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INTRODUCTIOU 

The studies carried out in various laboratories liave 

indicated tiiat butter cultui-es are not pure cultures of 

Strentococcus lactis. as was at one time couuaonly 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 soxirces of the volatile acids produced in butter 

cultures by the organisms associated T/ith S..lactic appear to 

be (l) citric acid, and (2) lactic acid. The former is nat­

urally present in milk in small quantities, as citrates, and 

the latter is the result of the breaking down of lactose by 

bacteria. 

The work herein reported deals with (l) the type of 

volatile acid produced from citric acidj (s) the type of vol­

atile acid produced from lactic acid; and (s) the relation­

ship of the type of volatile acid and the source to tloe 

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 v/as a well established practice among prirai-
* 

tive peoples , Heinemann (12) states that this was described 

as early as 1776. 

According to Henzold (l3), a description of the method 

of using "lange v/ei" as a starter for edam cheese was publish­

ed in 1887 in a pamphlet by Boekel, Orla-Jensen (16) has re­

ported that the first commercial butter cultures appeared in 

1890. 

From time to time various investigators have reported 

their experimental results and conclusions in regard to cream 

ripening. They have often emphasized the fact that butter 

cultures contain 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 is 

a complex matter and that, "While the ripening of cream is xin-

doubtedly dependent upon the presence of bacteria, it is doubt­

ful whether one species can produce what is known as ripened 

* The writer has v/itnessed a comparable practice 
among the peasants in Turkey, and among ..he semi-
civilized tribes of various sections of Arabia. 



www.manaraa.com

- G -

croain." He also pointer out that althoUi";!!, the acid in buttor 

cv^lture la developed fr )m the sixgar, the flavor probably comes 

from some other source, Velgraann (252)^ Orla-.Tensen (15), 

and iiC Donnell (14) Viave done outstanding work on the subject 

of cream ripening, 

Kvans, Hastings and Hart (6) noticed that the addi­

tion of certain species of streptococci along with Streptococ­

cus lactis, improved the flavor of Cheddar cheese made froiri 

pasteurized milk. They also emphasized the irnportanc-, of 

associative action of these organlsins. 

As a result of a series of experiments on the ripen­

ing of Cheddar cheese, Uart, J-Iastings, Flint and Evans (11) 

reporter that: "Representatives of the coccus groups of organ­

isms isolated from Cheddar cheese when grown in milk produced 

large quantities of the volatile acids, partlciilarly acetic 

acid. These acids," they assuiiied, "were produced fcoin citric 

acid or lactose or protein, as the mediura v;as practically free 

frov.'i fat." 

h.vans (5) reported that streptococci other than 

lactis are coiiL on in ripening cheese of various kinds, and 

in otVier foods prepared by fermentation. She called these 

organisms cheese streptococci and described Streptococcus X 

and ''Streptococcus kefir. The addition of them along with 

S, lactis, improved the flavor in choose made from pasteurized 
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milk. This invostlf^ator observed that .S. lactls produced a 

snail quantity of acetic acid in railk cultures. 

In 1919 ilarainer and iiailey (8) reported that S. lactls 

from butter cultures produced amounts of volatile acids in 

agreornent v/ith the amounts found by Evans (5) for this partic­

ular organisiii, but much smaller than the amounts formed by 

good butter cultures. They isolated from butter cultures, an 

organism v/hich produced no change in litmus milk but which, 

when grovm with 8. lactis, gave a volatile acidity essentially 

the serine as that produced by good butter cultures. This or-

ganisva in pviro cixlture also produced considerable ai^iounts of 

volatile acidity. The work of Storch (19) and Boekhout and 

Ott De Vries (2) also shows the presence, in butter cultures, 

organisms other than S. lactis, that play an important part 

in the production of desirable flavor and aroma in butter. 

In 1920 Ilaimaer (7) isolated two types of streptococci 

which produced high volatile acidity in railk. lis proposed 

the naiTie Streptococcus citrovorus for the one type and the 

name of Streptococcua paracitrovorus for the other. He re-

porte:' that these or/^^anisms produced a hifjher volatile acid­

ity in railk to wiiich a sBiall atnowit of sterile citric acid 

had been addod, than in nilk without this acid. T^ie addi­

tion of sterile lactic acid to railk incre;ised the volatile 

acidity formed by ,? .citrovorus. but not the volatile acidity 
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produced by paracitrovorus. This was attributed to the 

fact that r.. paracitrovorus produces some lactic acid in mil]; , 

a portion of w :ich probably was later chfinccd to volatile 

acid. According to llaiTuner these experimental results obtain­

ed su;-';, ested tluit citric acid, tmd probably lactic acid, v/ero 

the sources of volatile acids in butter cultureso 

3tiidies rexjorted by Bosworth and Prucha (o) in 1910, 

indicated that the growth resulting from the addition of a 

small amouxit of buttermilk to sterile r.iilk caused the disap-
acid 

pearance of the citric^content of milk and the production of 

a high volatile acidity which was made up of acetic acid, 

Iri 1923 Hammer and Sherwood (10) reported that in a 

higlily ripened butter culture the volatile acid is largely 

acetic, and that ,"the kind of volatile acid present is not 

the same throu^^hout the ripening period of a butter culture, 

the acetic acid being less prominent early in the ripening 

and more prominent later, and the propionic acid accox^dingly 

luore prominent early and less prorainent later." 

In 1920 ̂ >c}imalfuss and fiarthineyer (17) found that, 

when a culture of Streptococcus acidi lact&ci Grotenfeldt 

+ streptococcus cremoris were grown in sterilised railk, one 

of the products identified v/as diacetyl, and concludcd that 

it is the result of bacterial xnetabolisrn. They fm-'ther sug­

gested that diacetyl does not arise from the lactic acid 

formed, nor is it produced by atrnoaphei'ic oxidation of 
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acctylnethyl carbinol. 

In 1929 Van Kiel, Eluy«er, and l^erx (21) reported 

that t3ie aroma of butter was due to the presence of dlacetyl 

produced by bacteria in the cultures. 

ilamn'er and •'•'•armer reported (9) that, "/ll of the 

desirable butter cultures studied contained acetylmethyl 

carblnol in amounts varying from 0.003 to 0,015B f':;rans per 

200 grama of cultiire, v/liile unsatisfactory butter cultures 

gave no acetylmethyl carbinol, or only a trace," and that, 

"tlioro was no correlation between the acet^/linethyl carbinol 

pi''oduction of the organiaras when 0.4 % citric acid v/as added 

to the milk, and their ability to develop satisfactory 

butter cult\.ires in connection with S. lactis," 
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AffiTHODS USED 

The volatile acid solutions studied were secured by 

steam distillation (8). Usually 50cjc, of N/l HgSO^ were 

added to one liter of the fermented material to free any vola­

tile acids that might have been combined v/ith 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 identifying the types of vol­

atile acids present in the distillates were: (l) the determi­

nation of the percent barium in the barium salt, and (s) the 

modified Duclaux method as carried out by Hammer and 

Sherwood (lO). 

In preparing the barium 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)g 

using phenolphthalein as an indicator, and discarded. From 

this titration value the remaining distillate was neutralised 

with the calculated amount of Ba(0H)g. The barium salt was 

evaporated to dryness in a water bath,re-lissolved in a small 

amount of distilled water, filtered through a filter paper, 

and re-crystallized. This re-crystallization was continued 

until no more BaCOg precipitation occurred when the salts were 
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re-dissolved In a small amount of distilled water. The BaC^;/ 

free salts v/ero ground to a powder, and either di'ied to con­

stant v/eifjit at 100°C., or heated continuously for about eif^ht 

.liom's at the same temperature. In the later part of tlie in­

vestigation the second procedx're was used, the accuracy of 

which was tested as follov;s; Each of the bariiira salts vias di­

vided into two parts. ilie one part was heated to constant 

weight at 5-00°C., and the other heated continuously for about 

eight hours at the same temperature. Tlie percentage of 

barium 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. 

Comparison of Constant Weight Heating(at 100°C)and Eight 

Hour Heating (at 100°C)for the Drying of the Barium Salts. 

• « 

'Comparison Method 
% barium in salt Differ­

ence of 
averages 

• « 

'Comparison Method 

A B Av. 

Differ­
ence of 
averages 

! 1 

Heated to 
constant wgt. 
Heated for 

eigiht hours 

53.07 

52.89 

53.06 

52.34 

53.065 

52.865 
0.20 

J 

: 2 

Heated to 
constant wgt. 
Heated, for 
eight hours 

52.79 

52.88 

52.81 

52.83 

52.80 

52.855 
0.055 

* 

3 

Heated to 
constant wgt. 
Heated for 
elffht hours 

53.23 53.18 

53.38 

53.205 

53.38 
0.175 

4 

Heated to 
constant wgt. 
Heated for 
elKht hours 

53.03 

53.2 

53.08 

53.13 

53.055 

53.165 
0.11 

: 5 

Heated to 
constant wgt. 
^eated for 
eifiJit hours 

53.26 

53.2 

53.29 

53.12 

53.275 

53.16 
0.115 

: 6 

Heated to 
constant wgt. 
Heated for 
elirht hours 

53.65 

53,71 

4 • ' 
53.52 • 53.585 

53.65 • 53.68 
0.095 

1 7 

-^eated to 
constant wgt. 
Heated for 
elKht hours 

53.29 

53.31 

53.23 

53.51 

i • -
53.26 

53.41 
0.15 

; 8 
Heated to 

constant wgt. 
^eated for 
eight hours 

53.12 

53.17 

53.25 

53.04 

53.185 

53.105 
0.08 

: 9 

Heated to 
constant wgt. 
^eated for 
Right honir»a 

53.32 

53.36 

53.39 

53.39 

53.355 

53.375 
0.02 

: 

•"^eated to 
constant wgt. 

Hftated, for 
elphi hours 

53.20 

53.11 

53.24 

53.14 

53.22 

53.125 
0.095 
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The percentage of barium v/as determined as follows: 

DiApllcate samples of about 0,5 gram of the dried salt were 

weighed out, transferred to a 250 cc, beaker, dissolved in i'rov'i 

GO to 75cc. of hot water, the solution heated to boiling on a 

low flame, and slightly more than the calculated amount of 

];l/l added slowly to the boiling solution. After digest­

ing this solution ( with a watch glass covering the bealcer) on 

hot plate for a reasonable lon/^th of time, usually over night, 

the BaSO^ was filtered off, ignited, weighed to constant weight, 

and tlie percent barluin in the original saraple calculated. 

Table II gives the barium values obtained by this raethod on 

supposedly pure acetic and propionic acids from coiniiiiercial 

sources. The barium values secured on each of those acids are 

slightly below the theoretical values. Tlie percentage varia­

tions with the salts of propionic acid are greater than with 

those of acetic acid, Tiie purity of the acids may have had a 

bearing on the bariiim values obtained. 
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TABLE II „ 

Peroeiit Barima in Salta Prepared from Couitaercial 

Acetic and Pi-opionic Acids. 

Barim salts fo barium in se.lt 
of :Trials 

* 
« 

« 

A B Av « 
Theoret--

5 

Acetic acid * ^ 5?, 60 5S,59 5S*595 5S.78 ; 

1 2 5X«S6 5S,71 55.685 •* 

I 5 53.5fi 5S,51 5;?, 515 
« 

k 
• 

t 4 5£.60 S 55.56 5S.f58 
I 

t 5 55*65 : 53,70 5K.675 
: 

0 
» ? 

Propionic 
acid 1 47.72 47,68 47.705 

S 47,72 47. Sc 47.775 

»V 48.05 48.1:5 48,03 

4 48.06 4S.01 4S.0?.5 

5 4S,19 48.14 48.1G5 

48.47 

Propionic 
and 

Acetic acids 

1 ' 50.76 • 50, G1 

g ' 51.17 * 51,88 

3 * 50,98 51,08 

Butyric acid 

Foralc acid 

50.G85 

51.gg5 

51 «0 

44,10 

60.41 * 

* ApproxiraatG-ly 0,5% solution of each acid was 
prepared and equal volumes of tiie two rilxRd 
tos^Gther# 
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The filtrates from the barium determinations were used 

for the r>uclau:-c method. '^he voliune of the solution in the 

distilling flask was kept constant at 110 cc., and distilled 

at the rate of lOOcc. in about 45 to 50 minutes. Ten cc. 

fractions of the distillate were titrated with K/2Q. llaOH, 

usinR phenolphthalein as an indicator, and the percentage of 

volatile acid in each fraction calculated. 

