 40%F. is sn added fuetor in reterding scid

production by becteris in fresh milk;

The Buwber of Bscteris Needed to Produce pcid Fermentetion,

Van Slyke snd Fosworth (1916) using stefile wilk ine
aealét@é with streptoceceil, show that the most r&pié aglid f@rm&tiaﬂ ‘
aecﬁrs during the iaterval from the tenth to the twenty-fifth hour, %
Thiz would indicete that in the csse of fregh wilk, regerdless of the |
numbsr of b&&tﬁri&‘graa@at, the rate of scid formstion would n@t_b@
rapid in the first three hours. To inecrsase the seidity but not

show distinet sourneps, Hammer and Hix {1918) report reguires at least

& bacteris content in milk of snd average of 56,000,000 per csc.,  Also,
te show any change or sbaormslity shatever, resuires gvh&eﬁ@ri& content

of over 1,000,000 per c.ce Sommer (13%5) states thot Swenner, using

the Breed direct microsecopic count reports the number of bseteris in
- milk to incresse to sbout 60,000,000 per c.c. before thers is sny messup-

able #ise in titrateble acidity.




Source of Samples.

Samples wgrevéb%ainaé from the milk of 15 purebred

" cows owned by Mr. N. N. Suith of Birds Hill, Msnitobe,  Bech
gemple waﬁ‘fram the mixed complete milking of the iﬁﬁividﬁal cow,
snd taken from the evening milking, $amuleﬁ ware hakan ia gterile
jhﬁlfﬁ?iﬂﬁ bottlas with &%9r;la pinettes and held at 48°?¢ until
&ﬁ&;yaeé. Time imtarvai hetWQen sampling and &4alyﬁis was a@graxu

imstely three hours,
Hethods,

&acresaapic calany counte were mede on a&ah semple
in duglieabe &ccaréiﬁg to tne method oatliné& in ”St&ndarﬁ Hothods
of Hilk éaaly&is”, Fifth’Eﬁitiaa, 1887.  DPilutions were; 1/10,

. 1/100, end l/&ﬁé@ * | Rasults reear&aé in Teble 1, represent in

each case the aversge of éuglzaat& éetarminatinaa,

On the same samples, the ¥ethylene Blue reduction

T T
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test was made according to method shown in "Stenderd Kothods of
Milk Anelysis", Fifth Bdition, 1927, Results of the Methylene
Blue reduction tests sre recorded in torms of hours recuired for

reduction to the leuco-baze,

Titratable acidity wes determined by titreting ¢
50 e.e. semple of milk with 0.1 N. sodium hydroxide using ten
drops of 2 1% slcoholic soluticn of phenclphthalein a5 the inde
'iéatari Results sre expresaaﬁ 8 percent acidity ecaleulsted as

lsetic aeld,

RESULTS,

Table 1. glves the rsgults of the E&craécapia‘ealany
counts obtained from the verlous samples compared ta‘th@ Titrétable
' scldity. | o

Table 1l. gives the results of the Methylene Blue
tests as campaéed to Tiﬁrat&ble‘&ciéity. The ﬁyatem of elagai~ |

fication shown in " Stsndsrd Methods", ig sdopted, vis

¥Class 1. - Cood milk, not decoloriged in five and & half hours,

deveioping, as a rule, less than one-half million colonies per C.c.

on ager plates,®




Showing Reletion of Titretebie Acldity to ¥oeroseopic Colony Count.

- TABLE 1. -

i
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Senple o, Titratable scidity Baeteria per c.c.
% Officisal Kethod,
% 0.18 181,000
4 .28 80,000
3 0.17 54,000
4 0.195 80,000
5 2,18 170,000
8 0.28 80,000
-7 U, €1 210,000
8 Q.18 44,000
- 8 0.815 182,000
10 D80 B5,000
11 0.17 250,000
1z 0,188 182,000
13 .17 87,000
14 .24 105,000
is Q215 l@%,%&é




-~ T4BLE 11, -

Showing Reletion of Titratable Acidity to %@thylen@'ﬁlﬁe Reduction,

Sample No. | Titrateble Acidity Reduction Time Class
% Hours
1 0.18 over &3 hours | i,
2 o "o "
5 0.17 o "
P 0,195 S "
5 0,18 " n
6 0.25 | " "
7 0,21 . "
8 0,19 " "
g 0,215 | R "
10 | 0.20 "o Com
1 : 0,17 u "
12 0,185 o "
18 0,17 " n
14 0,28 L EE

15 0,215 " m




The res@l%s show 1ittls apperent evidence of cor-
reslet on betwaen aciﬁity end bacterisl counts, The ssmpls with

0,17% titratuble acidity, the lowest reported, gave bacterisl counts

ranging from awong the lowest to the highest. Thosge with the
highest aeldity, 0.24%, 0.22%, and 0.22% , showed counte interned-

iate between these limits,

Similerly, the vsristion in titretable seidity showms

7o correlation to Cless ss detarmined by the Hethylene Blue roduction,

Call ssuples grading Class 1.




DISCUSSION.

48 has been pointed out by reference to the work of

various investlgators the types of bacteria found in fresh milk
3 of & v

which are capable of producing seid by fermentation, sre of three
pain groups, Futther, these are not present in the milk in the
udder but enter the milk by subseguent contamination from other
sources. The numbers of bacteria contriluted by>thﬁ verious
'saurceﬂ sre low, even under Gnly'@%erage conditiong of cleanliness
and sterilization. In the particular cese under investigation,
senitery conditions and methods employed in the production of the
milk were mush better then aversge conditions. This would suggest
thet the pessibility of comteminstion of the milk with larce

numbers af’aeidvpraduaiag types of beeteris is slight. The time

ud tempersture factors in fresh milk held at 40°B, for three hours
are not suggestive of repid seid production even if we zssume the

presence of large numbers of ths proper specles of bacteris.

It wes shown by lavestigetors that to produce SRy
gbnorpality in milk, at lesst 1,000,000 bacteris per e.¢, must be
present In the milk, The results in Table 1., show the gensral

low baeoteriasl count of the milk exumin-d, sll sarples being below
» &
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800,000 baecte iz per c.c. If, s hes been shown by verious
workers, 50,000,000 bacteria per c.¢, &t lewst sre nesesszary to
produce &ny'agprsciaﬁie incresse in titrotoble secldity, then
there is little possibility of 300,000 baecteris ner c.c. causing

s Increass,

Experimentally it is shown thet the beacterial

count of the mi:k under exsminaction wes low and slso that there

is no evidence apparent of correlastion between titrateble acidity

#nd the number of bscteris present. Teble 11. pr sents more

convinging evidenee in that the nilk of highest seldity, i.e.,

De24Y greded as Cluss 1.

“This demonstrates the fallscy of assuming in all
cages that the titrsteble seidity, when over 0,18%, is evidence

of seld production by bacterisl fermentation,
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SUBEARY AND CONCLUSION.

Reference to the work of various investigstors mnd
o=

direet experimental evidence is offered to show that beeterial

fermentation iz not the cause of the titrstsile seidity of

fresh milk,
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