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INTRODUCTION

The studles carried out in various laboratories have
indicated that butter cultures are not pure cultures of

Strentococcus lactis, as was at one time commonly supposed,but

consist of two types of organisms, at least one of which is
capable of producing appreciable amounts of volatile acids and
possibly diacetyl. In addition to containing these desirable
products, good quality butter cultures must be free from
materials having an objectionable flavor or odor.

The scurces of the volatile acids produced in butter
cultures by the organisms associated with S.lactic appear to
be (1) citric acid, and (2) lactic acid. The former is nat-
urally present in milk in small quantlties, as citrates, and
the latter 1s the result of the breaklng down of lactose by
bacteria.

The work herein reported deals with (1) the type of
volatile acld produced from citric acid; (2) the type of vol-
atile acid produced from lactic acid; and (3) the relation-
ship of the type of volatile acld and the source to the

diacetyl produced.
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HISTORICAL

The addition of a natural starter to boiled milk to
secure a desirable flavor in the resulting butter, cheese or
fermented milk was a well established practice among primi-
tive peoples*; Heinemann {12) states that this was described
as early as 1776,

According to Henzold (13), a description of the method
of using "lange wel" as a starter for edam cheese was publish-
ed iIn 1887 in a pamphiet by Boekel, Orla-Jensen (18) has re-
ported that the first commercial butter cultures appeared in
1890.

From time to time varlous investigators have reported
their experlimental results and conclusions in regard to cream
ripening. They have cften emphasized the fact that butter
cultures contaln organisms other than S.lactis.

Conn (4) studied the effect of various organisms on the
flavor of butter, and pointed out that the ripening of cream ié.
a complex matter and that, "While the ripening of cream is un-
doubtedly dependent upon the presence of bacteria, it 1ls doubt-
ful whether one specles can produce what is known as ripened

#* The writer has witnessed a compsrable vractice

among the peasants in Turkey, and among .he semi-
civilized tribes of various sections of Arabila.
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croam,. e also pointer out that althourh the acild in butter
culture 1s developed from the sugar, the flavor probably comes
from some other source, Ueligmann (28), Orla-Jensen (15),
and i.c Donnell (14) have done outstunding work on the subject
of cream rlpening.

bvans, [lastings and llart (6) noticed that the addi-

tion of certain specics of streptococci along wlth Streptococ-

pasteurized mllk. They also emphaslized the importanc: of
associatlive action of these organlsms.

As a result of a series of experiments on the ripen-
ing of cheddar checese, llart, !astings, Flint and Lvans (11)
renorter that: "ltepresentatives of the coccus groups of organ-
isms isolated from cheddar cheese when grovm in wmillk produccd
large quantities of the volatlile acids, particularly acctic
acid, These acids," they assumed, "were produced from ciltric
acid or lactose or protein, us the medium was practically frec

from fat."

mhwans (5) reported that sireptococci other than

o

fi. lactls are com on in ripening cheese of various kinds, anad

in other foods prepared by fermentaticn. She called these

organisms cneese streptococel and described Streptococcus X

and_ Streptococcus kefir. The additlon of them along with

fal

Se lactls, improved the flavor in cheese made from pasteurized
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mllke. This investigator observed that {. lactls produced a
snall quantity of acetic acid in milk cultures.

In 1919 Hamrer and Bailey (8) reported that S. lactis
from butter cultures produced amounts of volatlle acids in
agrecnent with the amounts found by Evans (5) for this partic-
ular organism, but much smaller than the amounts formed by
good butter cultures. They isolated from butter cultures, cn
organisnm which produced no change in litmus milk but which,
when grovn with S. lactis, gave a volatile acidity essentislly
the same as that produced by good butter cultures. This or-
ganism in pure culbure also produced considerable amounts of
volatile acidity. The work of Storch (19) and Boekhout and
0tt De Vries (2) also shows the prescnce, in butter cultures,
organisms other than S. lactis, that nlay an important part
in the production of .desirable flavor and aroma in butter.

In 1920 Hammer (7) isolated two types of streptococci
witich produced hipgh volatile acidity in milk. ile proposed

the name Streptococcus citrovorus for the one type and the

name of Streptococcus paracitrovorus for the other,. ile re-

porte:’ that these organisms produced a higher volatile acid-
ity in mllk %o which a small amount of sterile cibric acid
had been added, than in milk without this acid. The addi-
tion of sterile laetle acid to nilk increased the volatile

acidity formed by S.citrovorus, but not the volatile acldity
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produccd by o, paracitrovorus. T™is was attributed to the

fact that £. paracitrovorus produces some lactic acid in mill,

a portion of w:ich probably was luter changed to volatile
acld. Lccording to llammer these cxperimental resalts obtain-
ed suy ested that citric acid, and probably lactic acid, werec
the sources of volatile acids in butbter culturese.

Studies reported by Bosworth and Prucha (3) In 1910,
indicated that the growth resulting from the addition of a
small amount of buttermilk to sterile milk cnused the disap-
pearance of the citr?&igbntent of milk and the production of
a hish volatlle acidity which was wmadce up of acetic acld.

Ié 1923 Hammer and Sherwood (10) reported that in =
highly riﬁened wutter culture the volatile acid is largely
acetic, and that ,"the kind of volatile acid prescnt 1s not
the same throughout thie rivening period of a butter culiure,
the acetlec aclid veing less prominent early in the ripening
and niors prominent later, and the proplonic acld accordingly
more proiminent early and less prominent later.”

In 1928 Schmalfuss and Barthmeyer (17) found thut,

when a culture of 3Streptococcus acidi lactfcl Grotenfeldt

+ Ctreptococcus cremoris were grown in sterilized milk, one

o' the products identified was diacetyl, and concludcd that
it is the resullt of bacterial metabolism, They further sug-
gested that dlacetyl does not arisce from the lactic acid

formed, nor is 1t produccd by atmospheric oxidation of



acctylinethyl carbinol.

In 1929 Van tiel, Kluyser, and Perx (21) repnrted
that the aroma of butter was due to the prescnce of diacetyl
produced by bacterla in the cultures.

Hameer and Farmer reported (9) that, " 11 of the
desirable butter cultures studied contained secetylmethyl
carbinol in amounts varying from 0.003 to 0.0138 pgrams per
200 grams of culture, while unsatisfactory butter cultures
gave no acetylmethyl carbinol, or only a trace," and that,
“"there was no correlation between the acetylmethyl carbinol
production of the organisms when 0.4 % citric acid was added
to the milk, and thelr ability to develop satisfactory

butter cultures in commection with 8. lactis.”
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METHODS USED

The volatile acld solutions studied were secured by
steam distillation (8). Usually 50ce. of N/1 HoS0, were
added to one liter of the fermented material to free any vola-
tile aclids that might have been combined with the milk constit-
uents,. To secure large quantities of volatile acid solu-
tions, duplicate distillations were usually carried out and
the distillate combined., The distillations were continued
until sufficient quantities of volatile acids were obtained.

The two methods used in identifyling the types of vol-
atile acids present in the distillates were: (1) the determi-
nation of the percent barium in the barium salt, and (2) the
modified Duclaux method as carried out by Hammer and
Sherwood (10).

In preparing the barlum salts of the volatile acids,
the usual procedure was as follows: A small portion of the

distillate, ordinarily 50 c.c., was titrated with N/10 Ba(OH)o,

using phenolphthalein as an indicator, and discarded. From
this titration value the remaining distill ate was neutrallxzxed
with the calculated amount of Ba(OH)g. The barium salt was
evaporated to dryness in a water bath,re-iissolved in a small
amount of distilled water, filtéred through a filter paper,
and re-crystalllzed. This re-crystallization was continued

until no more BaCOz precipitation occurred when the salts were
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re-dissolved in a small amount of distilled water. The BaC"y
free salts werce fground to a powder, and either dried to con-
stant weight at IOOOC., or heated continuously for about eight
hours at the same temperature. In the later part of the in-
vestigation the second procedvre was usced. the accuracy of
whilch was tested as follows: Each of the barium salts was di-
vided into two parts. The one part was heated to constent
welpght at 10000., and the other heated continuously for about
eight hours at the same tempoerature. The percentage of
bariun was then determined on each of the portions. The
results obtained are given in Table I. The differences be-

tween the averages of the two methods varied between 0.02

and 0.20 percent,
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TABLE I.
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1 . Heated for : . : : 0.20
.eight hours : 52,89 , 52.84 : 52.865 |
‘Heated to . : : :
o constant wgt. . 52,79 * 52.81 . 52.80 : 5.055
, Hgufoed, for, :52.88 | 52.83 : 52.855 | .
: Heated to * : . :
constant wgt,: 53.23 53.18 : 53.208 s
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H t . . . L
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. H : - : N .
+ Yeated for ; : . . :
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. ! Hegted for ° : . : 0.02
:-._ﬁi@:b hours * 53,36 . 55.39 L 53,375 .
X eite% to, . 53,20 ' 53.24 ; 53.22 °
1 °c ons ant wgt. . : . : .
° 4 roatts3.11 s 55,14 53,125 Ot0%°
: eg % hours * : * .