Duclaux values were secxn'ed with the method indicated 

aoove on coimnercial acetic and propionic acids so that they 

could he used as a basis in studying the unlmown acids. 

Table III cives representative titrations and Dxxolaux values 

on cormnercial acetic and propionic acids, while t able IV gives 

a sxjiinnary of all the Duclaux values. 
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TABLE III. 
Representative Exaaiples of Titration and Duclavuc Values 

for Gomnercial Acetic and Propionic Acids 

I Acetic Acid 
cc. of distillate 

10 20 30 40 50 60 70 80 90 100 

.'A+ ; 
*B++ •: 
;c+++: 

3., 6 
3^6 
12^63 

3.5 
7.1 
24.91 

3.3 
10.4 
36.49 

3.05 
13.45 
47.19 

2.95 
16.4 
57.55 

2.6 
19.0 
66,67 

2,6 
21^6 
75.79 

2.4 
24.0 
84.21 

2.3 
26.3 
92.28 

2.2 
S8.5 
100 

: 
> -

• 

10 20 30 

Propionic Acid 
40cc. of^^istill|^e 70 80 90 100 j 

:A+ : 
:B-f-+ ; 
iG+++:-

• . 
• 

5i8 
5,Q 
15^72 

5.3 
11.1 
30i08 

4.65 
15.75 
42.68 

4.1 
19.85 
53w79 

3.8 
23.65 
64.09 

3.35 
27.0 
75.17 

2.8 
29.8 
80.76 

Hoi 
32.5 
88.07 

k,oo 
34.88 
94.44 

a.iiJo. 
36;9 . 
100 

j Propionic and Acetic ^ixed ' 
cc.of distillate * 

10 20 30 40 50 60 70 80 90 100 ; 

:A+ ; 
;B++ 1 

4.2 
4.2 
13.45 

4.2 
8.4 
26,92 

3.7 
12.1 
38.8 

3.5 
15.6 
50.0 

3.15 
18.75 
60.1 

2.85 
21.6 
69.25 

2.7 
24.3 
77.95 

2.55 
26.85 
86.05 

2.25 
29.1 
93.25 

2.1 ! 
31.2 ? 
100 : 

A+ cc. N/20 alk. required for successive cc. fractions, 
B+-f- Stun of values in A for a given amount of distillate, 
G+'+'f' Values given in B calculated as percent of the titration values f the 

100 cc. of distillate. 
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(TABLE I?. 

Daclaux Values of Commercial Acetic and Propionic Acids 

6 

1 Acid 

No. 
of 
runs 

Average Duclaux Values 

1 Acid 

No. 
of 
runs cc, of distillate 

10 20 30 40 50 60 70 80 90 100 
' Acetic 
• acid 
•a- max;in 
•b- rain;in 
ic- av; of 

10 
10 
10 

15.31 
11.94 
12.82 

S5.18 
24.22 
24.94 

36.69 
34.8 
36.54 

47.48 
46.3 
47.37 

57.91 
55.27 
57.58 

67.27 
65.5 
66.96 

75.72 
74.7 
75.81 

84.53 
83.6 
84.38 

92.44 
91.8 
92.42 

100 
100 
100 

^Propionic 
acid 

a- max.in 
b- inln.in 
c- av; of 

10 
10 
10 

16.11 
14.96 
15.68 

30.46 
28.0 
29.96 

43.15 
40.95 
42.7 

53.93 
51.6 
53.91 

64.21 
62.05 
64.02 

73.35 
71.55 
72.97 

81.22 
79.6 
80.82 

88.32 
87.0 
88.01 

94.54 
93.5 
94.42 

100 
100 
100 

Ppoplonic 
and acetic 

mixed"'' 
a- max.in 
a- min.in 
c- av. of 

6 i 
6 
6 

14.33 
13.52 
13.77 

26.9 
26.57 
26.62 

38.55 
38.26 
38.68 

49.7 
49.15 
49.79 

60.0 
59.45 
60.01 

70.1 
69.0 
69.64 

78.2 
77.9 
78.24 

86.25 
85.55 
85.27 

93.5 
93.25 
93.4 

100 
100 
100 

Approxiaately 0,5^ solution of each acid was prepared and equal volunes 
of the two mixed together. 
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The iuil:nov;n volatile acids secured of ton gave Duclaux 

values which fell in betv/een those for acetic and propionic 

acids, V.lien they were rauch nearer those of acetic acid than 

with those of propionic acid, the mixture v;as considered as 

inainl;/ acetic plus a small amount of propionic; and v/hen the 

values obtained agreed more closely v;ith those for propionic 

acid than v/lth those of acetic, the mixture was considered to 

he propionic plus some acetic acid. 
an 

'.flie Daclatix method has heen criticised as^uasatisfacto­

ry means of determining the kinds of volatile acids present in 

a mixtiire. Its use, hov;ever, was considered necessary as a 

roufrh check on the barium values obtained on the barium salts. 

'ilie procedure employed in the examination of cultures 

for diacetyl consisted of an adaptation by HaiiCiier and Parmer(9) 

ol' Llie widely used Lemoigne (21) method. The first 25 GO., of 

distillate from steain distillations were treated v/ith 5 cc. of 

sodium acetate to bufferjthe solution, then v/ith 5 cc. of 

hydroxylamine hydrochloride to change the diacetyl, if any is 

present, to diraethyl glyoxirae, and finally v/lth 1 cc. of nickel 

chloride to change the dimethyl glyoxime to nickel dimethyl 

glyoxime, wh.ich 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 tracc to a 

comparatively large quantity as follows: (1)trace, (P.) verj 

slight, (3)slight, (4)very small, (5)small, (G) large omoimts. 
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Chemicals Added 

The preparations from v/hlch the various additions 

of chemicals were made had the following concenti''ations: 

/.cetic acid ap jroxiniatoly 99.5 , i 

lieta liydroxy propionic acid 

Lactic acid 

Phosphoric acid 

Propionic acid 

ul p]xar i c acid 

Citric acid 

Dipotassium phosphate(KpHPO^.) 

Glycollic acid 

i.alic acid 

Succj.nic acid 

Tartaric acid 

+ 
Contains one molecule water of crystallisation. 

92 

Q 'A 

90,5 % 

98 

c,p. crystals 
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iaPEUILIEKTAL 

Presh milk is a very satisfactory medium for the 

growth of F.-. citrovorus and .S. paracitrovorus. Hov;ever, 

the natural presence of citric acid in milk, which woulc;! in-

torfoi'G v;lth the determination of the products foiTned from 

lactic acid, suggested the study of other meciia. 'lY;o types 

'•'ere used: (1) beef Infusion bouillon with additions of 

Fleisclunann's compressed yeast and di-potassiurn-hydrogen 

.Dhosphate, and (2) fermented milk free from citric acid. 

The preliminary attempts { carried out in tost 

tiP-bes or sr;all flasks ) to grow the organisms in these two 

media proved encouraging; thereupon further trials were 

undertake.:. 
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Results Obtained 

v;lth 

Phosphate-Yetist-Beef infusion Bouillon. 

'.fhe beef-infusion bouillon was prepare!) in the 

usual way (1). '-^'he clear solution of broth, to v;!ilch 

approximately SO to 25 % Fleisclunann's coripresaed yeast and 

0,4 ,'l. KrjilPo^ v;ere added, v/as divided into portions and put 

into flasks. After adding amounts of citric or lactic acid 

or other cherr.icnls to the flasks, they v;ere sterilized in 

the autoclave under fifteen pounds of pressure for about 30 

minutes. •'•he sterile solutions were inoculated v/ith varioiis 

strains of associated organisms, incubated at 2l"c. for soine 

tine, fil'-ered tliroup;h paper to get a fairly clear solution, 

and steam distilled. 

Table V .f^ives the ar.iounts of volatile acida and 

the barium and Duclaux values obtained on these when various 

associated organisms were inoculated, while table VI presents 

sinilar values secured when culture 5 ( S.citrovorus ) v/as 

inoculated. The data sliov; that the addition of citric acid 

alv^ays ind'eased the volatile acidity; while the addition of 

lactic, beta Jiydroxy propionic, tartaric, succinic, rnalic, 

or g lycollic acids, although they permitted the grov/th of 

organisms, as was shovm by cultures on beef infusion agar 

slopes, did not give appreciable increases in volatile acid-
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Ity. 'Some lots of •bouillon, without adclod cheiuicals, inocu­

lated v/lth culture 1 or culture 5; and some with or without 

added cljeiiiiculs, not inoculated, gave ahout the sa;nc amounts 

of volatile acidities as the c 'Ituros to v/!';ich the organic 

acids other than citric acid had been added. 
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Tj\BLE V. 

Amounta and Types of Volatile Acids Pormed in Phoaphate-Yoas 

with Various Additions by Associated (?2»3an 

3atch;Desig-
tlo. : nation 

;of rim 

LI 

L2 

i a 

d 

Chemical added 

Kind 
• Ant,in 
;|percont 

Lactic 
acid 
Citric 
acid 
Lactic 
acid 
Lactic 
acid 

0.6 

0.4 

0,6 

0.6 
Lactic 
acid 
Citric 
acid 

0,5 

0.4 

s 'Final : see. of 
Associated"Period ^ficidiby : cc, oirW/lO al 

J. , 'calcvi- tciAlt-ureifor one 
organisms ;dis- :liter o 
inoculated; tod at :as fo lac; tilled jdistil-

t 2l°C.'tic acidj tlate 

Culture 2 23 da. 0.47 450 16 

Culture 2 26 da. 0.19 400 48 

0.49 550 22 

0.38 400 7 

Culture 17 57 da. 
Culture 1 
+ S.lactis 26 da. 
Culture 1 
+lactis .5 da, '0,66 900 15 

lactia 15 da, 0.60 900 ^ 
^ulture.1 

L5 

,a 

-b 

8 

8 

a 

9 
b 

Tartai---
ic acid. 
i'artai?-
ic acid 

iuccin? ic aqid 
Succxn-
ic acid 
1 alio 
acid 
i  alic 
acid 

10 
a 

f 

11 
a 

I7/C0I-
ic ci.cid 

None 

0,6 

0.6 

0 .6  

0.6 

0.6 

0.6 

0 , 6  

Culture 1 

Culture 1 

Culture 1 

Culture 1 

Culture 1 

Culture 1 

Culture 1 

Culture 1 

18 da, 

18 da. 

17 da. 

17 da, 

17 da, 

17 da. 

20 da. 

18 da. 

0.88 

0.89 

1.30 

1.30 

1.13 

1.03 

0.23 

0.44 

700 

700 

650 

650 

700 

700 

600 

600 

22 

20 

25 

22 

20 

20 

16 

26 

L4 
a 

.a 

b 

2 

Lactic 
acid 
Citric 
acid 
All c}iet'!3, 
added 

0.5 

0.4 

Culture 1 15 da. 0.67 

Culture 1 20 da, 0.67 

None 9 da, 1,07 

600 22 

600 129 

900 14.9 

L2 

3 

b 

Citric 
acid 

Lactic 
Citric 
acid 

0,5 

0.6 

0,45 

Culture 2 16 da. 0o71 850 84 

Culture 2 16 da. 0,68 900 18 

Culture 3 16 da. 0.69 950 56 

•^Value obtained ?;hen the entire one liter of distillat 
instead of calculating from the value for 50 cc. 
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TABLE V. 

,le Acida Pormod in Phoaphate-Yoast-Beef Infusion Bouillon 

.ous Additions by Associated (Jjfsanisras, 

J ! Pinal s 5CC.  o f  
• • 
'Period . acidity ; cc. of  :W/10 alk % barium in salt Results : calcu- J cixl ture ;for one 

Results 
.incuba-; • latod ; dis­ ;liter of of : 
jted at as % lac; tilled ;distil- A B Av, Ducla\ix 
S 21°C.-tic acid; slate 

Ducla\ix 

• 

48.94 
Acetic +large itnt.^ 

i 23 da. 0,47 450 16" 48.94 S8,94 of propionic acid 
Acetic + trace of 

: 26 da. 0,19 400 48  53.43 53.38 53,405 propionic acid 

0,49 22 47.22 47.22 
Acetic +large amt.. 

7 37 da. 0,49 550 22 47.22 47.22 of propionic acid 

. 3  26 da. 0.38 400 7 
Acetic + trace of 

7l o  da. 0,66 900 15 48,65 48,36 48.505 propionIc acid 
Acetic + lar^e amti 

15 da. 0,60 900 42 52.26 52,09 52,175 of propionic'acid * 

18 da. 0,88 700 22 
Acetic plus large • 

47,06 46,91 46,985 amount of • 
18 da • 0,89 700 20 propionic acid * 

. 17 da. 1.30 650 23 Acetic plus large \ 
50,71 50,63 50.67 amount of ' 

. 17 da« 1.30 G50 22 propionic acid • 

17 da. 1.13 700 20 Acetic plus small | 
50.62 50.46 50,54 amount of | 

17 da. 1.03 700 20 propionic acid . 

50.28 
Acetic+saall anit. : 

1 20 da. 0.23 600 16 50,19 50.28 50,235 of propiojiic acid • 
[ 

51,19 
Acetic plus trace t 

I 10 da. 0.44 600 26 51,19 51,20 51.195 of propionic acid . 
1 

51.4 51.35 
Acetic + small aint; 

, 15 da. 0.67 600 22 51.3 51.4 51.35 of propionic acid . 
Acetic + small aratj 

, 20 da. 0.67 600 129 53.21 53.15 53.18 of propionic acid : 
f  

9 da. 1.07 900 14.9"^ ««•«•>«•» 

• 

Acetic + large amtI 
16 da. 0.71 850 84 52.88 52.83 52.855 of propionic acid { 

0.68 
Acetic -i- large amti 

16 da. 0.68 900 18 48.89 48,62 48.75r of propionic acid ; 

16 da. 
Jicetic + small amt." 

16 da. 0.69 950 56 52.85 62.81 52.83 : of oronlonic acid : 

the entire one liter of distillate was titrated 
[.atlng from the value for 50 cc. 
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TABLE VI. 

Amounts and Types of Volatile Acids Formed in Phosphate-Yet 

with Various Additions by S.citrovorus ( G\ 

Batch 
No, 

• 
• 

• ChGi'iical added 

Desig-t 
nation; Kind ; Amt. in 
of run; • oercent 

; : • 

Period 
incu­
bated 
at 21°C. 

• 
• 

''inal acidity 
calculated 
as percent 
lactic acid 

• 

; cc. 
cc. of :Tl/l0 
ctilturetfor < 
dis- tlite] 
tilled :dist; 

: late 

L 2 

• : 

"Citric acid * 0.5 18 days 0.72 850 ; 73 

L 2 
- b 5 ' 
1 LLactic acid • 0.55 16 " 0.67 

• 

650 ; 16 L 2 

: 1 ;Lactic acid • 0,6 18 " 0,75 

• 

650 • 30 

L3 

- ; • 
1^ "Lactic acid * 0.5 15 " . 0.8 

• 
• 

GOO : 25 

L3 

lb 'Lactic acid 0.5 20 " 0,26 
• 

COO 1 18 

L3 

Q :Beta hydroxy 
1 :propionic acid 0,25 20 " 0.7 600 : 21 

L3 • 
• 

1^ 5 Citric acid 0.4 15 " 0,29 

• • 
• 

650 • 67 

L3 

1*^ I Citric acid. 0,4 
• 

15 " I 0,2 600 I 68 

L3 

f • 
1 I None • 

_ _ _  
* 

20 " I 0.57 600 i 34 

lA 

i 

• 

Ol • 
1 sLactic acid 0,3 

• 
• 

10 " • 0.57 

• m 
700 * 7 

lA 

i 

• 
• 

1^^ 'citric acid 0.3 

• 

10 " ! 0.5 

• 

750 : 54 

lA 

i 

^c : Check 

• K2HPO4 0.6 10 " 0.18 800 e 
lA 

i 

• Check 

c : 2 * yeost 
jail chemicals 
•used added 

0.6 
25.0 

9 " 1.07 900 14 

; M" 

« 

: Check 

I Yeast 
n CI • . 
1 . in 

IlOOO cco of HpO 
j without 
I bouillon 

25 9 " 0.077 1000 i 

!Tartaric acid 0,6 18 " 0.9 700 2' 
• ' » » 

1 J Tartaric acid • 0,6 i 18 " 0,89 700 2: 

. ci.. _ _ .J „ a _ . ne .TW II . 1 OQ 
« 

• O' 
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TABLE VI. 

3 Porraed in Phosphate-Yeast-Beef Infusion Bouillon 

ions by R.citrovorus ( Culture 5 ) 

t  
• 

nal acidity 
Iculated 
percent 
ctic acid 

cc. of 
culture 
dis­
tilled 

CC, of 
N/10 alk, 
for one 
liter of 
distil­
late 

barium in salt 

Results of Duclaux 

t  
• 

nal acidity 
Iculated 
percent 
ctic acid 

cc. of 
culture 
dis­
tilled 

CC, of 
N/10 alk, 
for one 
liter of 
distil­
late 

A B Av, 

Results of Duclaux 

0.72 850 75 52.85 52.91 52.88 
Acetic plus trace 

of propionic acid 

0.67 650 16 49.12 —. 49.12 
Acetic plus small 
arnt, proDionic acid 

0.75 650 30 51.39 51.27 51.33 
Acetic plus small 
amt, propionic acid 

0.8 600 25 
;Acetic plus small 

50,46 50,36 50.41 :aint. propionic acid 

0.26 600 18 
J Acetic plus trace 

50,51 50,20 50,355 Jof propionic acid 

0.7 600 21 

1  I I  1  1  Ml I I  

'Acetic plus small 
50,37 49,99 50,18 Jamt, propionic acid 

0.29 650 67 
•Acetic plus small 

52,79 52,81 52,80 ;anjt, propionic acid 

0.2 600 68 
'Acetic plus trace 

53,07 53,06 53,065 Sof propionic acid 

0.37 600 34 
• Acetic plus large 

52,35 52,26 52,295 'amt, propionic acid 

0.57 700 7 
k 

0.5 750 54 53,20 53,24 53,22 
Acetic plus trace 
of prooionic acid 

0.18 800 6.2 W  M *  

1.07 900 14.9 

0.077 

I 

1000 
•J-4' 

8.1 

0.9 700 24 47.87 47,69 47,78 
'Propionic plus 
• trace of 
• acetic acid 
•J 

0.89 700 : 23 
•S -! 

47.87 47,69 47,78 
'Propionic plus 
• trace of 
• acetic acid 
•J 

"•2 • .Acetic olus larce 
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1^ 'Citric acid 0,4 15 " : 0.29 650 67 
• 

1^ ;Citric acid- 0.4 15 " 0.2 GOO 68 

1^ None 20 " 0.37 600 54 

L4^ 

l'^ Lactic acid 0,0 10 " 0.57 700 7 

L4^ 

1^^ Citric acid 0.5 10 " 0.5 750 54 

L4^ 1° Check 

K0HPO4 0.6 10 " 0.18 800 6 
L4^ 

2° 

Check 
KgnP04 
yeast 

all chemicals 
used added 

0.6 
25.0 

9 " 1.07 900 14 

L4^ 1^ 

Check 

Yeast 
in 

1000 cc, of HpO 
v/itViout 
bouillon 

25 9 " 0.077 1000 £ 

L5 

la Tartaric acid 0.6 18 " 0.9 700 24 

L5 

1^ Tartaric acid O.G : 18 " • 0.89 700 : 2c 

L5 

2^^ Succinic acid 0.6 ; 17 " 1,28 G50 ; 2e 

L5 

2^" Succinic acid 0.6 ; 17 " 1.2 700 ; 2i 

L5 

oS !alio acid 0.6 : 17 " 1.2 650 : 2f 

L5 
3^ : alic acid 0.6 17 " 1.18 700 2: 

L5 

4^ Glycollic acid o.e 20 " 0.77 750 1^ 

L5 

5^ None 18 " 0.42 700 2' 

L5 

6^ 
Check 
None IB " 0.44 400 li 

L5 

b 
6 

Check 
All the cheraic-
als used added 18 " 2.4 400 1; 

*{* 

S.lactis was Inoculatod v/ith culture 5. 

4*-I-
Values obtained when the entire one liter of diatilli 

from the value for 50 cc. 
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% K/ ^ c i u i u #  J^X'U J-'XUXIXO no ICl 

0.29 

• • 

650 * 67 
;Acetic plus small 

o2,79 52.81 52.80 : anit. propionic acid 

0.2 
« 

600 1 68 
•Acetic plus trace 

53.07 53.06 53.065 '-of propionic acid 

0.37 
• 

600 1 34 
5 Acetic plus large 

52.33 52.26 52.295 'aisit. propionic acid 

0.57 

• • 
700 = 7 

. . . . . .  ^ 

0.5 

• 

750 : 54 53.20 53.24 53,22 
Acetic plus trace 
of proDionic acid 

o.ia 

' £ 

• • 

800 : 6.2 

1.07 

• 
; ++ 

900 ; 14.9 
* • 
• 
• 

0.077 

• 
• 
a  

1000 ; • 
• 
• 

• 
» 

1  
• 
» 

0.9 700 : 24 47.87 47.69 47.78 
Propionic plus 

trace of 
acetic acid 0.89 700 5 23 

47.87 47.69 47.78 
Propionic plus 

trace of 
acetic acid 

! 1.28 650 : 23 
50,43 50.36 50.395 

Acetic plus large 
amount of 

propionic acid 1 1.2 
( 1  

700 i 25 
50,43 50.36 50.395 

Acetic plus large 
amount of 

propionic acid 

1 1.2 650 : 22 
50.94 50.93 50.935 

Acetic plus larr.'.e 
amount of 

propionic acid ll.ia : 700 ; 23 
50.94 50.93 50.935 

Acetic plus larr.'.e 
amount of 

propionic acid 
3  

j  0.77 750 : 14 • 50.18 50.19 50.185 
Acetic pluii small 
ai:it, Drooionic acid 

1  0.42 
• 

700 ! 24 • 50.09 50.09 Acetic plus trace 
of propionic acid 

1 
1 0.44 

M
 

r-i o
 
o
 

48.66 49.48 49.07 

Acetic plus large 
amount of 

propionic acid 

1  

f 2.4 

1  •  

o
 
o
 

H
 
H
 

48.66 49.48 49.07 

Acetic plus large 
amount of 

propionic acid 

I 

I lltvire 5. 

i one liter of distillate was titrated instead of calculating 
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The barium and rmclnux values of the volatile acids 

secured v;lth the addition of citric acid, alv^aya indicated 

acetic v/itli lar^e or small ai:oimts or n trace of uroi)io-ilc 

acid, 'j'he bariwr. val^xes on the volatile ccids secured v-ith 

tVie addition of other ori'^anic acids, v/itli and without inocula­

tion, indicated propionic and sometimes snsall or large aT.io\uits 

of acetic acid, '•"•'he inoculation of f..lactis alon{_^ v/ith 

culture 5, when lactic acid had been add'-.d to the bouillon, 

,yave barimi values ali^'-.htl:/" higher than v/ithout r . 1 actia. 

•iiovi?over, the inocula.tion of f'.lactis along vith cultua^o 1 did 

not produce enough acids for bariuin value deteriiiinations. 

^n tv.'o trialn when culture 1 or cultxire 5 V/G.S inoculated alone, 

the volatile acids obtained consisted of a mixture of about 

equal quantities of propionic and acetic acids. In a differ­

ent batch of media, without an;/- acids added, however, culture 5 

produced volatile acids made-up of acetic plus a large amount 

of propionic acid. 

The barium and Duclaux values did not always agree 

V7ith each other. 