68 %0 00 o5 60 e et 26 00 9 °% @8 -



- 13 -

The percentage of barium was determined as follows:
Duplicate samples of about 0.5 gram of the dried salt were
welghed out, transferred to a 250 cc. beaker, dissolved in from
60 to 75cc, of hot water, the solution heated to boiling on a
low flame, and slightly more than the calculated amount of
/1 H2804 added slowly to the boiling solution, After diéest-
ing this solution ( with a watch glass covering the beaker) on
hot plate for a reasonable lensth of time, usually over night,
the BaS0, was flltered off, ignited. weiched to constant weight,
and the percent barium in the original sample calculated.

Table II gilves the barium values obtained by this method on
supposedly pure acetic and propionic acids from commercial
sources, The barium values secured on each of these aclds are
slipghtly below the theoretical values. The percentage varia-
tions with the salts of propionic acid are greater than with
those of acetlic acid. The purity of the aclds may have had a

bearing on the barium values obtained,
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The filtrates from the barium determinations were used
for the Duclaux method. The volume of the solution in the
distllling flask was kept constant at 110 cc., and distilled
at the rate of 100cec. in about 45 to 50 minutes. Ten cc.
fractions of the distlillate were titrated with ¥/20 NaoOH,
using phenolphthalein as an indicator, and the percentage of
volatile acid in each fraction calculated.

Duclaux values were sccured with the method indicated
above on comnercial acetlc and proplonic acids so that they
could be used as a basls in studying the unknown acids.

Table III glves representative titrations and Duclaux values
on commerclal acetic and propionic acids, while t able IV gives

a suumary of all the Duclaux values,.
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TABLE IIT.
-Representative Examples of Titration and Duclaux Values
for Comuercial Acetic and Propionic Acids

Acetlc Acid
cc. of distillate

20 20 o

; 10 20 30 40 50 60 70 80 90 100
Tar i 5.6 3.5 3.3 3.05 2,95 2.6 2.6 2.4 2.3 2.2 3
PBtr 1 3.6 7.1 10,4 13.45 16.4 19,0 21,6 24,0 26,3  88.5 ;
‘c+++r 12,63 24,91 36.49 47,19  57.55 66.67 75.79 84,21 92,28 100
. S : . , RS
T =f Propionic Acid f
: .10 20 30 408¢> of distillake 70 80 S0 100
At 1 BuB 5.3 2,65 4.1 3.8 5,35 2.8 o ZeiD TeOD:
:B++ 1 5.8  11.1 15,756 19.85 23,65 27.0 = 29.8  ooth,  oit.s Ti0g ¢
iC+++:. 15,72 30,08 42,68 53,79 64,09 73.17 80,76 . . :
. Propionic and Acetic Hixed :
: ¢c,of distillate :
P, 10 20 30 40 50 60 70 80 90 100
tA+ P 4.2 4,2 3.7 3.5 3.15  2.85 2,7 2,55 2.25 2.1 ;
:B++ ° 4,2 8,4 12,1  15.6 18,75 21.6 24,3  26.85 29,1  31.2 !
:C+++’ 13,45 26.92 38.8  50.0  80.1  69.25 77.95 86.05 93.25 100 ¢

'\

A+ cc. N/20 alk. required for successive ce, fractions,

B++ Sum of values in A for a given amount of distillate,

C+++ Values given in B calculated as percent of the titration values f » the
100 cc. of diatillate.
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TABLE IV.
Duclaux Values of Commercial Acetic and Propionic fcids

&
: ;HO¢ ; Average Duclaux Values
: 0f T
. Aedd s ce. of distillate
X P . 10 20 30 40 5 60 70 80 90 100
* Lcetic 3 :
; acid H : .
‘a- maxsin ; 103 13.31 25,18 36.68 47.48 57.91 67.27 75.72 84.53 92.44 100
'h- minsin & 10 : 11.94 24,22 34,8 46.3 55.27 65, 74.7 83.6 91.8 100
ic- avs of : 10 : 12.82 24,94 36.54 47.37 57.58 66,96 75.81 84.38 92.42 100
LPropionic ; :
. Bed a0t 16,11 50.46 43.15 53.95 64.21 75.35 B1.22 88.32 94.54 100
[a-max.n i 5. 14.96 28.0  40.95 51.6 62,05 71.55 79.6 87.0 93.5 100
(b-min.dn s o0t 15,68 29.96 42.7 53.91 64,02 72.97 80.82 B88.01 94.42 100
‘c- av, of i :
‘Propioniec : :
tang acegpic: :
romlzed’ @ { 14,33 26,9 38,55 49.7 60.0 70.1 78.2 86.25 93,5 100
R omEE.m o5 | 18,52 26.57 38426 49.15 59.45 69.0 77,9 85.55 93.25 100
fg- ?iﬁ*;g g . 13.77 26.62 38,68 49,79 60.01 69.64 78,24 85.27 93,4 100

e oo

* Approximately 0.5% solution of sach acid wes prepared and equal voluues
of the two mixed together.

OO SN IR Bl ws 2N gq 2 0P 4k @ 4O e e

€8 80 00 04 wb ws 24 o
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e ue e
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The unknown volatile aclds secured often gave Duclauvx
valuecs which fell in between those for acetlc and propionic
acilds., ‘“hen they were much nearer those of acetic acld than
with those of propionic acid, the mixture was considered as
mainly acetic plus a sgmall wmount of propilonic; and when the
values obtained agrecd morc closely with those for nropionic
acid than witlhh those of aocetic, the mixture was considered to
be proplonic plus sone acetic azcid.

‘the Duclaux method has been eriticized aézansatisfacto~
ry means of determining the kinds of volatlle acids present in
a mixture. Its use, however, was consldered necessary as a
rougli cliecck on the barium values obtained on the bariwm salts.

The procedure employed in the examination of cultures
for diacetyl consisted of an adaptation by Hammer and Farmer(9)
0f the widely used Lemoigne (21) method. The first 25 co. of
distilllats from steam digtillations were treated with 5 cc. of
sodium acetate to bufferjthe sclution, then with 5§ cec. of
hydroxylamine hydrochloride to change the dlacetyl, if any is
present, to dimethyl glyoxime, and finally wlth 1 cc. of nickel
chloride to change the dimethyl glyoxime to nickel dimethyl
glyoxime, which is a very stable red precipitate. Since the
amounts of nickel dimethyl glyoxime were so small, weighings
were not made but the amounts were graded from a trace to a
comparatively large quantity as follows: (1l)trace, () very

slight, (3)slight, (4)very small, (5)small, (G) large siounts.
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Chemlicals Added

The preparations from which the various additions

of chemicals were made had the following concentrations:

Arcetic acld aporoximately 9%9.5 1
Beta hydroxy propionic acid " 92
Lactic acid " 85 -
Phosphorlc acid " ST
Propionic acid R 9.5 F
sulphuric acid " 98 i
Citric acid Ce.pPs crystals *
Dipotassium phosphate (KoHP0O,) " "
Glycollic acid " "

iallic acid il #
Succinic acid K "
Tartaric acid a4 "

+

Contains one molecuvle water of crystallization.
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EXPERTINERTAL

Fresh milk is a very satisfectory medium for the

growth of ©. citrovorus and &.paracltrovorus. However,

the natural presence of cibric acid in milk, which would in-
torfere wlth the determination of the products formed frow
lactic acid, suggested the study of other media. Two types
vere used: (1) beef infusion bouilllon with additions of
IMleischmann's compressed yeast and di-potassium-hydrogen
phosphate, and (2) fermented milk frec from citric acid.

The prelinminary attempts ( carried out in test
tubes or si:all flasks ) to grow the organisms in these two
media proved encouraging; thercupon further trials were

undertake...
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Results Obtained
with

Phosphate~Yeust-Beef infuslon Bouillon.

The becf-infusion bouillon was prepare: in the
usuel way (1).  The clear solution of broth, to which
approximately 20 to 25 & ilelschmann's compressed ycast and
0.4 & KQHPO4 were added, was divided into portlions and put
into flasks., After adding amounts of citric or lactic scld
or other chermicals to the flasks, they werc sterilized in
the autoclave under fifteen pounds of pressure for about 30
minutes. ‘he sterile solutions were inoculated with various
strains of ascociated organisms, incubated at 21°C. for some
time, filtered through puper to get a fairly clear solution,
and steam distilled.

Tablg V mives the amounts »i volatile cecids and
the barium and Duclaux values obtalned on these when various
assoclated orpganisms were inoculated, wnile table VI prescnta
sinilar values secured when culture 5 ( S.citrovorus ) was
inoculated. The data show that the addition of citric acid
always lIncreased the volatile acidity; while the addition of
lactic, beta hydroxy propionic, tartaric, succinic, maliec,

or g lycollic acids, although they permitted the growth of

organisms, as was shown by cultures on becf infusion agar

slopes, did not give aporeciable increasses in volatile acld-




¢

ity. some lots of bouillon, without addsd chemicals, inocu-
lated with culture 1 or culture 5; and some with or without
added chemicals, not inoculated, gave about the sauc amounts

of' volatile acidities as the ¢ 'lturcs to which the organic

acids other than citric acid had been added.
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TABLE V.