Since associated organisms produced volatile acidi­

ties in phosphate-yeast-beef infusion bouillon ivith no chemic­

als added, this mediuia v;as considered unsatisfactory for 

further investigation of the problem. 
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Results Obtained with Fermented I'ill<, 

The preparation of fermented milk, free from citric 

acid, was based on the fact that the citric acid content of 
or 

milk (18), soijred under ordinary conditions^after inoculation 

vifith S,paracitrovorus cultures, completely disappears vjitliin 

two to foxir days (20). The milk used vms that which had been 

delivered by the College Dairy Farm to the Dairy Industry mar­

ket milk department. Some lots were allov/ed to stand at room 

temperature for at least six days, while other lots were pas­

teurized and inoculated with P.paracitrovorus or butter cul­

tures, and incubated at 21°C. for at least five days. The 

milk was then steam distilled, the distillation being contin­

ued until the last liter of distillate required only about 3 

to 5 cc. of N/10 NaOH for neutralization. 

The amount of volatile acids obtained from the impure 

milk cultures and the barium and Duclaux values on some of thera, 

are given in table VII. 
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TABLE VII. 

Amoiints and Typos of Volatile Adda Formed in Varloixs 

jiatch jDosig- I 
. of .nation . Ciiltures inoculated 
.media .of run . 

* Pinal 
:acidity 

Period 'calcu-
incu.bated 'lated 

• 
. as ya at 21°c. 
[liictic 
: acid 

.CO, of 
t culture 
idis-
r tilled 

cc. of 
H/10 aIk, 
for one 
liter of 
distil­
late 

'Kaw • 
'milk ^ 1^ 

* • 
• 
• '-one 5 days 0.88 800 52 

'natur-; 
'>117 : 
'soured' 
; at 1 
'room 

b 
1 

• t 
• wone 5 U 0.91 800 48 

'natur-; 
'>117 : 
'soured' 
; at 1 
'room 

1^= 
0  • 
« • 
5 da 

-^iSSC . 
;;3 of sourinp; + 
oiT-:. culture 15 6 u  0,89 800 44 

1 temper^ 
*ature 1^ 

• 
a 
« 

# 

3 do 
as3c. 

d of 3 our in?': plus 
orp;.cultux'e 16 6 t) 0.83 800 42 

jpastcus 
:ized : 
iskiiriw 

ga 
• 
a t 
« 

Aasc.orf-;. cultiare 16 
for D clays plus ba.xt-
tor culbure B 16-1 

11 •! 0.72 BOO 53 

;raed 
;milk 
•inocu-
ilated 
iv/ith 
; pure 

2^ 

T m 
« • 
» 
• 

/'ssc. 
plus 

h  

org. culturc 16 
butter culture 
10-1 

11 !* 0.96 860 55. 

;raed 
;milk 
•inocu-
ilated 
iv/ith 
; pure 3^ 

1 IIB>^ 
« • 
• Asac. org, culture 15 11 0.55 900 55. 5 

•cult-
•iires & 
•butter 
;cult-
;m'es 
• • 
« 
• 

3^ 

• • 
« • 
• « 

Aanc .  org, culture li^ 
for 4 days plus ?. 
butter cuitiire B 16-1 

4 U 0.70 850 57 
•cult-
•iires & 
•butter 
;cult-
;m'es 
• • 
« 
• 

3° 

• 
• 
• 
A 
« 

AssCo 
plus 

org,.culture 15 
butter cultixre 
B 16 - 1 

12 tl 0.999 850 59. 5 

: 
• • 

« « 
• • Butter culture ;.o.l22 1-2/3" 0.90 900 70 

• • 
« 9  

0 • 
<• 
• 

II II n IT 4-s It 0.945 950 52 

; Past, 
;whole 
:p.iilk 
jinocu-

4° 
• 

<» 
« 11 11 11 tl 0.89 950 40 

; Past, 
;whole 
:p.iilk 
jinocu-

<* 
« <1 II 11 II ,x jT 11 0,756 1000 26 

.lated 

.with 
Ibutter 
J cult-
jure 

5^ • • 
• • 

11 II 11 ti 1 U 0.81 1000 49. 5 
.lated 
.with 
Ibutter 
J cult-
jure 

5° • 
• • 

II 11 11 II 1-3/4" 0.89 1000 49 

.lated 

.with 
Ibutter 
J cult-
jure « • 
* • 5^ • • II I I  II It 2^ tt 0.89 1000 50 
• • 
• • 
« 

5® 
• • 
S • 

. .» 

u ti 11 11 2-2/ 
1. Ill 

3" 0.88 1000 53 

Ster-
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TABLE VII. 

Le Acids Formed in Various Impure ].!ilk Cultures 

''inal 
icidlt;/ 
;alcu~ 
lated 
XS 
Lactic 
icid 

• 

1 cc. of 
CC. of 'il/lO alk» 
culture .'for one 
dis- Iliter of 
tilled iflistil-

!late 

%bariuin in salt 

* { — 
• • 

A : B ; Av, 
• • 

Results of Duclaux 

0.88 800 52 51.04 50.84 50.94 
cetic plus small 
mt. 

0.91 800 48 51.13 51.02 51.075 cetic plus large 
mt. propionic acid 

0,89 800 44 50.45 50.37 50.41 
cetic plxis large 
amt. propionic acid 

0.83 800 42 51.28 51.10 51.19 
cetic plus snail 
airit. propionic acid 

0.72 800 53 

0.96 860 55. 

53.01 53.10 53.055 

> 

Acetic plus trace 

of propionic acid 

0.55 900 55.5 53.24 53.18 53.21 
Acetic plus small 
arr.t. propionic acid 

0.70 850 57 52.0 51.99 51.995 
Acetic plus trace 
of propionic acid 

0.999 850 59.5 52.82 52.84 52.83 
cetic plus trace 
of propionic acid 

0.90 900 70 51.293 51.293 
-cetic plus trace 
of propionic acid 

0.945 950 52 52.68 52.68 Acetic plus small ,, 
amt. propionic acid 

0.89 950 40 52.34 52.34 
Acetic plus small 
amt, propionic acid 

0.750 1000 26 51.98 61.98 Acetic plxxs trace 
of propionic acid 

O.BL 1000 49.5 Acetic plus large 
ox, fu oj-. cu : t)l?0Dl0nic acid 

0.89 1000 49 CO QQ CO QQ * Acetic plus small B^J.98 - oroDionic acid 

F0,89 1000 50 
• 

53.03 53.03 • '^''ARABIL'^P^OPF.ONSC^ACID 
r 

0.88 1000 53 52.96 52.96 = Acetic pluce trace 
i, . of propionic acid 
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l . ' A A  U W X X  

of 
media 

nation . Oxilturea inoc\ilated 
of rviri . 

Pasteur 
:izecT s 
•akiiriv 
;med 
•milk 
tlnocu-
•lated 
:v/ith 
; piire 
•cult-
'ures &• 
•butter 
;GUlt-
jures 

Kaw 
nilk 1^ 

• 
• 

• 
* •i' one 5 days 0.8B 800 52 

natuz'-
ally 
soured 
at 

room 

b 
1 

• 
• 

• 
T.'one 5 (1 0.91 800 48 

natuz'-
ally 
soured 
at 

room 
1° • 3 do 

•uasc. 
•;r3 
or 

of sourin!3 + 
r;.culture i5 6 n 0.89 800 44 

temper^ 
|ature 

'  I W I . I . 1 1 .  1  

1^ 
da,, 

l o s s c .  

.•3 of sourin;" plus 
or p;. culture 16 6 n o

 
9

 CO
 

O
-

i
 

800 42 

SAasc.orf-;. cultui^e 16 
tfor fi days plus taut-
Jtor cultiire B 16-1 

2^ 
'/'S3C. ore;, culturc 16 
^plus 'butter cultm'e , 
: b lG-1 

3^ IkBc.c, org. culture 15 

3 b 
•Assc. org. ctxlture 15 
• for 4 days plus I 
•butter culture B 16-1 

o 
.As50, org» culture 15 
• plus butter oxltui'o 
; B 16 — 1 

rtji'j.uu. , uttj-uu."" Oi ^ IN/J.U aXit 
incubated lated ^cultixre |for one 
fit PI Op >3 ;dis- : liter of 

o. ^ifictic ; tilled .distil-
:acid i '.late 

11 0.72 

11 0.96 

11 0.55 

4 0.70 

12 " 0.999 

800 

860 

900 

850 

850 

53 

53. 

55.5 

57 

59.5 

• Pasto 
:whole 
• milk 
:inocu-
.lated 
'.with 
I butter 
;cult-
lure 

,a 
;Butter culture; .-0.122 1-2/3" 0.90 

,b il II 4| 0.945 

Oh " 0.89 

5^^ II II 1 II 
fi 0.756 

-b II I? 0.81 

II )i 1-5/4" 0.89 

0.89 

5® M n 2-2/3" 0.88 

900 

950 

950 

1000 

1000 

1000 

1000 

1000 

70 

52 

40 

26 

49.5 

49 

50 

; Ster-
. lie 
1 skim 
• milk 
' inoc* 
; with 
. butte 
• cult-
: ure 

;a iliiittor cult.Wo.B 16-1 

,b 
6 

b 7 " 

0.96 

1.02 

1.02 

900 

900 

800 

54 

58 

60 
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jaicu-
.ated 

.CO. of 
'cultvire 

'.N/10 alk. 
|for one 

/ouai'-Luui in saxx: «  a  • 
9 « « 
: Results of Duclaxxx • 

m  M  • 
• a  • " 

XS % 
Liictlc 
icld 

;di3~ 
:tilled • 
• • 

I liter of 
distil-
! late A 

• • • • 
: B 
• * 

hv. 

«  a  • 
9 « « 
: Results of Duclaxxx • 

m  M  • 
• a  • " 

0.88 800 52 1.04 50.84 50.94 
•Acetic plus small | 
•amt. * 

0.91 800 48 1.13 51.02 51.075 
•Acetic plus large • 
.amt, propionic acid • 

0.89 800 44 0.45 50.57 50.41 
•Acetic plus large ] 
* ai;it. propionic acid| 

0.63 800 42 1.28 51.10 51.19 
jAcetic plus small . 
1 aint, propionic acid. 

0.V2 BOO 53 

O3.01 53.10 53.055 

• ! 
a  *  

e  •  

Acetic nlus trace • • 

0.96 850 53. 

O3.01 53.10 53.055 
1 of propionic acid j 
« • • • 
• * 

0.55 900 55.5 53.24 53.18 53.21 
; Acetic plus small : 
. arnt. propionic acid • 

3.70 850 57 52.0 51.99 51.995 
; Acetic plus trace * 
, of propionic acid : 

0.999 850 59.5 52.82 52.84 52.83 

» • 

3 Acetic plus trace ' 
: of propionic acid • 

a  J  

0.90 900 70 51.293 51.293 
iA,cetic plus trace * 
» of propionic acid ' 

0.945 950 52 52.68 52.68 

• ^ 

IAcetic plus small ,, ; 
• amt. propionic acid . 

0.89 950 40 52.34 • w w w  52.34 
^Acetic plus small 
lamt, propionic acid 

0.756 1000 26 51.98 51.98 
•Acetic plu.s trace s 
. of propionic acid ; 

0.81 1000 49.5 51.70 51.70 
Acetic plus large 
: arat, pi?oPionic acid 

0.89 1000 49 52.98 52.98 'Acetic plus small 
awt. proDionic acid 

i 0.89 1000 50 53.03 53.03 
! Acetic olua large ., 

aint. propionic acid 

0.80 1000 55 52.96 52.96 • Acetic pluce trace 
. of propionic acid 

0.96 900 54 !52,36 52.32 52.34 
Acetic plus small 

: amt. propionic acid 

1.02 900 58 ;52.11 52.08 52.095 Acetic olus trace., 
: of prooionlc acid 

1.02 800 60 ;52.44 52.52 52.40 
; Acetic pltis trace 
; of propionic acid 

1 
5 ' i  

\ 
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The naturally soured rav/ rnllk cultures produced higli volatile 

acidities. 'i'he volatile acids formed by ['.paracltrovorus in 

pasteurized milk were slightly higher. Butter cultures also 

yielded high volatile acidities. In gonoral, a longer period 

of incubation increased the volatile acidities, as is rnost 

strikingly shown in runs 5a to 5e. In runs 4a to 4c, the vol­

atile acidities decreased as the incubation period was in­

creased. llie bariurn and Duclaux values of the volatile acids 

secured from naturally soured milk indicated large amounts of 

propionic with quantities of acetic acid, while the values of 

the acids secured from S.paracitrovorus cultures indicated, 

primarily, acetic with a trace or a small amount of propionic 

acido The barixm and Duclaux values on the volatile acids 

secured from butter cultures, in the early stages of ripening 

indicated acetic plus large amounts of propionic acid; while 

as the ripening of the cultures advanced, the amount of acetic 

acid increased and the amount of propionic decreased. 

The residue, supposedly free from citric acid and 

volatile acid, v/hich was left in the flask after the steam dis 

tillation, v/as neutralized with calciiim carbonate, and after 

adding yeast, dipotassixDn hydrogen phosphate, and citric or 

lactic acids, it was sterilized in the autoclave. These ster 

ile media were inoculated v/ith associated organisms, incubated 

for some time at 21^0., and then steam distilled. 

The amounts of volatile acids obtained in the cult 
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tires, and the barium and Duclaux values on these acids, are 

given in table VI'II. The res\ilts recorded are in quite close 

agreement v/ith those obtained in tables V and VI. The addi­

tion of citric acid gave increased amounts of volatile acids, 

v/hile the addition of lactic acid, altliouoh it perinittod the 

grov;th of organlaias, as was shoTO by cultures on beef infusion 

agar slopes, did not sive appreciable increases. The aiaounts 

of w/l H2SO4 addod just before the distillation, to the cul­

tures contalninj;^ lactic acid_, had a direct bearing on the vol­

atile acidity obtained in the distillate, Kie addition of 

"N/1 HgSO^ in smaller quantities than the usual amount added, 

resulted in a corresponding decrease in the volatile acidity. 
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NOTE TO USERS 

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

LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL 
OVERLAPS 

This reproduction is the best copy available. 

UMJ" 
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TABLE VIII. 

Amounts and Types of Volatile Acids Formed In Fermentec 

v;ith Various Additions by Associatcc 

Desig­
nation 
of rim 

Chemical added 

;PinalI 1 
:Period:acid-. 
:lncu- ;lfcy Ice. of; cc.of 

Asaociatod ;bated, :aftlcuv-cttlt- ; w/l 
organisms - :iated;m-»o : r r  o q^ 
inoculated ! 2l"c.:.a3 ?! jdls-

; -lac, •tilled:addod 
: :acld • : 

cc 
w/: 
fo: 
11 
di 
la 

Desig­
nation 
of rim Kind 

AjnouTit 
in 

percent 

;PinalI 1 
:Period:acid-. 
:lncu- ;lfcy Ice. of; cc.of 

Asaociatod ;bated, :aftlcuv-cttlt- ; w/l 
organisms - :iated;m-»o : r r  o q^ 
inoculated ! 2l"c.:.a3 ?! jdls-

; -lac, •tilled:addod 
: :acld • : 

cc 
w/: 
fo: 
11 
di 
la 

1^ Lactic acid 0.6 
Cult. 2 plus ; 
Cult,16 plus .38 da, 900 50 

o.lactis 

1^ 
Lactic acid 
;:'opton 

"*'F. yeast 

00,4 
0,2 
18.0 

Cult. 2 plus 5 
Cult. 15 plus 5 21 " —— 1000 50 

.'..la.ctis ' 

1^ Lactic acid 
KpHPO. 

F.Ydast 

0,4 
0,2 
5.0 

• • 
Culture 1 =18 " 0,V3 800 40 

• 

1^^ 

Lactic acid 
pei^ton 
P.yeast 

KpflP04 

0,4 
0,3 
4,4 

• 
9 • 

Culture 3 I18 " 0,99 400 45 
• 
• 

le 
J .11 III !• 1 • 1 

Lactic acid 
P. yeast 

0,4 
2,0 

Cult, 1 plus „ _ Q. 
S. lactls 

2^ Citric acid : 0,4 
P. -yoast » 15,0 

«> • 
Culture 1 '.23 " 1,07 700 52 

gH Lactic acid 
P.venst 

Culture 2 :23 " 0.88 800 50 

3^ 
Lnctlc acid 
P, yeast 

0.6 
15,0 

• • 

Cult, 1 plus . 
S. lactls .26 " 0,81 600 50 

3° Lactic acid 
P. Yeast 

0,6 
15.0 

• 
Culture 15 :26 " 0,47 700 52 

4^ 
Lactic acid 
KgHPO,ĵ  

conc. vita? ;in B. 

0,5 
0,5 
2,0 

• 

Culture 1 [15 " 0,71 600 15 
o 

4^ 

' • • •  '  •  

Lactic acid ' 0.5 
KgllPO^ J 0,5 

powdered"yeast . 5,0 
Culture 2 S14 " 0,64 500 15 

• 

4° 

4^ 

Lactic acid 
KgH^Oi 

conc.vitarain B, 

J 0,5 
0«i 
1,6 

4. . • 
Culture 4 '-IS " 0,75 400 12 » 

» 

4° 

4^ Lactic acid 
KpHP04 

concrvitamin B-

0.5 
0.5 
1 .o 

• 

Culture 5 Jl5 " 0.82 700 20 

4® 
Lactlc acid 
KpHP04 
Powdered veast 

0.5 
0,5 
5.0 

• 

Culture 6 15 " 0.70 650 15 • 

4^-
Lactic acid 
K^HPO^ 

0,5 
O.R 

• 
f l n l  1 - . n T > / 3  < 7  * T  K  ' •  n  « K r i  T C  
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TABLE VIII. 

e Acids Formed in Formented l i l l k  (l-'ree fron Citric Acid) 

ous Additions by Associated Organisms. 

• Final 
'iod:aold-
!U- i ifcy 
;^cl, : Qal-cii 

:XatQd 
.^C.iaa % 

' lac. 
; acid 

cc. or 
cult-
Txro 
dis­
tilled 

•cc. of : 
oc. o f :W/ lO  a l l - : . :  

N/1 :for one : 
TT J liter : 

-distil- : 
o.cldod ; late ; 

barium in salt 

B AV, 
Duclaux values 

da, 900 50 24 
:49.01 48.93 49.01 Acetic plus trace 

of propionic acid 

1000 50 34 !49,76 49,57 49.6G5 Acetic plus small amt,Propionic acid 
-9-

"  n  r ;  0,73 000 40 26 •50,5 50,41 50,455 
Acetic plus smfill 
amt,propionic acid 

" 0,99 400 45 30 '19.99 50,01 50,0 
Acetic plus small 
amt,propionic acid 

" 0,84 900 50 23 *.40,03 47,93 47,98 
Acetic plus small 
amt.propionic acid 

" 1,07 700 52 :52,69 52,67 52.68 Acetic plus trace 
of p-pnn-lfnTl p. pn.lrl 

" 0,88 800 50 22 :50,05 49,74 49,895 Acetic plus small 
amt. propionic acic 

" 0.81 600 50 33 ..48,71 48,58 48,645 
Acetic plus small 
amt.propionic acid ^ 

" 0,47 700 52 16 ;50,78 50,78 
Acetic plus small 
arati,propionic acid 

" 0,71 600 15 12 .47.42 47.42 
Acetic plus largo 
amt.propionic acid 

" 0,64 500 15 14 149,32 49,32 
Acetic plus large 
amt.propionic acid 

" 0,75 400 12 12 •49,38 49,38 Acetic plus trace 
of propionic acid 

0,82 700 20 13 .49,56 49,41 49,485 
Acetic plus trace 

of propionic acid * 

" 0,70 650 15 14 •48,97 48.63 48.80 
Acetic plus small 
amt,propionic acid 

" 0,54 650 15 11 .48,4 48,05 48,22 
Acetic plus small 
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Lactic acid 
K,aiPO. 

Ti'.YSnst 

0,4 
0,2 
5.0 

Culture 1 18 " 0.73 000 40 

1^ 

Lactic acid 
pepton 
F.yeast 

Kr,ilP04 

0.4 
0,3 
4.4 Culture 3 18 " 0.99 400 45 

1° Lactic acid 
P. yeast 

0,4 
2,0 

Cult, 1 plus 
S. lactis IS " 0.84 900 50 

2^ Citric acid 
P. "venst 

0.4 
1(5.0 Culture 1 23 " 1.07 700 52 

3^ Lactic acid 
P.-V-fiMSt 18! f? 

Culture 2 23 " 0.88 800 50 

3^ 
Lactic acid 
P. 7/east 

0.6 
15,0 

Cult, 1 plxis 
S. lactis 26 " 0.81 600 50 

3° Lactic acid 
P. venst 

0.6 
15.0 

Culture 15 26 " 0.47 700 52 

4^ 
Lactic acid 

KglLPO^ 
conc. vita! :in B. 

0,5 
0,5 
2,0 

Culture 1 15 " 0,71 600 15 

4^ 
Lactic acid 

KgllPO^ 
powdered yeast 

; 0.5 
0.5 
5,0 

Culture 2 14 " 0,64 500 15 

4° 

4^ 

Lactic acid 

mm 
conc.vltaiviln B, 

0.5 
O.B 
1,6 

Culture 4 15 " 0.75 400 12 4° 

4^ 
Lactic acid 
KpHPOA 

concrvltamin B. 

0.5 
0.5 
1.0 

Culture 5 15 " 0,82 700 20 

4^ 
Lactic acid 
KplIP04 
Powdered veast 

0.5 
0,5 
5.0 

Culture 6 15 " 0,70 650 15 

4^'. 
Lactic acid 

iCgilPG^. 
Doxvdered yeast 

0.5 
0.5 
9 ^ 

Culture 7 15 " 0,54 650 15 

^ Lactic acid 
Kr,liPO,i, 

P.yeast 

0,5 
0.5 

I 25.0 
Culture B 15 " 0.46 600 50 

4^ 
lactic acid 
KpHPO. 
P.veasB 

0.5 
0.5 
25.0 

Cultiire 8 15 " 0.39 550 50 

•4^ 
Lactic acid 
KoHPO. 
P.'veait 

0.5 
0,5 
25.0 

Culture 10 15 " 0.38 600 50 

4^ 
Lactic acid 

KoIiPO. 
P.^veast 

0.5 
055 
25,0 

Culture 11 15 " 0.36 550 45 

' 5^ i None Rone 11 " 0.18 550 25 

' b 
i 5 

\ 

' P. yeast alon 
' added to 
".lOOOcc.dlat.IIg 
* and filtered 

25.0 

i'tone 9 " 0.077 1000 50 

p. stands for Plelsclmiami'a compressed yeast. 

Values obtained v;hen the entire one liter of distillate vms t 

from the value for 50 cc. 
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0.73 800 40 26 0,5 50.41 

" •• 

50.455; 
Acetic plus small • 
amt.propionic acid • 

M 0,99 400 45 30 9,99 50.01 50.0 I 
Acetic plus small . 
amt.propionic acid . 

U 0.84 900 50 23 8,03 47.93 47.98 ! 
Acetic plus STTiEll ; 
air.t.propionic acid | 

n 1.0? 700 52 83 2.69 52.67 

' a 

52.68 Acetic plus trace • 
of p-pnp-l r>n1 r- nnlrt ! 

If 0,88 800 50 22 0.05 49.74 49.895 Acetic plus small * 
amt. px^opionic acid' 

!» 0.81 GOO 50 33 8.71 48.58 48.645 
Acetic plus small 
amt.nroDionic acid I 

0.47 700 52 16 0.78 mm tm » 50,78 
Acetic plus amall ; 
ar.it.propionic acid : 

n 0.71 GOO 15 12 7.42 m 47.42 
Acetic plus largo ; 
amt.propionic acid . 