Amounts and Types of Volatile Acids Formed in Phosphate-Yoeas
with Various Additions by Assoclated Organ

: R : : : ‘final @ :cce of
: H ! Chemilcal added :QSSOCi&ted:PeI‘iOd :acidiby : CC, Of:N/lO al
*Batch:Desig-3 - . 1sms -4 ‘calcu~ :culture:for one
‘No. :nation: Chmb.dn . oroanismns :1n°ubﬂ“=1atqd :dis- :liter o
: tof run: Kind :percent:lnoculated:ted at fas % lac:igilled sdistil-
S : A : 1 219G, tic acid: tlate
: t . ¢ Lactic : ’

: P10 % aeia 0.6 : Culture 2 2% da, 0,47 450 16
: : * Citric :

: ; : 1Y @ ogcia 0.4 : Culture 2 26 da. 0,19 400 18

ﬁ ;o N o © Lactie o
! + 1 ° acid 0.6 ! Culturel7 37 da. 0,49 550 22

% . ‘.4  lactic * Culture 1 "

% fee b 17 ¢ oacid 0,6 : + S.lactls 286 da. 0.38 400 7

| : P 4 lactic : Culture 1 L

:’;f; . L2 : 2 : &Cid 005 : +1&0t18 2O dac 0066 900 15
. ! . Ciltrice * gulture 1

é : oY s ucig Ded gb.lactis 15 da. Q.60 200 492

i : T Tarbar- :

% : 1 7% lic aciq 0.6 : Culture 1 18 da. 0.88 700 22

% . . b [Yartab- .

% . - " *ic acid 0.6 * Culture 1 18 da. 0.89 700 20

] . : ; . .

H : ¢ g® ymogins 0.6 ¢ Culture 1 17 da. 1.30 650 25

B : Py, 1860854 :

? . 5t B8 tic acld 0.6 ¢ Culture 1 17 da. 1.30 G50 22
: P 4 fralie :

| : .9 tacid 0.6 ¢ Culture 1 17 da,. 1.13 700 20

~ Ny : B ‘iallc . : .
: r 9 tacid 0.6 : Culture 1 17 da. 1,03 700 20
X : a *Blycol- .
. ¢ 10 :lic acid 0,6 : Culture 1 20 da. 0,23 600 16
: : 11% : Wone —=- : Culture 1 18 da,  0.44 600 26
: : a ¢ lLaoctic :
: v 2 @ aciad 0,5 : Culture 1 15 da. 0.67 600 22
Ppa® P b Y Citric A .
: ¢ 2 : acid 0e4 : Culture 1 20 da. 0.67 600 129
: : ¢ ALl chewvs,. :
: P2 % gdded -~ t lone 9 das 1,07 900 14,9
: 1 Citric : |
: ¢ 3% 1 acld 0.5 : Culture 2 16 da. 0,71 -850 84
‘e Y p 7 s . '
: HIS : Lactic 0.6 : Culture 2 16 da. 0,68 900 18

.t * ¢ Citric .
) : acld 0.45 *Culture 3 16 da. 0.69 250 56

*Valpe obtainqd when the entire one liter of distillat
instead of calculating from the value for 50 cc.
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TABLE V,

le Acids Formed in Phosphate~Yeast-Beef Infusion Boulllon
ous Additions by Assoclated Orzanisms,

: ‘final @ tcco Of @ : :
‘perioa ‘acidity : ce, of:N/10 alki% barium in salt : nesults :
kN ‘calcu~ ‘tculture:for one : : ’ :
sincubt-t1 4609 :djs-  :litor of: : of :
sbed at tas % lacipilled :distile 3 p B Av, ¢ Duelaux ;
: 219C¢.'tic acid: slate : : :
x 8 :fcetle +large mt.,,
} 23 da.  0.47 450 16" & 48,94 88,94 ‘of propionic ucid °
: . pcetic + trace of ,

! 26 du. 0.19 400 18 ¢ 03.43 53,38 53,405°propionic acid N
: cAcstic +large amb s «

7 37 da. 0,49 550 22 2 47,22 ~em-- 47,22 *of propionic acld |
5 26 da, 0,38 400 7 1 ceem mmec aamae I — :
N ‘heetie + trace of

15 da. 0.66 900 15 * 4B.65 48,36 48.505'propionlc acid .

’ : shcetic + large ant,
| 16 da, _0.60 200 42 ¢ 52,26 52,09 52.,175°0f propionic acid :
| : Phcetic pl .
| 18 da. 0.88 700 g2t : ;Acetie plus large .
t 47,006 46.91 46,985iamount of :

18 da. 0.89 760 20 : tpropionic acid :
17 da.  1.30 850 23 % ticetic plus large °

¢t 50.71 50.63 50,67 tamount of :

17 da. 130 650 22 : ‘propionic acid :
17 da. 1.13 700 20 tAcetlic plus smell

$ 50.62 50,46 50,54 tamount of ?

17 da, 1.03 TO0 20 : tpropionic acid .

K ‘Acetic+siall ambt, ¢

i 20 da.  0.23 600 16 : 50,19 50.28 50.235:01 proplonic acid .
l : *Acetlic plus trace
18 da. Q.44 600 206 : 51,19 51.20 51.1958:0f propionic acid .

: . . ‘hcetic + spall amts

15 da, 0.67 600 22 t Bl.3 5l.4 51,35 :0f proplonic acid ,

. ‘Acetic + small amb,

20 da. 0.67 600 129 1 53.21 53.15 053.1B :0f proplonic acld :

: : :

9 da, _1.07 900 14,9%: =m=  ewe eme t weeeeeeoe :

_ : ‘fcetic + large amti
16 da. 0.71 850 84 : 52,88 52,88 52.,855:0f proplonic acid @

_ ’ : ‘Acetic + large amti

16 da. 0.68 900 18 : 48,89 48,62 48,755:0f propionic acid :

. ) : fcetic + small amt.’

16 da. 0.69 950 50 52,85 B2.81 52,83 :of pronionic acid @

‘the entire one liter of distillate was tiltrated

3
l
l

ating from the value for 50 cec,.
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TABLE V1.

8 Formed in Phosphate-Yeast-Beef Infusion Boulllon

lons by S.citrovorus ( Culture 5 )

: icc. of : :
gallagigitygcc. of :1H/10 alk.: ¢ bariwm in salt @ :
culate scultvre: for one T :
percent sdis- ‘1iter of % {esults of Duclaux :
ctic acld .tilled :distil- : A B AV, : :
: tlate : . :

: . : : fcetic plus trace °

0.72 * 850 . 73 ;62,85 52,91 062.88 :0f proplonic acid ¢

s : : fﬂcetic plus small ;

0,67 s G50 _: 16 049,12  e== 49,12 ‘amt. propionic acid .

: : : .Acetic plus small @

0,75 650 3 30 151,39 51.27 51,33 .amt. propionic acid :

: . : :Acetlc plus small ¢

0.8 * 600 T 25 50,46 D0,36 50,41 :ambt. proplonic acid *

: . : tAcetic plus trace !

0.26 . 600 ., 18 °50.51 50,20 50,355 :of propionic acid |

: S : . "Acetic plus small :

0.7 ! 600 v 21 + 50,37 49,99 850,18 ;amt. propionic acid :

: : : sicetic plus small ¢

0.29 ‘650 ¢ 67 152,79 52,81 52,80 samt. propionic acid ?

: . P ‘acetic plus trace |

0.2 . 600 . 08 53,07 H53,06 53,065 fof proplonic acid .

. . : ‘Icetic plus large .

0,37 . 600 ., 34 .52.33 52,26 52,205 *amt. propionlec acid .
0,57 % 700 : 7 B S eeepe——— :

: : : . :Acetic plus trace °

0.5 = 750 ° B4 52,20 53,24 53,22 s:0f proplonic sascid :
0,18} 800 P 6.8 f mme cmm eee ] e

; : 4 : :

1,07 : 900 . 14.9 3 ndadad ki - Ot ihnhebebalndudad et .

: : ++ 3 : :

00077 : 1000 : 801 . hiadend hadadhad hadanhad s WTEommssmsseses H
2 B f 3 :
: : 4 : {Propionic plus :

0.9 % 700 ; 24 :47.8’7 47.69 47,78 3 pt'_pace of s
0.89 700 23 : ! acetlic acid :

- o~ : fad =¥ : M2 : : ;

Acetic plus larse
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: : : :Acetic plus small @

0.29 * 650 67 152,79 52,81 52,80 samt. proplonic acig ¢

. . : ‘Acetic plus trace |

0.2 . G600 . 068 *03,07 53,06 53,065 tof propionic acid .