U 0.64 500 15 14 49,32 49.32 
Acetic plus large : 
aint.propionic acid : 

tl 0.75 400 12 12 49,38 49.38 Acetic plus trace ' 
of propionic acid • 

If 
!j 

0.82 700 20 13 49.56 49,41 49.485 
Acetic plus trace ' 

of propionic acid 

n 0.70 650 15 14 48.97 48.63 48.80 
Acetic plus smnll * 

arat.propionic acid ' 

t) 0.54 650 15 11 48.4 48.05 48.225 
Acetic plus small * 

amt.propionic acid : 

t 

1 " 0.46 600 50 28 49.03 48,79 48.91 
Acetic plus large • 
amt, propionic acid J 

1 0.39 550 50 21 49.50 49.62 49.56 Acetic plus small i 
arat.propionic acid * 

|ti 0.38 600 50 29 49.18 49.16 49.17 
Acetic pltis large '• 
arnt.propionic acid [ 

1" 
1 

0.36 550 45 26 49.14 49.27 49.205 
Acetic plus large ; 
amt.propionic acid ; 

li" 0.18 550 25 
-h-i-

5.1 — 

1" 
1 

0.077 1000 50 8.1 

i 
1 
I-1 
yeast. 

f 
1 

er of distill: ite vma titrated instead of calculating 
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The barium and Duclaux values on the volatile acida 

• •cured when citric acid \7a3 added to the fermented r;!ilk, in­

dicated acetic acid with a trace of propionic acid. The 

barima values on the \''olatile acids secured when lactic acid 

v/as added indicated, primax'ily, propionic acid with a small 

ariount, a trace, oi' no acetic acid. The Duclaux values did 

not always check with the percentages of barium obtained. 

Although enough checks v/ero unavailable because of contamina­

tion, nevertheless the data shov/ed in table VIII suggested 

that lactic acid v/as not a probable sovirce of volatile acids, 

and that either the yeasts used or the compounds present in the 

fermented milk, may have been sour-ces of volatile acids. 
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Results Obtained with Presh L'lllc, 

Since S. parucltrovorua is capable of producing a 

small amount of lactic acid from lactose in mllkj while 

o, cltrovorus is not (7), the volatile acids produced In ster­

ile fi-'cshljr drjiv/n milk by the latter type are presixi:;iably form­

ed from the citric acid normally present. It is difficult, 

however, "to drav; a sharp line of demarcation between the two 

types of organisras and yet, judging from their cultural cha:-

actor..stics in milk, it is possible to nalce a reasonably defi­

nite distinction betv/eexi themo 

Freshly drawn milk was aecixred from the College Dairy 

Farm, brought to the laboratory under careful conditions, and 

sterilized iniimediately, Tlae time elapsing between the milk­

ing and the beginning of the sterilization process never ex­

ceeded thirty minutes. '-ilie chemicals to be used were steril­

ized, as aqueous solutions, in small test tubes, then added to 

the inoculated milk cultures. The cultures were then Incuba­

ted for some time at 21°c. and then steam distilled. 

Tlie amounts of volatile acids produced in various 

cultures, and the barium and Duclaux values obtained on these 

acids, are given in table IX. 
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TABLE IX 

The Amounts and Tj'pes of Volatile Acids Formed in 
and 

Viflth Citric or Lactic Acid Added by Associated ( 

Desig-
natioii 
of run 

Chemical added 

* 

1 iFinal • : cc. of 
Associated; Period:acidity | eo, oft'N/lOalk, 
organisms ;iricu- ;calcula-** culturefor one 
inoculatedzbated :ted as * dis~ iliter of 

; at ;lactic 'tilled :dis-
;21° C.: acid • .tlllate 

— 

Desig-
natioii 
of run 

Kind 
Ainoiant 
in 

per cent 

* 

1 iFinal • : cc. of 
Associated; Period:acidity | eo, oft'N/lOalk, 
organisms ;iricu- ;calcula-** culturefor one 
inoculatedzbated :ted as * dis~ iliter of 

; at ;lactic 'tilled :dis-
;21° C.: acid • .tlllate 

— 

1^^ None Culture 1 12 da. 0.39 900 42 5 

r V Hone " " 14 " 0.35 900 76 

5 

r V 

a® Citric acid 0.3 " " 13 " 0.45 900 86 t * 
b 

Citric acid 0 • 0 " •' 18 " 0.35 900 99 r < 
a 

Lactic acid 0.4 ! " " 12 " 0«46 900 54 t « 

3' Lactic acid 0e4 " " 5-1/3' 0.58 900 62 t i 
a 
4 Mone Culture 2 12 " 0.41 90 .• 56 ( 

4^ None " " 14 " 0.42 900 63 t \ 

5^ Citric acid 0 . 3  " " 13 " 0.657 900 137 t 1 

5^ Citric acid 0.3 " " 18 " 4). 71 900 156 r % 
a 
6 Lactic B.cid 0 . 4  " " 12 " 0.594 900 66 { 

%. 

b 
G Lactic acid 0,4 " " 5-i/3" 0.67 900 67 c i. 

a 
7 Lactic acid 0 . 4  Culture 3 6 0.75 900 78 ( 1 

v" Citric acid 0,3 " " 18 " 0.69 950 177 r 

7° None 

Culture 1 

plus 27 " 0.315 950 69 
Cult-ure 3 

5 

•1-
a and b are different batches of milk which were run at differe; 
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TAiiLE IX 

Types of Volatile Acids Formed in Proah Milk Alone 
and 

r Lactic Acid Added by Associated Organisms. 

i'eriod 
Incu­
bated 

•Pinal 
:acidity 
!calcula-
:ted as 

: cc. of 
• ea. oftl^/lOalk. 
• culturefor one 
• dis- -liter of 

• 
• 

• 
• 

« 
« 

« 
• 

Per cent barium 

in salt 

a • 
• • 

• Results 
: of : 
* Duclaux. * 

at 
21° C. 

:lactic 
: acid 

'tilled 
« 

;dis-
. tillate 

• 

• 
• 

A B Av. 
« • 

: ? 

• 

L2 da. 0.39 900 42 

« 

• 
• 51.9 51,9 

;Acetic plus snail 
sajut.of orooionic 

L4 " 0.35 900 76 
• 

• 52.85 5d»05 52.94 
'• Acetic plus lar^e 
••.ar?t« nro oionic _. .. 

13 " 0.45 900 . 86 
• 
• 

» f32.97 52.95 52,96 
Acetic plus small 
! 3int.of p.r_o.oA.orLii; 

L8 " 0.35 900 99 
• « 
« 
a  52.41 52.49 52.45 

• 1  % Acetic plus small 
• avnt.'of oronionic 

CO
 

0.46 900 54 

• 0 
o 
• 53.08 53.17 53.125 

;Acetic plus trace 
: of oroDionic 

B-1/3 0.58 900 62 

• 
• 

e 
• 52.64 52.56 52.6 

! Acetic plus\glight 
;a'V!t.of prooionic 

1 

L2 " 0.41 90 ; 56 

• 
• 

V  
• 53.18 53.1 5.3.14 

' Acetic plus tr-ace 
:of prooionic 

L4 " 0.42 900 63 
• 

• 

52.89 52.74 52.815 
Acetic plus slight 
•omt.of propionic 

L3 " 0.657 900 137 

• 

• 
• 

« 
« 
53.36 53.35 53.355 

;Acetic plus trace 
• of propionic 

.8 " <D.71 900 156 
• 
• 

« 
• 53.16 53.11 53.135 

•Acetic pIuc trace 
; of propionic 

.2 " 0.594 900 66 

• 
« 

• 
« 53.55 53.55 

•Acetic plus trace 
of propionic 

•1/3" 0.67 900 67 

• 

• 
• 

* 
53.76 55.72 53.74 

!Acetic plus trace 
* of propionic 

6 ..." 0.75 900 78 
• 
• 

• 
• 52.89 52.75 52.82 

ilcetic plus slight 
; anit. of propionic 

.8 " 0.69 950 177 
• 
• 

« 
52.47 52.82 52.645 Acetic plus slight ;aint. of propionic 

0.315 950 69 

• 
* 

• 
• 

* m 
m 
• 
t 

53.04 52.97 53.005 

• 
* 

V.cetic plus trace « 
^of propionic 

• 

jof milk which v/ere run at different times, 

I 

i 
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Ilie addition of sterile citric acid to milk inocula­

ted v/ith associated organisms, alv/ays greatly increased the 

araoiiiits of volatile acids. Ihe addition of sterile lactic 

acid to p.. paraciti'ovorus (culture 2,3,) cultures did not ap­

preciably increase the volatile acid production, v/hile v/ith 

citrovorus (culture 1) it gave a marked increase in the 

aiiiount of volatile acid produced. The barium and Duclaux val­

ues on the volatile acids obtained from cultures with and v;lth-

oi^t the addition of citric or lactic acid, in all cases indica­

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 acid to the railk did not show any appreciable differ­

ence from those obtained when sterile citric acid \vas added. 

'i"he source of milk seemed to have a bearing upon the barivun 

values secured, since the same organism ( culture 1 or culture 

2 ) Inoculated into different batches of milk v/ithout added 

chemicals, produced types of volatile acids which differed 

slightly In their proportional malce-up. 

To secure further evideni^e as to the typos of acids 

formed from citric and lactic acids, a series of experiments 

were carried out on sterilized fresh milk, using a number of 

strains of associated organisms. Cultures of associated or­

ganisms were obtained from the research laboratory of the 

dairy bacteriology section of the lov/a Agricultural Experiment 

Station and, before being used, v/ere plated on beef infusion 
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a{Tar ( the plates "being incubated at 21°G. for at le; st 48 

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

Canisras, their characteristics in milk, and the flavor of the 

eultiAres secured v/hen they were corabinod v;ith 8. lactia are 

Given in table X. 

Flasks of milk , with and v;ithout chemicals added, 

were Inoculated with cultures of the associated organisms. 

The flasks were incubated at ',21°C. for ten da^^s, frequently 

cultiu'ed on beef infusion agar slopes to detect contamination, 

and then steaKi distilled. The first 25 cc. fraction of dis­

tillate from each cultiire was collected and tested for the 

presence of diacetyl, v;hile the i-emainder of the distillate 

was used for the preparation of bariuin salts. 

The amounts of volatile acids and diacetyl produced 

by various ciiltures, :ind the barium and Duclaux values obtained 

on these acids, are given in table XI. llie addition of 0.3 % 

sterile citric acid to the milk cultures always gave increased 

aiaounts of volatile acids. This increase was much greater 

v/ith cultures of .1. par-acitrovorus tVian with cultures of 

cltrovorus. Tloe addition of 0.^ % sterile citric acid, in 

tlie ma.jority 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 citric acid gave araounts of volatile acids lower than 

those obtained with 0.3 % due, presumably, to the inhibiting 
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TABLE X. 

Some of the Choracterlstics of the As.'jooiated 

Desig­

nation 

Ko, 

Isolated from 

{ 

"^cc. of K/Ioacld 

listilled from 250 cc. of 

Final 
acidity 
calcu­
lated 
as 
lactic 
acid 

4-+ 
CO.  of ll/lO i 
distilled f: 
1000 CC. . (  Desig­

nation 

Ko, 

Isolated from 

{ I.',ilk 

I ilk plus 

citric acid 

Final 
acidity 
calcu­
lated 
as 
lactic 
acid 

Hiiic ; • 
A • B ; 

• » 

Culture 

1 
Butter culture 
9-20-'29 

25,5 63.5 0.25 
• • 

39 : 40 ! 
:: 

• '"I 

2 Sour creeja 23.0 o o. 2 0.31 
' 

50 •' 50 ' • • 

3 ; Sour cream 23.8 43.6 0.42 4(3 • 47 • 
% ft 4 • 

• 4 Sour ci'eam 
11-27-'29 29.5 62.8 0.63 

<» • ® • 

78 : 82 ! 