: . : ‘rcetic plus large

0437 . 600 . 34 TB2,33 52,26 52,295 famb, propionic acid ,

087 1 wg P v e v e (e =

: : : :Acetic plus trace *

0.5 750 , 54 153,20 53,24 55,22 :of propionic acid  °

R R e e T T e —— :

; : o+ ° : ;

1,07 5 900 : 1449 P mmm mmm eme 1 e :

0.077 : 1000 ; 8.1 , ===  =m=  eme . ememmeceeea :

: P ooy : !Propionic plus :

0.9 +—r90 _, 24 47,87 47.69 4778 i Pippoe oF :

0.89 700 ¢ 253 : * acetic acld :

. 1.28 : 650 : 23 : :Acetic plus large

: S 150,43 50.36 50,395 :  amount of :

1.2 t 700 ¢+ 25 : .proplonle acld :

l.2 : 650 ¢ 22 : sAcetie plus large :

{50,094 50.93 50,935 1 mmount of oo

: 1.18 : 700 :+ 23 : . propionic acid ;

: : : , thecetic pluy small H

0,77 . 750 . 14 :50.18 50.19 50.188 sant. propionic acid i

: : : . ‘Acetic plus trace @ °

0.42 . 700 , 24 ;50,09 --- 50,00  Sgoblc plus trace

Joar 1 oa00 i o1z :48 66 49.48  49.07 §Aceti$oﬁi§so%arge :

: : R *= * ‘propionic acid :

2.4 00 o112 : : :

lture 8.

¥ one liter of distillate was titrated instead of calculating
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The barium and Tmelaux values of the volatile scids
securcd with the addition of citric zeld, always indlented
acetic with larse or swmall arounbs or a trace of ovroplonic

acida. ime harlum valucs on the volatile ccids secured vith
the addition of other organic acids, with and without irnocula-
tion, indlecated propionic and sometimes small or large anounts
of acetic acid. ‘“he inocumlation of f.lactis along with
culture 5, when lactice acld had been addnd to the bouillon,
save barlum values slightly higher thon without o.lactis.
lowever, the inoculation of ©.leactiz along with culture 1 did
not nroduce euough acids for barium value Jdeteriinations.
In two trials when culture 1 or culture 5 was lnoculuted alone,
the volatile oclds obtained consisted of a mixture of about
equal quantities of proplonie and acetic acilds. In a differ~
cnt batch of media, without any acids added, howecver, culture 5
produced volatile aclds made-up of acetic plus a large amnount
of propionic acid.

The barium and Duclasux values did not alwuys apgree
with each other.

Since assoclated organisms produced volatile acidi-~
ties in phosphate-yeast~beef infusion bouillon with no chenic~

als added, this mediwn was considered unsatisfactory for

further investipgatlon of the problem.
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Results Obtained with Fermented i'ilk

The preparatlion of fermented milk, free from citric
acld, was based on the fact that the citric acid content of
or
mille (18), soured under ordinary conditlons,after inoculation

with S.paracitrovorus cultures, completely disappears within

two to four days (20). The milk usec was that which had been
delivered by the College Dairy Farm to the Dairy Industry mar-
ket milk department. Some lats were allowed to stand at room
temperature for at least six days, while other lots were pase

teurized and inoculated with S.paracltrovorus or butter cul-

tures, and incubated at 21°C. for at least five days. The
milk was then steam distlilled, the distillation being contin-
ued until the last liter of distillate required only about 3
to 5 ce. of N/10 NaOH for neutralization.

The amount of volatile aclids obtained from the impure
milk cultures and the barium and Duclaux values on some of them,

are given in table VII.
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TABLE VII,

Amounts and Types of Volatile Acids Formed in Various

) f : : ‘Final | ;
. : : . caclidity ; T ecc. of
:Bateh ,Dosig- . ' period ‘calcu~ ‘ce. of 1/10 alk.
. of nation . pultures inoculated .incwbated (lated  [culture  for one
media .of run . Lat 21% cas 5 ldis- ;1iter of
: : . : * .luctic [tilled ,distil-
: ; . . incid . late
‘Raw  * _a N :
‘m?lk  J X : Lone ¢ 5 days 0.88 800 52
‘natur-i  hH .
‘ally ¢ 1 : lione 5 " 0.91 800 48

' .soured’ N "
‘at s c 3% dars of souring + ¢
‘room ¢ % ‘agse,orr,culture 15 6 " 0.89 800 44
ztenper: a ;5 da~s of souring ulus; .
;ature § 17 Jasgc.orp.eulture 16 . 6 " 0.83 800 42
tPasteur a thgsc.ors. culbure 16 ¢ . '

| ilzed 3 2 ifor © days plus but- : 11 " 0,72 800 53

| :ské@v : ttor culbure B 16-1 :

' G : I :

; =§11k : b ."88c. org. culture 16 , |

: cinocu-s 2 (plus butter culture . 11 0.96 860 53.

z slated 3 b _16-1 3

; swith ¢ 2 P

; : pure : 3% ./ssc. org, culture 15 , 11 0.55 900 5545

i scult- b ‘pgsc. org. culture 1§ °

: fares k3 ! for 4 days plus AV 0,70 850 57

; :;Etﬂferf ‘butter culture B 16- 1
wes o :Assc. org. culture 15 ; :
. : 3 . :plus butter enlture , 12 " 0,999 850 59.5
: : 2 B 16 - 1 3 :
: : 2 :

: : : at :;ULbCT culture ~c.122 :1-2/3" 0.90 900 70
: LA u noow ;4% " 0.945 950 52
. Pasb, s . L.
:whﬁie': 4° F v " A - - 0.89 950 40
ik g " L 0.756 1000 26
:lated * .
swith , 5 : " " ‘ ©o, 1" 0.81 1000 49.5
sculb= , 5% ;v " S Y2 0.89 1000 49

: sure g T 3

T : : 5% " " " "otk v 0.89 1000 50
: ;o8 1w k oo 32-?/7" 0.88 1000 53
tSper- ¢, ¢ ;
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TABLE VII.

ite Acids Formed in Various Impure liilk Cultures

*inal
wcidlity cc, of
saleu~ .cc. of 1/10 alk. | Pbarium in salt

.ated  [culture ;for one

e ve e
es ao e

s o .dis~ ;liter of : : : : Results of Duclaux
lactle [tilled ,distil- . , 1 5 o .
weid . .late . . PoAV.e
: ‘Acetic plus small
0.88 800 52 :51.04 50.84 50.9% fanmt,.
0.91 800 48 '51.15  51.02 BL.OVS faeg o DUNS ATEC
: ‘Acetic plus large
0,89 800 44 ‘50,45 50.37 50,41 * ambt. provionic acid
: ;hcetic plus small
0.53 800 42 .51,28 51,10 51.19 . amb., propionic acid
5z : :
.72 800 53 . . Acetic plus trace
"‘“: 5:).01 53-10 53.055 M
. : , of propionic acid
0.96 860 55. . :
; : ; Acetic plus small
0.55 900 565  .553.24 53,18 563.21 . ant, propionic acid
: ! Acetic plus trace
0.%0 ‘850 57 :82.0 51,99 51.995 -

of’ propionic acid

Leetlc plus trace

.
26 49 86 0% 06 80 60 €0 20 96 49 98 Ca 98 00 5 o A8 20 o3 b o 56 90 oo Be 00 en w6 TG 66 5B SO 20 00 #S w4 4T S5 AS s o

0.999 850 59.5  :52.82  52.04 52.85 : of propionic acid
: tAcetic plus trace
0.90 900 70 :51.293 ladade 51293 = of prnopionic acld
0.945 950 52 52,68  --- 52,68 :Agglc plug epall .4
. ‘scetic plus small
0,89 950 40 .52.,34 e 52.34 -amb. proplonic acid
0,756 1000 26 ‘51.98 --- 51,98 AeREe DienicTaeld
i - : Lcetic plus large
0.81 1000 49.5  :51.70 === 5L.70 ;i ot phonlonle acld :
| : ‘Acetic plus small  °
. 0.89 1000 49 152,98 --- 52,98 :gny. D opionio acid
" 0.89 1000 50 153,06 ~-- 53,05 * “GRETCLRIBToRTE 8e1a:
| : gz §r — § Acetiec pluce trace
0.88 1000 53 152,96 52.96 1 AR hionic acla |

A el e VN eaos menTT
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media .of run . vat .88 . - :
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: N : . facid . late
S P g : ) :
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at : c % days of souring + ¢
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JLempers 4 08 davs of souring olus,

.ature | 1 .a83c.org.culbture 16 . 6 " 0.63 800 42
sPasteus a tLssc.org. culture 16 ¢ ,

tized 2 ifor 5 days plus but- 3 11 " 0.72 800 53
:skémv : ttor culture B 16-1 :

3100 : T, ;

:gilk . b :ASQC. orpg,. culturc 16 .

sinocu~-s 2 .plus butter culture o1 0.96 8860 53.

: :lated : L b6l .

, wwith 3+ _a : e 3

: : pure 3 _° .f8sc. orp. culture 15 , 11 0.55 900 55.5
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alcu- ,ce, of (/10 alk, |  AvBrLwil 1l S81% :
.ated .culture ;for one . . . T
8 % idis- iliter of | : g : Results of Duclaux
lactic itilled ,alstil- |, P o :
icid : late . . DOVe
: ‘Acetic plus small
0.88 800 52 t51,04 50.84 50,94 ami.
. . i
0.91 800 48 51,13 51,02 51.075 ThoolTo PIUS SAVEC
: *Acetic plus large
0.89 800 44 $50,45 50,37 50,41 * amb. provionic scid
: .Acetic pvlus small
Q.83 800 42 .51.28 51,10 51.19 . awb, propionic acid
0.72 800 55 : i Acetic plus trace
:55.01 53.10 B3.,0585 s
. : . of propilonic aciad
0.96 850 5. ;
; ) ; Acetic plus small
0.55 800 55.5 :55.24 53.18 53,21 . amb. propilonic acid
. . - 352 51.09  51.905 ' Acetic plus trace
0.70 850 v . -0 e e »IEO . of propionic acid
s : :fcetic plus trace
00999 850 59.5 :52.82 b2984 52.80 M Of propionic ﬂcid
: ‘Acetic plus trace
0.90 900 70 $51.293 - 01,293 of propionic acid
0.945 950 52 52,68  --- 52,60 :8§gpic plug ewmall ..
: ‘Acetic plus small
0,89 350 40 52,34 - 52.54 ‘"amb. propionic acid
: 1A 1 1
0,756 1000 26 :51.98 —-—— 51,98 . g%tégogiggigrggid
’ : Lcetlic plus large
0.81 1000 49.5 ;5170 —== 5170 ; omi. nhoblonia aetd :
0.89 1000 49 152,98 --- 52,98 ,hegblc plus small .
' - S [ f
l0.89 1000 50 153,05 --- 53,03 : “GOETC BINS 8TES 1a:
. - : —— § Acetic pluce trace
0.88 1000 55 i52.96 52.96 . of proplonic acld .
: % ncetic plus small G
0.96 900 54 (52,36 52432 52,34 , oo Do0donte meldl
1.02 900 58 :52.11 52,08 52,005 : “C8FLS.DLYs IEageia .
. . kcetic plus trace ;
1,02 B0OO 60 152,44 52.52 52,48 ; .

of propionic acid
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The naturally soured raw milk cultures produced high volatile

acldities. The volatile acids formed by ¢.paracitrovorus in

pasteurized milk were slightly higher. Butter cultures also
vlelded high volatile acildities. In general, a longer period
of incubation incresased the volatile acidltles, as 1s most
strikingly shown in runs 5a to Se. In runs 4a to 4c, the vol-
atile aciditles decreased as the incubation period was in-
creascd. The barium and Duclaux values of the volatile acids
secured from naturally soured milk indlcated large amounts of
propilonic with quantities of acetlc acid, while the values of

the acids secured from S.paracitrovorus cultures indicsted,

primarily, acetic with a trace or a small amount of propionic
acld, The barium and Duclaux values on the volatlle acids
secured from butter cultures, in the early stages of ripening
Indicated acetlic plus large amounts of proplonic acid; while
ag the ripening of the cultures advanced, the amount of acetic
acid increased and the amount of proplonlc decreased.

The residue, supposedly free from citric acid and
volatile aclid, which was left in the flask after the steam dis-
tillation, was neutralized with calcium carbonate, and after
adding yeast, dipotassium hydrogen phosphate, and citric or
lactic acids, it was sterilized in the autoclave. These ster-~
ile medla were inoculated with associated organiams, incubated

for some time at 2100., and then steam distilled.

The amounts of volatile acids obtained in the cult-
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ures, and the barium and Duclaux values on these acids, are
given in table VIiI. The results recorded are in quite close
arreenent with thosc obtained in tables V and VI. The addi-
tion of citric acid gave increased amounts of volatile acilds,
while the addition of lactic acid, although 1t permitted the
growth of organisms, as was shown by cultures on beef infusion
epgur slopes, did not glve appreciable increases. The aounts
of N/1 Hy804 added just before the distlllation, to the cul-
tures containing lactic aclid, had a direct bearing on the vol-
atile acldity obtained in the distillate. The addition of
N/1 H,850,4 In smaller quantities than the usual amount added,

resulted Iin a corresponding decrease in the volatile acidity,.



NOTE TO USERS

Oversize maps and charts are microfilmed in sections in the
following manner:

LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL
OVERLAPS

This reproduction is the best copy available.






- 30 =
TABLE VIII.

Mounts and Types of Volatile Aclds Formed 1n Fermented
with Various Additlions by Associlatec

: : : T *Finali : i

: : Chemical added : f%ggifd'ggfd" : ~:§;
| :Desig-: _ ' hsgsoclabed . igbe d.‘ J :cc. of cc.015~:

:nation: " h : :bated, :galcurcult- : N/1  :fo

. vnount . . . ‘1 .

: cof run: Kind T 4n ! organisms : ““ atediurc ‘1,80 'll
‘ : : hercent’ inoculated Y 217¢,:n8 ¢ fais- 274 ;a1
| : : 2P : HELe : :lac. ti]]ed added :la
| : : g : : tacld : :

P : :Cult. 2 plus .

P17 . Lactic aecid 0.6 ;Cult.16 plus .38 dae w== 900 50

. . : . Solﬂ.ctis :

: P Lactic acid ., 00,4 :Cult. 2 plus :

. : pepton : 0.2 iCult.15 plus 21 " = 1000 50

s — M, veasth ; 18,0 ¢ 5,lactis :

: 16 } Lactic meid : 0.4 ; : .

: P UK.HPO, : 0.2 ' Culture 1 318 0,78 800 40

: R vBast 2 5.0 . ‘

: . * Lactic acid 5 0.4 .

. C . . " - e »

S N §C$g°gb P 9%t culture 5 18 " 0,99 400 45

: e Lactic acid f 0¢4 :Cult, 1 plus :

: 1 . T F. yeast * 2,0 : S. lactis :1% ' 0.8¢ 900 50

: gpa ¢ > aci : 4 ¢ ;

B Cifrle acid t .20 : culture 1 125 " 1,07 700 52

: L,a : : :

. 93 :+ Lagtic agld : «6 ¢ Culture 2 123 " 0.88 800

; R ﬁ.vensg s 1g.0 s notare 3 > ° 50

: sb Lactie acia % 0,6 ;Cult, 1 plus ;

: . E‘Q ’5}'8:18‘\3 : 15.0 H S. lactis :?6 " O.Bl G500 50

. .C 3 . .S Cs

: & 5 Lagtlc mcid ' 0.8 : Culture 15 26 " 0,47 700 52

P a . Lactic acid % 0,5 , :

P4 L KpHPO, P 0,5 ; Culture 1 ;15 " 0.71 GO0 15

: .conc.vitanin B,3 2.0 o s

: p ¢ Lactic acid : 0.5 ¢ :

. 4 Kolpo, ¢ 0.5 % Culture 2 14 " 0,064 500 15

: tpowdered yeast ., 5,0 3 s

: o ° Lactic acid g 0.5 ° : '

: 47 % KoliPOg :  0¢B * Culture 4 *15 " 0,75 400 12

: :conc.v*taxin Be: 1.6 * '

i 49 % Lactlic acid Q.5 . :

: ¢ KpHPOy P 0.5 ! Culture 5 15 " 0.82 700 20

: teconeLvitamin D.. 1.0 ; :

* o ! Lactlic acid , 0.5, :

P40 8 EHPO : 045 ; Culture 6 ., 15" 0,70 650 15

: tPotiderdd yeast o 5,0 .

: * Lagtic acid . 0.5 . . J

H 4.-‘f < ﬁQHPOA ° 0.5 ° oY dvmn 18 % N wma anrn e
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TABLE VIII.

e Acids Formed in Fermented 1iilk (i'ree from Citric Acid)
ous Additions by Associated Organisms.