5 Sour ere tun 
12-4-'g9 

25.1 70,8 0.21 18 ' : 11 ; • • 
• • • • 

6 Sour cream 28.0 57.5 0.23 
9 « 

18 ; 14 ; 
ft • • • 

7 Sour croam 
12-7-'29 

19.5 47.0 0.27 
: 

20 5 18 • 
; ; 

8 
*• 

« 

S(5ur cream * 
1-4-'30 ; 15,0 I 43.S 0.87 

: • 
; : 

m \ @8 ( 

9 
« 

Sour cream 
6-22-»30 24,2 ;88.1 0.47 

• 
53 48 i 

* 

: 10 
• • 

Sou-r cream 
7-13-'30 

18.5 69.7 
• • 

i t o  M. • ^ _ • « J 

•  4 f t  «  
• 
i SJL 
• • 

Soxir cream 
7-13-»30 

« • « • 
• # • • 

««• lu * mm • • • 
* 

i IS 
• • 

Butter 
a-21-«30  

0 .52  
> 

51 : 51 ^ 
1 

1 

• 13 • Sour cream • • • 0.28 
« a 

42 1 43 
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TABLE X. 

terist.ics of the Associated. Organisms Used-

of 

Ld 

Final 
acidity 
calcu­
lated 
as % 
lactic 
acid 

++ 
cc, of H/IO acid 
distilled from 
1000 cc,.of PoasilDle 

distinction 

Flavor of 
culture 
secured 
when 
corribined 
with 
F.. iactla 

of 

Ld 

Final 
acidity 
calcu­
lated 
as % 
lactic 
acid 

Milk 

A • B « 
• 

Kilk plus 
0,5 ';!> 

citric acid 

PoasilDle 

distinction 

Flavor of 
culture 
secured 
when 
corribined 
with 
F.. iactla 

0.25 
• 

39 . 40 S6 S, citrovorus Good 

0.31 

V > a 
50 •^ 50 « 4 

144 S« paracitrovorus Lacking 

0.42 46 ; 47 127 S, paracitrovorxia Lacking 

0,63 78 : 82 146 S. por:• c itrovorus Good 

0.21 IQ ' I 11 72 K, citrovorus Good 

0.2o 
« 

18 ; 14 74 S, citrovorus Good 

0.27 

• 

20 5 18 70 S. citrovorus Good 

O.g? 16 1 m 08 
Pftir to 

0,47 5S 48 126 
Fair to 

S .paracitr'ovorus good • 
• 

S. citrovorus Fair to 
good 

* 1 
• 
• 

« 

• 
• 

« 
• 

• 
• 

• 
« 

• 
• 

• 
V 

• 

• 

• 
t 

M MM M mm 
Pair to 
good 

* 1 
• 
• 

« 

• 
• 

« 
• 

• 
• 

• 
« 

• 
• 

• 
V 

• 

• 

• 
t 

I 
1 ii 
1 

0.52 51 61 151 S. paracitrovor-us Fair to 
good 

* 1 
• 
• 

« 

• 
• 

« 
• 

• 
• 

• 
« 

• 
• 

• 
V 

• 

• 

• 
t 

• 0.28 42 43 73 S, paracitrovorus Good 

* 1 
• 
• 

« 

• 
• 

« 
• 

• 
• 

• 
« 

• 
• 

• 
V 

• 

• 

• 
t 
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• • 
• ? • 

•- J 

3 1 
• 

Sour crcam 23,8 • 
• 

43,6 0,42 

• t 

4G ; 47 ; 

a • 

4 
« 

Sour cream : 
11-27"'29 : 29,5 62,8 0.63 

9 • 0 * 

78 i 82 : 

5 
: 

Sour crocun • 25.1 
12-4-'29 

70,8 0.21 18 , 11 . » • 
• • « • 

6 

• • 
T'Our croara • 28,0 

* 
57,5 0.23 

a t 
« • 

18 ; 14 : 
» • • • 

7 

• 
• 

^Qur croaLi I 19.5 
12-7-'29 ! 

47.0 0.27 

« « « « 
20 • 18 • 

; : 

8 
"i 

« 
« 

S^ur cream ^ 
1-4-'30 ; 15.0 ? 43.S 0.87 

o • 
: 

m ; m I 

9 
« 

Sour cream 
6-22-»50 : 24.2 ;88.1 0.47 

• 
S3 48 *; 

• « 
; 10 
• 
» 

• 
t 

Sour cream : 18,5 
7-13-'30 

69.7 

• 
• 

« mmmm , 

• * • • 
• 
: 11 
• • 

• • 
Sour cream : 
7"13-'30 ; —— .... M 

« • • • 
• • 

t> • 

»• • • • 
k 

3L2 
• • 

• • 
iiutter : 
8-21-'30 : 

0.52 
• • 

51 : 51 
' • A 

• 
• 13 • • 

Sour cream ' 
52-31-'30 • 

0.28 
« « 

42 i 43 : « « • • 
• • 

: 14 « 
9 
• 

» 

Sour cream 
12-31-'30 : 

0,45 44 ! M 9 * 
« « 

15 
« • 

• • 
Sour creaia : 26.6 

• 
52.0 

• • « • 
• "* • 
• « • • 

• • 
: 16 
* 

• • 
••>^ur cream : • 26,6 

• • 
54.3 

• • • • 

• « • * 

\ 12 

• 

• 

• « 
» « • i • 
« 

: . • • 

These titration values were obtained irmnedigtely after the is^ 
inoculated in sterile milk, incubated at 21 C. for 7 da^/^a, 25i 
the addition of 15 cc. H/1 ; tlie first liter of distill, 
and the results expressed as"the volatile acid values. 

"^'""These values were secured with the usual method abotit one or 
isolation of the organisms. 
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5 • • 

0.42 4(3 : 47 
« 

127 * S. paracitro^'orxis 
« 

Lacking 

0.63 

9 

78 : 82 

« 

« » 
• 

146 *. S. poracltrovorus Good 

0.21 18 ' J 11 
• 

» 

72 * H. citrovorus 
9 

• • 

Good 

0.25 
a 

18 : 14 
• • 

74 ; S. citrovorus 
• • 

Good 

0.S7 

« 

20 18 

• 
* 

70 ' S. citrovorxis 
A • 

Good 

Q , m  m  I  m  

* 

• 
* 

? 8» §i:ts'§v©i»u@ 
PAir to 

0.47 55 48 
Fair to 

126 • S.paracitrovorus good • • 

— 

mm uw 

• • 
•—• : S. citrovorus Fair to 

good 
— 

M» «• Ma 

• 
«•* «>  ̂ *** "• 

• 
: : Fair to 
: — ; . good 

0.52 51 i 51 
' 0 • 

• • 
9 a 

151 : S. paracltrovorus : Pair to 
: : good 

0.28 42 : 43 « 
* 

• 

• • 
73 • p.. paracltrovorus ' Good • • • • 

• • 

i 
0,45 44 : M * 

• • 

142 . S. paracltrovorus i Good • • 

• 1 

1 • 
» 

M • MM • 
• • 

» • • • 
; S. paracltrovor\is • Lacking 
« ft • • 

1 • • 

• • 

9 • 
• • 

; : S. paracltrovorus : Fair to 
. ; : lacking 

-r 

1 
- - -

» 
• • 
1  

• * 
• 
' 5, paracltrovorus :  ; 
» • • • 

f :4 /I 

|0cl inline dig tely after the isolation of organisms which were 
kted at 21 C. for 7 da^/a, 250 cc. ateani distilled following 
I the first liter of distillate was titrated vi'ith N/10 WaOH, 
|olatile acid values. 

R 
i usual method about one or two years after the 
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efi'oct on the hl^ii total acidity, 'fhe addition of 0.5 % 

sterile lactic acid to S, citrovorus cultures gave Increased 

amounts of volatile acidity, while with S. paracltrcvorua cul­

tures the increusc was not appreciable. 'Bie addition of 0.6/2 

sterile lactic acid had about the sanie general inhibiting 

effect as an equal amount of citric acid. The addition of 

sterile sulfuric, phosphoric, or tartaric acid to the luilk 

cui turoR increased the aisiount of volatile acids in almost the 

same manner as sterile lactic acid, 

Kone of the associated organiaiua produced dlacet^/l in 

milk alone, and only a few were capable of producing It 

v;hen non-volatile or,';;anic or inorgcnic acids were added to the 

rnilk. The amount of diacetyl produced varied, hov;ever, with 

the amount and kind of organic or Inorganic acid added, and 

v/ith the strains of associated organisms inoculated. The 

addition of sterile citric acid to O'xltxires capable of produc­

ing diacetyl, alv/a^/s caused greater increases in the amounts 

of diacetyl produced than other chemicals. The increased 

volatile acldltiep in cultures to which amounts of sterile or­

ganic or inorgaxiic acid other than citric acid had been added, 

was not directly proportional to the amounts of diacetyl pro-

duceda the addition of 0,5 % sterile lactic, tartaric,or 

phosphoric, or 0,2 sulfuric acid to cultures, usually/ gave 

almost the same aanounts of volatile acids as 0,6 % or 0,4 %, 

respectively.-, of these acidsj but tlie larger amoxmts caused 
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TABLE XI. 

Amounts and Types of Volatile Acids Formed 
and 

with Chemicals Added by Various Cultures of A 

Desig~ 
nation 
of run 

Chemical added 
Associated 

organisms 
inoculated 

Pinal 
acidity 
calcu­
lated 
as /o 
lactic 
acid ; 

} 

cc. of 
cul­
ture 
dis­
tilled 

SO. Of 
W/10 alk. 
for ono 
liter 
of dis­
tillate 

Diacetyl 

)roduced 
in 95 cc, 

listillat 

Desig~ 
nation 
of run 

„, , 'Amount 
Kind : ^ 

Associated 

organisms 
inoculated 

Pinal 
acidity 
calcu­
lated 
as /o 
lactic 
acid ; 

} 

cc. of 
cul­
ture 
dis­
tilled 

SO. Of 
W/10 alk. 
for ono 
liter 
of dis­
tillate 

Diacetyl 

)roduced 
in 95 cc, 

listillat 

•a Kone ' •—-
• o 

Culture 1 
1 

0.S5 : 1000 39 llOXXQ 

lb Hone M •» II 11 0.245 1000 40 II 

56 a Kono f " " 
; 

0,3S 1000 42 n 

56 b Kone ? Si tl 

f 
0.32 1000 42 11 

2 a Citric 
ncid 

y 

0.3 ; " 0.42 1000 86 Small 
amount 

S b . Citric 
acid 

f 

0.3 1 " 
• 

0.42 950 82 Small 
amoxint 

3 a Lactic 
acid 

0.3 ' JJ tl 
• 0.53 1000 64 

Very 
slignt 
aiBount 

3 b Lactic 
acid 

0.3 i( t; 0.54 1000 59 
Very 
slight 
amount 

44 a Lactic 
acid 

0,6 *1 « 0.71 1000 50 
Very 
small 
amount 

t 44 l3 
• 
» 

Lactic 
acid 

0.6 II 11 0.68 950 52 Trace 

• 
• 
• 

I 44 0 • 
• 
» 

Lactic 
acid 
Citric 
acid 

• 

0.3 

0.3 

• 

U t) 

» 

0.66 950 as 
i-niall 
amount 

• 1 IB •••IBIIII IIBI 
* 

• 56 c • • 
Cone. 
H,-,S04 

0.2 » It 0.58 1000 57 Trace 

* 

: 56 d • 
Cone. 
H„SO. 0.4 M 1! 

« 
0.85 1000 58 Small 
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TABLE XI. 

E" Volatile Acids Porirted in Fresh f'ilk Alone 
and 

Dy Various Cultures of Associated Organisms. 

. of 

3 

Led ! 

00. Off 
W/lO alk, 
for one 
liter 
of dis­
tillate 

* 

Diacetyl ^ 

produced 
in 25 cc.of 

distillate 

% .bar 

A 

'ium in salt 

% 

B ; Av, 

Results of Duclaux ] 

1 
O
 

O
 i 

! 
/-

XI 

59 

40 

i^ono 

t» 
52.74 

• 

52,79 

• c 

o2,7G5 

\ 
• • 

Acetic ijliis small 
amount of propionic ^ 

i 

30 42 II 

53.13 53,145 Acetic plus trace : 
of propiODic :  30 42 

1 
(I 53»10 53.13 53,145 Acetic plus trace : 

of propiODic :  

30 86 •'•Small 
amount 

53,23 53,18 53,205 Acetic plus brace j 
of propionic ! 50 82 Small 

amount 

53,23 53,18 53,205 Acetic plus brace j 
of propionic ! 