'Tinali H :
‘lod:neld-, : icc. of
u~ ity .ce. of: ce.of:N/10 alk.
:¢d :ealeurcult- : N/1 :for one
£ tlatediure n.a0, :iiter
Lo.ias 9 tdais- 24 ;distil-

‘lace ‘tilled:sdded :late

9 barium in salt

: Duclaux values
A B AV

e 38 0 GO ga S0 8 b e

o8 oo en o0 se s e 0% 3 0O

tacid ¢ : s
) 49,01 48,93 49,01 >Acetic plus trace
Qe e 900 50 24 : .of proplonic acid
E .~ hcetic plus small
1 Y7 y B 5
—— 1000 50 34 ;49.76 49,57 49.665:amt.Propionic acld
" ) fr - - re> Acetic plus smsll
0,73 800 40 26 :OO.J 50.41 50.400; art.proplionic acid
: f Acetic plus small
" 0,99 400 45 30 $19,99 50,01 50.0 ° amt.propionic acid
: ' ! dcetic plus small
" 0.84 900 50 23 .48.03 47,93 47,98 * amt.propionic acid
" 1,07 700 52 83 152,60 52,67 52,68 © Agebic plus trace
" 0,88 800 50 22 150,05 49,74 49.895° g;%figrg%ggnggatﬁid
: f Lcetlc plus small
0,81 600 50 33 148,71 48,58 48,645° amt,propionic acid
: . Acetic plus small
n O. 4\7 700 52 16 H 50.‘78 - o 50-78 ; amb'propionic acid
: * acetic plus large
" 0,71 G600 15 12 147042 =~ 47,42 3 amt.progionic acld
‘ : f Acetic plus large
" 0.64 500 15 14 140,32 w=- 49,32 , amt.propionic acid
' : : Acetlic plus trace
" ().t7£3 44)() ’ 1}2 :123 :412).:523 hidadad 4}99:553 . ()j? I)IWD}JiJ)Ili(Z El(:i(i
: : Acetic plus trace
%" 0.82 780 20 - 13 :49456 49,41 49.485% of propilonic acid
H 3 Acetle plus smnll
" 0.70 650 15 14 148,97 48,63 48.80 : amt.propionlc acid
' : E Acetlic plus small
" 0,54 650 15 11 :48.4 48,05 48.225° P .

mrade wama - . L e -
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¥, stands for Fleischmann's compressed yeast.

ES
Values obtained when the entire one liter of distillute was t

from the value for 50 cc.
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Acetlc plus smsll

3 ©8 &

" 0,73 800 40 26

$50.5  50.41 50.455; amt.proplonic acid *

: i Acetic plus small ;

" 0,99 400 45 30 119,99 50,01 50.0  amt.propionic acid .

: | * Acet : :

" 0.84 900 50 23 143,05 47,93 47,98 : agifégogiggig"gﬁid :

“ 1,07 700 52 83 52,60 52,67 52.68 § (9°Tic pius trace |

. . : Acetic plus small °

4] 0.88 800 50 22 :50-05 49,74 490895: amt . pl’ODionic acidg®

} : ! fcetic plus small .

o 0081 600 50 33 :4’8.71 48.58 480645' a]'nt.nropionic acld :

s . Acetic plus small

" 0.4%7 700 52 16 150,78 kel 50,78 : amﬁ.propionic acid :

3 * Acetic plus large f

0,71 600 15 12 147042 mee 47,42 3 amt.progionic agid X

: f Acetic plus large ;

" 0,64 500 15 14 249,32 ===  49.32 | amt.propionic acid :

"0.75 400 12 12 149,38 == 49,58  ,0°T1C PIMD PTRCS -

: ! Acetic plus trace °

;" 0.82 760 20 13 149,56 49,41 49.485% of propilonic acid ‘!
F ' : :
: 3 Acetlc plus smnll f

" 0,70 650 15 14 148,97 48,63 48.80 ° amt.propionic acid °

" 0,54 650 15 11 48.4 48,05 48.pppi A00FLC plus small

. > f* ¢ * * “O: amt.propionic acid

i : * jcetic plus large .
1! A8 2 = oF 04 . .8 H °

0418 600 o0 28 :49.03 48,79 48,91 . amt. proplonic acid:

i" 0,39 550 50 21 149,50 49.62 40.56 @ 2;@?;§0§}gﬁigmggid :
" 0,38 600 50 29 149,18 49,16 49,17 ; ~°oble plus large

: ; amt.propionic acld °*

N * Acetic plus larpe

" 0,36 550 45 26 :49.14 49,27 49,2053 amt.propionlic acid :

; . ; :
i" 0.18 850 25 5,1} omem mem mme ) e :
b v £ s
! - :
4" 0.077 1000 50 8.1 . :

} yeast.

iter_of distilluate was tltrated lnstead of calculating
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The bariuwn and Puclaux values on the volatile acids
cocured when cltric acid was added to the fermented mills, in-
dicated acetic aclid with a trace of propionic sacid. The
barlwn values on the volatile acids secured when lactic acid
was addced indicated, primarily, proplonic acid with a small
ariount, a trace, or no acetic acid. The Duclaux values did
not always checl: with the percentages of barium obtained.,
Although enough checks werc unavailable because of contamina-
tion, nevertheless the data shoved in table VIII suggested
that lactlc ecid was not a probable source of volatile acids,
end that elther the yeasts used or the compounds present in the

fermented milk, may have becen sources of volatile acids.
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Results Obtained with Fresh liillk,

Since S. paracitrovorus is capable of producing a

small amount of lactic acid from lactose in milk, while

IS

fe citrovorus is not (7), the volatile acids produced in ster-

ile freshly drawn ndlk by the latter type are preswiebly form-
ed from the citric acid normally present. It 1s difficult,
however, to draw a sharp llne of demarcation betwecon the two
types of organisms and yet, judging from their cultural cha:=-
actor.stics in wmilk, it iIs possible to make a reasonably defi-
nite distinction between them,

Freshly drawn milk was secured from the College Dairy
FFarm, brought to the laboratory under caroeful conditions, and
sterilized immedlately. The time elepsing betwecen the milk-
Ing and the begimning of the sterilization process never ex-
ceeded thirty minutes, The chemicals to be used were steril-
lzed, as aqueous solutions, in small test tubes, then added to
the inoculated milk cultures. The cultures were then incuba~

ted for some time at 2100. and then steam distilled.

The amounts of volatile acids produced in various

cultures, and the barium and Duclaux values obtained on these

aclds, are given in table IX.
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TASLE IX

and

é The Amounts and Types of Volatile Acids Formed In
E with Citric or Lactic Acld Added by Associlated |

. . i i iinal ¢ i cc. of
:Desig-: Chenical added shssoclated:reriod:acldiby * é6., of:W/1081k,:
tnation: sorganisms tincu- :calcula-? culturef9r one s
:of run: —mount "t inoculated:bated :ted as P dis- :liter of:
: : Kind  § in : at  :lactic ‘tilled :die- !
: : .per cent . :21° C.: gcia ¢ .tillate :
LR H o . i
217 ¢ Yone ' e-e- iCulture 1 12 da. 0.39 900 22 tg
] H : : v v
! . R S H * :
| . 1% . Vone $ mmme PV Mol4 " 0,35 900 6. &
¢ L8 ¢ : : .
i e 8 .Citric mcid : 0,3 - " S s T 0.45 900 BG . ¢
i N : : ‘ :
- s % 3Citric acid ¢ 0.5 . " A 0.35 900 99 1 !
i : a ¢ : . :
! $ 9O tLactic acld @ 0.4 — S - 0:46 900 54 s !
i : "‘b =‘ L2 : : 4] 11 e it - o : I3
E 18 tlectic meid ' Q.4 . 5-1/3_ 0,58 900 62 % ¢
/ : a ° . : :
| i 4 None P we=-=  .Culture 2 12 " 0.41 90 56 % ¢
| T i : :
i 4% : wone P g "14 M 0,42 900 63 P
T e : ;
! . 9 ,Cjtric acid ; 0.3 ¢ R 0.657 900 w7
| : : : . :
% s 5b s Citric acid ¢ 0.3 oo R = T H, 71 900 156 s f
% . a : . :
| : 6 :Lactic seid ! 0.4 " R - 0,594 900 56 b
By 3 % H
{ : b ¢ : : : :
. 6 :Lactic acid , 0.4 3" T 5-1/3" 0,67 900 67 Tk
: a : I X
” i 7 ilactic aeid ! 0.4  Culture 3 6 " 078 900 78k
ié . 7P iCptric acid ;0,3 & " "o1e 0.69 950 mr G
1 - :
¥ : o . : tCulture 1 :
; i 7 ., Tlone P eee ! plus 27 " 0,315 950 69 + 5
. . . .Culture 3 :

+
a and b are different batches of milk which were run at differe:
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TANLE IX

Types of Volatile Acids Formed in Fresh lillk Alone
and
r Lactlic Acld Added by Assoclated Organisms.

i ®inal : § cc. of ¢ , f f
sepiodiacidity ¥ eg, of:N/1l0alk.: Per cent barium : Results :
lncu- scalcula-® culturefor one 3 in salk . of .
>ated :ted as = dis- 1liter of: . Duclaux. .
at :lactic *tilled :die- : A B . : *
21° ¢.: acid ¢ .tillate : 4 We 8 :

f tAcetic plus small:
L2 da. 0,39 900 42 ' 51,9 —— 51.9 samt.of propilonic @
: ‘ ‘heetic plus large?
L4 " 0.35 900 76 .. 92.85 5505 52,94 :amt.pronionic L¢
. feetic plus small *
" 045 900 BE__ 2. 52,97 52,95 52,96 . ambt,of pronionig *
: : Acetie plus smallf
18 " 0,35 9200 99 1 52.41 52,49 52,45 anmt, ‘of pronioniec’
: 1 Acetic plus trace.|
12 " 0.46 900 B4 3 53,08 53,17 53,125 : of propionie ;
| , : tAcetic plusslight,
B-1/5" 0.98 200 62 % 52,64 92,06 95246 tant,of prooionic .
5 : tAcetic plus trace,
12 " 0,41 90 / 56 % 53,18 53.1  53.14 :of prooionic :
: Acetic plus slight:
L4 M 0.42 900 63 * 5H2.89 52,74 52,815 *ambt.of propionic
. I hcetic plus trace:?
RS 0.857 900 137 ; 53,36 53435 53,355 | of propionic :
8 " e 900 156 1 53.16 53,11 53,135 ; of peohiacitriee:
. ) : . ‘Acetic plus trace:
.2 09594 900 (JG : 5\). 55 - - 5‘ .5 H of prOT)ionic .
. ' s Acetic plus tracel
(1 /3" 0.67 900 87 . 583.76 53,72 53,74 of pgopionic 3
: fcetic plus slightf
6 M 0.75 900 78 : 52,89 52,75 52,82 samb. of proplonie’
g 0.6S 950 P B .4~ Acetic plus slight,
; *‘tcetic plus trace':
7 " . 3 - 3 3 1572 : .
0.315 950 G9 : 53604 52,97 55,0056 EJOf propionic :
i : X

of ilk which were run at different times,
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The addition of sterlle cibric acid to milk inocula-~
ted with asuvoclated organisms, always greatly increased the
amounts of volatlle acids. The addition of sterile lactic

acld to &, paracitrovorus (culture 2,3,) cultures did not ap-

preciably increase the volatile acid production, while with

', cltrovorus (culture 1) it gave a marked increase in the

amount of volatlle acld produced. The barium and Duclaux val-

ues on the volatlle acids obtained from cultures with and with-

out the addltlon of ecitric or lactic acld, in all cases indico-

ted acetic plus a trace or a small amount of propionic acid.

The types of volatile acids secured from the addition of ster-

ile lactic acld to the milk did not show any appreciable alffer-
ence from those obtalned when sterile citric acld was added.

The source of milk seemed to have a bearing upon the barium
values secured, since the same organism ( culture 1 or culturs

2 ) 1noculated into different batches of milk without added
chemicals, produced types of volatile acids which differed
slightly in their proportional make-up.

To secure further evidence as to the types of acids
formed from c¢itric and lactic acids, a series of experiments
were carried out on sterilized fresh milk, using a nunber of
strains of assoclated organlisms. Cultures of associated or-
ganilsms were obtalned from the research laboratory of the
dairy bacteriology section of the lowa Agricultural Experiment

Station and, before being used, were plated on beef infusion
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agar ( the plates being incubated at 21°¢c. for at lecvst 48

hours) to detect any contamination. The sources of these or-

ganisms, thelr characteristics 1In milk, and the flavor of the

cultures secured when they were comblned with S, lactils are

siven in table X.

Flasks of milk , with and without chemlcels added,
were inoculated with cultures of the assoclated organlisms,
The flasks were incubatcd at 21°C. for ten days, freguently

cultured on beef infusion agar slopes to detect contamination,

and then steam distilled. The first 25 ce. fraction of dis-

tillate from each culture was collected and tested for the

presence of dilacetyl, while the remainder of the distillate

was used for the prepsaration of bariwun salts.

The amounts of volatile acids and diacetyl produced

by various cultures, :nd the barium and Duclaux values obtained

on these acids, are given in table XI. The addition of 0.3 7

sterile cltric acid to the milk cultures always gave increasecd

appounts of volatlle aclds. This increase was much greater

wvith cultures of .., paracitrovorus than with cultures of

<«

3. citrovorus. The addition of O.é;ﬁ sterile citric acid, in

the majority of cases, produced either slightly more or about
the same amounts of volatile acids as 0.3 ) citric acid.

In a few instances, however, the addition of 0.6 [
sterile cltric acid gavs amounts of volatile acids lower than

those obtained with 0.3 ¥ due, presumably, to the inhibiting
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efi'ect on the high total acidity. The sddition of 0.3 [

sterile loactic acid to S, citrovorus cultures gave increused

amounts of volatile acidity, while with 8. puaracltrcvorus cul-

tures the increasc was not appreciable. The addition of 0.06%
sterile lactic acid had about the same general inhibiting
effect as an equal amount of clirliec acid. The addition of
sterile sulfuric, phosphoric, or tartaric acid to the milk
cuitures increascd the amount of volatile acids in almost the
same mamer as sterlle lactlc acid.

None of the associated organisms produced diacetyl 1In
rilk alone, and only a few were capable of producing it
when non-volatile organic or inorgenic acids were added to the
ralllk. The amount of dlacelyl produced varied, however, with
the amount and kind of organic or inorganic acid addcd, and
wvith the strains of asgociated organlisms inoculated. The
addition of sterile citric acid to cultures capable of produce
ing diacetyl, always caused greater increases in the amounts
of dlacetyl produced than other chemnicals, The increased
volatile acidities in cultures to which ammounts of sterile or-~
genic or inorganic acld other than citric acid had been added,
was not directly proportional to the amounts of diacetyl pro-
duced. the addition of 0,5 % sterile lactic, tartaric,or
phogphoric, or 0.2 . sulfuric acid to cultures, usually gave
almost the samme amounts of volatile acids as 0.6 % or 0.4 9

Py

respectively, of these aclds; but the larger amounts cuused
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TABLE XI.

Amounts and Types of Volatile Acids Formed

and
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TABLLE XI.

B Volatile Aclids ormed in Freash 1"ilk Alone

and
>y Various Cultures of Associated Organisms,
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TABLE XTI (continued!
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TABLE XTI (continued)
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T4BLE XI (continuec
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TABLE XI (continued)
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PABLE XI (continued)
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greater increascs in the dlacetyl productlion than the smaller
amounts., l'oreover, in some instances, the addition of 0.6
aterile lactic, tartaric orvphospboric, or 0.4 % sulphuric ucid,
caused a decrease in the volatile acidities but an increase in
diacetyl production. These results sugpest that a certain

I
range of pi, variable with different organisms, is an impor-

tant factor in diacetyl production.

Se citrovorus cultures in sterile fresh milk alone,
usually produced small amounts of volatile acids which con-
sisted of acetic plus a small or a large amount of propionic

acid, while S. paracitrovorus cultures produced comparatively

larger quantities of volatile acidities made up of acetic nlus
a trace or a small amount of proplonic acid,. The barium and
Duclaux values on the volatile aclds formed in organic or

Inorganic aclid added cultures, indlicated acetic plus a trace

( seldom a small amount ) of propionic sacid.



SUNMIMARY OF RESULTS

Lots of uninoculated sterile phosphate-yeast-beef
infusion bouillon, with and without addition of chemicals,
gave considerable quantities of volatile acids when steam
distllled. These acids were propionic, or propionic with

small or a large amount of acetic acid.

2. citrovorus, in phosphate~yeust~-beef infusion

bouillon with no chemicals added, produced considerable
amounts of volatile acilds whieh consisted of a mixture of

about equal quantities of acetic and propionic acids,

Te addition of sterile citric acid to phosphate~
yeast-beef Infusion bouillon linoculated with ussoclated
organisms, inecreased the amount of volatile acids, The
barium and Duclaux values on these aclds indlcated acetic
plus a trace, a gmall amount, or a large amount of propi-

onic acid.

The addition of sterile lactic, beta hydroxy pro~
pionic, tartaric, succinic, malie, or glycolllec acld to

bhosghate-yeast—becf infusion bouillon inoeculated with

azsoclated organisms did not increase the volatile acidity.

The barium values on the acids secured indicated propilonic,

or proplonic with a small or a large amount of acetlc acid,

a
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The results obtained using fermente:d milk (frec
from citric and volatile acids) were essentially the

same as those obtained with phosphate-yeast-beef infusion

bouillon.

Be citrovorus cultures in sterile fresh milk

usually produced small amounts of volatile acids made-up
of acetic plus large amounts of propionic acid, while

De paracitrovorus cultures produced larger quantities of

volatile acids, which consisted of acetic plus a trace or

a small awount of propionic acid.

The addition of sterile citric acid to sterile
fresh milk inoculated with associated organisms alviays
increasec the volatile acid production. The addition of
sterile lactic acid gave a marked increase with &, citro-

vorus cultures, while with S. paracitrovorus cultures this

increase was unappreclable. The bariwn and Duclaux values

on volatile acids secured when citric or lactic acid had
beon added, indicated acetlc plus a trace (seldom a small

amount) of propionic acid.

The addition of sterile sulphuric, phosphoric or
tartaric acid to fresh milk inoculated with assoclated or-

ganisms gave results essentially the same as those secured

with lactic acid.



Hone of the associated organlisms produced dia-
cetyl in fresh sterile millt, while only a few of them
were capable of producing it when non-volatile organic
or Inorganic acids had been added to the milk. A
greater production of diacetyl resulted from the addi-
tion of sterlle citric acid to cultures, than from the
additlion of other organic or inrorganic acids. An ine
creased amount of volatile acidity was not nocessarily
accompanicd by an increase in dlacetyl production.
ipparently, a certain range of pl yapiahle with differcnt
organisms, w.s an important factor in the production of
diacetyl when sterile lactic, tertaric, phosphoric or

sulphuric acld had been added to the cultures.
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DISCHUSBION OF RLIULTS

The results reported show that the addition of sterile
citric acid to phosphate-yeast-beef infusion boulllon, fermen-
ted ~ilk ( freec from citric acid) or freosh millk inoculated with
one of the assocliated organiswms, alwaeys gave large incroases
in the volatile acidities, while the addition of sterile lactic,
beta hydroxy opropionikc, tartaric, succinie, malic or glycollic
acid did not give sisnificant increases. Furthermore, the
addition of sterile inorganic ac'ds ( sulohuric or nhosphoric)
to fresh milk inoculated with the organisms, guve essentially
the same amounts of volutile acids as the addition of sterile
lactic or tartaric acid,

Aoparently these latter organic acids function, in
milk cultures, in the same manner as sulphuric or phoaphoric
acid. Slnce the Inorganic acids presumably cannot be changed
into volatile acids, it appears probable that citric acid is the
actual source of volatile acids formed by the assoclated orgun-
isgris in wmilk, and that these organisms sre nolt capable of fer-
menting lactic acid Into volatile aclds, as was suggested by
Have er (7)., the lactic acid may free the cltratazs, naturally
present in milk, into an .asily avallavle form which is readily

changed to volatile acid. ihe fact that S. parsecitrovorus is

capable of producing a small amount of lactle acid in milk

while &. eitrovorus 4is not (7), partially explains the reason
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for the larger volatile acid production by the former than by
the latter type. ‘he availability of the citric acid may

have a bearing on the types of ucids formed. &, cltrovorus

cultures nroducec types of volatile acids in milk with no chew-
icals added,which consisted oIf acetlec plus large aumounts of

pronionic acld, while with ... paracitrovorus cultures these

acids were primarily acetic with a trace of propionic acid.
Since the type of volutile acid in wmilk cultures con-
taining dlacetyl practically always indicated acetic acid, it
may be that acetie acid directly is the source of the diacetsl
foried. I'urthermore, since the addition of increase. amounts
of organlc or inorganic acids to the cultures neerly always
incressed the amount of diacetyl present, it apocars probable
that & certain range of plI 1s an es:ential factor in the maxi-
mam production of diacetyl by the assoclated orguanisms. This
agrecs with the 1ldea held by certain investigators, that a
high aroma and flavor in a butter culture cannot be securcd

without considerable total acidity.
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CONCLI TOMN"

The organisms assoclated with o, lsebtis in
butter cultures are capable of fermenting citric acid
with the productlion of velatile ncids which consist
primarily of acetic with a trace or a small or a larre

amount of proplonic acid.

These assoclated organlsms alone are not
cupebie of fermenting lactic acid. It wverely func-
tions to free the citreotes, naturally prcesent in wmilk,
into easily available citric acid, whichi in turn is
changed into forms of volatile acids by these

orranisms.

Citric acld indirectly, and acetic azcld

diveetly, are possible sources of the diacetyl formed

by the assoclated organisms,



- i -

LOLLOVLLDGH LTS

I wish to express my sincere appreciation
to Dr. D, Jdlamer for having surrested thls problem
for my ‘nvestipgation, for nis helpful counsel and
constructive criticlsms at all stages of the work,
and for nis ald and criticisms in preparing the
manuscript; to Ny, i, .3lrd for i:ls advice in repord
to analytical methods; to i'rs. Iklrene iiisewanger for
her ardent and tireless efforts in typing the manu-
script, and to iLr. J. de womeRd for uils assistance in

carrylng out the Duclaux deterrinations.



I e b £ S e i 8L

(1)

(2)

(5)

(4)

-55—

BIBLIOGHRAPIY

fanerican Public Heolth Assoe., Laboratory Section.

1910

Keport of the coumlttee on standerd methods
of bacterial milk analysis. Amer. Jour. of

Pub. Hyglene, 20: 516,

Beekhout, J*, ".J., and 0tt De Vries. J.J.

1919

Aronmabildner beli der Ralvnssueruns. Centbl.f.

cakt., 2 Abt. 49:373.

Bosworth, £.'V., and Prucha, i .J.

1910

The fermentation of citric acid in milk.

Teche. Bul. 7.Y. Geneva Agr. hxp. Sta. 14.

Comn, (.U,

18869

1890

1891

1893

1894

1895

Dacteria in milk, cream'énd butter. An.ukep.
Conn. Storrs Agr. Exp. Sta., 2:52.

Ripening of cream. /n. hep. Conn. Storrs Apr.
Lxp. Sta. 3:136

Bacteria in the dairy. An. Rep. Conn. Storrs
Apre Lxp. Sta. 4:172.

Bacteria in the dairy. 4An. liep. Conn. Storrs
Agr. Exp. Sta. 6:43.

i‘acterla in the dairy. An. Hep. Conn. Storrs
tpr.e Lxps. Stae 7:57.

octeria in the dairy. An. liep. Comn. Storrs

Apre Ixp. Sta. 8:14.



- A -

1896 Dacteria in the dairy. /,n. liep. Conn. Stores
Agr, Lxp. Sta. 9:17,
1898 Some practical applications of bacteriology
in iuropean dailbying. Bacteriology in butter
mnalking. /in. Lep. Conn. Storr Agr. uxp.Sta.
11:85 .
1900 The ripening of cream. An. ltep. Conn. Agr.
Lxpe Sta. 13:13 .
(5) svans, A.C.
1918 A study of the sitrentococel concerned in
cheese ripening. Jour. Agr. lies, 13:290,.
(8)  weemee——ee , Hastings, W.G., ond llart, E.D.
1914 Bacteria concerned in the production of the
characterlistic flavor in checse of the cheddar
type. Jour. lgr. iles. 2:167.
(7) Hammer, B.'.
1920 Volatile acid production of. o,lacticus and the
orgeanisms assoclated with 1t in sterters.
Kes. Bul. Is. Agr. ¥xp. ota, 63,
(8)  mmmmvneae- , and Bailey, D.H,
1919 The volatile acid production of starters and of
organisms isolated from them. Les, ul. Ia,

Agr. Bxpe Sta. H5.



- 55 -
(9 ) =wemecmece- and Farmer l.0.
1930 Observations on butter cultures. Unpublished
paper, prescuted to the American hairy fclence
fguoclatlon,
(LO) mmemwm—e ~-, and Sherwood, F.P.
produced

1928 "he volatile aclds by starters and Ly orgon-~

isnms isolated from them. <es. Bul. la. Agr.

Lxn. Sha. 80,

(11) dart,Jobie, Hastings,!".G., #lint,. ..., and vans,A.C.
1414 liglation of the action of certain bacteria vo
the ripening of cheese of the cheddar type.
Jour., Agr. hes. Z:193.
(12) iieinemann, 2?.G.
1919 ik, p.2l. UL BE.Saunders Coe.
(13) ‘tenzold, .
1901 ﬁeitrégp zur {enntnis der langen Vel.
ilch~Ztg. 30:262.
(14) ‘c Donnell, .RE.
1500 ﬂbgr i.ileh saure bBakbterien. l'iel Univ. DLissert.
(15) oOrla-Jensen, .
19204 iJlologlsche tudiern ﬁher den Haseiroifungsprozess
unter spczieller Berﬁcksichtigung der [luch-

tiger Fettsauren. lLand. Jahrh. Schweiz. 18:310.



(16) 1913 Tie waltteriologie in der i'ilchwirtscharflt.
de 106. . ischer, Jenu,
(17) neclmalfuss, il., and Darthmeyer, i,

1928 Diacetyl ein &teffwechselproduct.

Honoe-reylier's Z.f. Hysiol, Chew. 1706:282,
(18) <herwood, I'.f'., and Hamier. B.'7,

1926 Citric acid content of milllk, ites. Dul,

Toe fpgr. bxp. Sta. 90,
(19) rtorch, V.

1919 Portsatte Underso--clser over [Fremstilillingen af
vyrevaelkere. 102Zde Beretning: fra Fors¢poslabl-
oratoriet, L.Vet.- og L&ndbch¢jSkOle,Copenbagen.

(20) ‘Wempleton, Hugh L., and “ommer, H.H.

1929 The use of citric acid and sodium clirate in

storter cultures. Jour. Iy, Soc., Jan, o.l.
(21) Van HNiel, C.5., Klugver, A.J., and Derx. 4.C.

it
1329 Uber das Dutteraroma., Biliochert, . 210:234.

b—

(22)  Teipmann, li.

1894 ~ileh - “tg. 25:321.



	1931
	The volatile acids formed from citric and lactic acids by streptococcus citrovorus and streptococcus paracitrovorus
	Michael B. Michaelian
	Recommended Citation


	 