)0 64 
Very 

alight 
ainount 

52,82 

' •  ' {  

52,78 52,80 •Acetic plus trace • 
of propionic ; )0 59 

Very 
slight 
amo\mt 

52,82 

' •  ' {  

52,78 52,80 •Acetic plus trace • 
of propionic ; 

)0 50 
Very 
small 
Qmoimt 

53,01 52,99 53,0 
Acetic plus small 

amount of propionic [ 
>0 • 52 

J 
• 4 

Trace 

t 

53,01 52,99 53,0 
Acetic plus small 

amount of propionic [ 

lO es 
:-,inall 
amount 53.04 53,03 53,035 Acetic plus trace 

of propionic 

F 
10 57 Trace 

53.48 53,31 53.395 

• 

Acetic plus trace 

of propionic 
» • 10 58 Small 

amount 

53.48 53,31 53.395 

• 

Acetic plus trace 

of propionic 
» • 
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56 b ! • None ? 

""" f 
w tl : 

• • 0,32 
1000 42 • It 

« 

2 a ; 
• 
Citric 
no id 

0,3 \ It 

• • 

0,42 1000 86 ^Small 
amount 

2 b Citric 
acid 

' •••-—? 

0,3 1 
f  

• 

u It 0.42 950 82 Small 
amount 

3 a Lactic 
acid 

5 
0,3 !I tt 

« 

0,53 1000 64 
Very 
slight 
amount 

3 b Lactic 
acid 

0,3 11 M 0,54 1000 59 
Very 
alight 
arnount 

44 a Lactic 
acid 

0,6 t l  0.71 1000 50 
Very 
small 
amount 

{ 44 b Lactic 
acid 

0,6 \ l  0,68 950 52 Trace 

! 44 c 

Lactic 
acid 
Citric 
acid 

0,3 

0.3 

tj n 0.66 950 as 
Small 
amount 

] 56 c Cone, 
HpS04 

0,2 If w 0,58 1000 57 

\ 

Trace 

: 56 d 
Cone, 

0,4 tl i t  0,85 1000 58 Small 
amount 

; 56 e H3P04 0,3 tf t )  0,72 1000 54 None 

1 56 f H3P04 0,6 It u  1.16 1000 60 
Slight 
amount 

I 56 g 
Tartaric 
acid 0 0 0" ft 11 0,49 1000 54 i>Ionc 

; 56 h 
Tartaric 
acid 0,6 

• 
« 

" • 
• 

tt 0,64 1000 60 
Small 
amount 

: 39 None 
0  • 
; None 0,185 1050 2 5 Y i o n e  

: 40 
Citric 
acid 
Lactic 
acid 

0.5 

0.3 

; ^"^one 

I 
0,82 1000 5 : Hone 

Comparative grading of the amounts from a trace to a fa 

la given in "Methods" on page 18. 
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000 42 ; 
p 

U 
53.16 ; 53.13 53,145 Acetic plus trace : 

of propioric : 

000 86 •^8mall 
anovuat 

53.20 a 53,18 53.205 Acetic plus trace ! 
of propionic ! 950 82 Small 

aiiiount 

53.20 a 53,18 53.205 Acetic plus trace ! 
of propionic ! 

.000 G4 
Very 
slight 
amount 

52.82 

f 

52.78 52,80 Acetic plus trace 
of propionic : 

.000 59 
Very 
alight 
aoiount 

52.82 

f 

52.78 52,80 Acetic plus trace 
of propionic : 

.000 

I 

50 
Very 
small 
aiiiount 

53,01 52,99 53.0 
Acetic plus small : 

amount of propionic I 
950 52 Trace 

53,01 52,99 53.0 
Acetic plus small : 

amount of propionic I 

950 8S 
;'mall 
amoxmt 53,04 53.03 53.035 j-icetic plus trace 

of propionic 

.000 57 

r-""""—" 

Trace 

53.48 53.31 53.395 
Acetic plus trace 
of propionic 

.000 58 Small 
amoimt 

53.48 53.31 53.395 
Acetic plus trace 
of propionic 

LOOO 54 None 

53.20 53.04 53,12 
Acetic plus trace 

of propionic 
[ooo 

1 
60 

Slight 
ainount 

53.20 53.04 53,12 
Acetic plus trace 

of propionic 

i. 

[ooo 54 Hone 

53.58 53.56 53.57 
: 

Acetic plus trace 

of propionic 
[ooo 60 

Small 
amount 

53.58 53.56 53.57 
: 

Acetic plus trace 

of propionic 

|050 2 ' Kone 
; 

1 
|000 5 ! Wone 

; 

mts from a trace to a fairly large quantity 

Dds" on page 18. 

i  
I 
i  
1 
I 
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T/'. -.LV; XI (continue 

Ariaimts mid 'I^/pes of Volatllo Acids Formed in i 
and 

with Choffiicala Addod l)y Varioita Cultm-os of Ass 

•)0sig-: 
nution| 
of runj 

Ch©miCGl ftd 

K i.nd 

• • 
« 

lad ;:/i3 30Clat0a 
• 
« 

•' ' " .organisms 
, 5 inoculnted 

^'ovtat . 
* 

in : 

'/'inal ; 
ROidity: cc. of 
calc\z- : oul-
lated : fare 
a£5 ; dis-' 
lactic :tilled 
acid s 

« 
• 

oc, of ; Diacetyl 
3/10 nlk,; yjj^oduced 
ior one : ' 
liter cc.c 
of dls- :ci;lstlllate 
tillato : 

a b 

I'^one 

* 

• 
jCulture 4 0.63 ; 900 

o.ea I 1000 
J 

<' 

• 

78 : !;one 
« 

a b I'ionc? 

U.WUi^ J.-

*** • ^ 

• 

0.63 ; 900 

o.ea I 1000 
J 

a 

82 t 
« 

5 a Citric 
aoid * 

0^91 1000 146 I I«one 
* 

o b Citric 
acid 

0.3 : 
• 

0,82 950 173 5 Kono 

* 
I 

6 a :  L a c t i c  
; acid 

» 

0,3 : 
• 

0,02 950 75 ; Kone 
« 

6 b 

• 

; Lactic 
J 

0.3 1 "• '' 
1 
« 

O.BS 1000 

• 

74 ; Hone * 

57 a 
Gone* 
ligSO^ 

• 

0.2 1 " " 
« 

0.89 950 
• 

80 ^ None 
f 

57 b i 

• 

0,4 i " 0.95 XOOO : None 

57 c 

*. 57 d 

¥ 

: H^FO^ 

; H3PO4 

0,3 ; " " 

0,6 i " 

• 

• 0 • 95 

! 1.25 

• 950 
I 

\ 
! 100.0 

V 
* 

; 66 ° None 

70 : None • 
• 

57 e : Tartaric 
; acid 

• 
0.3 J " " 

« 
: 0.75 950 

» 

76 : None 
• 

j 57 f • Tartaric 
• acid 
t. . 1. 

t • 
0.6 •• » » 

• 

1 0.79 ] 950 

• • 
71 • Hone • • 
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XX (continued) 

/olatlle Adds Formed in Froah t'llk Alono 

and 
ly Various CulturoB of Aasociated OrganisEis. 

of 
ll-
iro 
J.3-
llod. 

oc, of 
N/IO nlk, 
for one 
liter 
or dis­
tillate 

PlacGtyl 

produced 

f-U3 cc.of 

distillate 

barium in salt 

Results of Duclaux 

of 
ll-
iro 
J.3-
llod. 

oc, of 
N/IO nlk, 
for one 
liter 
or dis­
tillate 

PlacGtyl 

produced 

f-U3 cc.of 

distillate A 13 Av c 

Results of Duclaux 

300 

300 

VB ?:one 

te«18 53.19 5:5.186 
Acetic plus trace 

of propionic 

300 

300 82 i'oriG 
te«18 53.19 5:5.186 

Acetic plus trace 

of propionic 

300 14G i«one 

53. 4e 53.41 53.435 
Acetic plu3 traco 

of propionic 550 173 IJoriG 
53. 4e 53.41 53.435 

Acetic plu3 traco 

of propionic 

550 75 Hone 

55.03 53.08 53.055 

Aoetlc plus trace 

of propionic 

300 74 11 one 

55.03 53.08 53.055 

Aoetlc plus trace 

of propionic 

350 80 None 

53.76 53,80 53.78 
Acetic plus trace 

of propionic 
300 68 ^^one 

53.76 53,80 53.78 
Acetic plus trace 

of propionic 

1 
? 
{ 

30b 

66 

70 

• Hone 

None 

53 .,4 5 53.52 53.485 
Acetic plus trace 

of propionic 

^ \ 

bo 
\ 

76 None 

53.67 53,67 
H • 

53.67 

Acetic plus trace 

of propionic 
350 71 Mono 

53.67 53,67 
H • 

53.67 

Acetic plus trace 

of propionic 
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Kind 
t ^ Jinooulntod;/^®. ? 
. Ar'ount . .lacti-ie :fcl.lloci 
: ;5.ii : : acid ? 

liter 
of dis- :ciistillat 
tillato : 

-J-

4 = •, i 

• • • . * 

: ; ; ' J 
I'^one . — .Culture 4 0.G3 •. 900 ; 

• • 
7B : I'one 

« 

<1 b 5 !iom> : — : "• A : o.aa \ looo • f  « 
; . ; .• ' . . 

S2 \ Mono 
« 

5 a * 
• • «• 1 

Citric • ' : 0^91 ! 1000 
acid 1 : : * 

146 ' lione • 
• 

o b * 
4 • • • 

Citric *; 0.3 : 0,82 • 950 
acid ; : : • 

173 : I?onQ 

t 
6 a 

» • 
* k A ^ « 

Lactic i 0.3 ; " •' ! 0,B2 : 950 
acid . ' I 5 

75 ; Hone 

6 b 
: : 

Lactic I 0.3 : '' ; 0.08 ; 1000 
acid 5 ; : I 

« 

74 ] Hone 

57 a u^Sn* ' ' " " ' • ®50 ; ; 
80 None 

57 b 

' ' * » 

Gonca : u 1 0.95 : lOOO-
HoSOA : : • : 

• 
« 

: Hone 

57 c 

57 d 

• « 
i 0,3 «! '' 

H„PO. I 0-6 1 " " 0 4 • • 
8 « 

' . 

i 0,95 ' 95|> 

1.25 .* lOOb 

; GG ° lione 

70 1 Ion© • 
• 

: 57 e 
• • 

Tartaric i 0.3 : " " 
acid : 

0.75 i 950 
« 
« 

76 • l^Ione 
• 
» 

; 57 f 

a •  • • 
Tartaric *5.6 • " " 
acid ' ' 

« • 
0.79 : 950 

• • 
71 • l^'one • • 

i 19 
• • • • 
I Hone ! ! None • • « 
• • • 

0.21 : 1000 • 
• 

• 
+ • 

3.2 1 None • 
• 

i 20 Citric I ' 
: acid : 0.3 : None • « . • 

• 
» 

0.56 ; 1000 

« • 
+ . 

4.9 • i;one 

: 

• • • • • • 

I i^actic ; 0.3 * Hone 
: acid : : 
• • « 

• 
% 

0.51 = 1000 • 
• 

• • 
• 

« • 
^ • 

5.4 • None • • 
• 
• 

• 

values obtained when the entire one liter of distillate was ti1 

of calculating from the value for 50 cc« 
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; 
3ci : 

litor 
of dls-
tillQto 

n P.5 cc.of 

istlllato A B Av. 

ResultB of iJuclaux j 

) 78 y.'one 

OtJelS 53.19 53.185 
Acetic pl\ia trace ; 

of propionic ; ) 8H Vox\<3 

OtJelS 53.19 53.185 
Acetic pl\ia trace ; 

of propionic ; 

) 14G iiorie 

53.46 53.41 53,435 
Acetic plus trace \ 

of propionic • ) 173 i:oiiQ 
53.46 53.41 53,435 

Acetic plus trace \ 

of propionic • 

) 75 none 

5i> • 03 53,08 

.1.1111 1 .,iir 1 

53,055 

ftoetl® plus trace ; 

of propionic : 

) 

) 

74 

80 

11 one 

5i> • 03 53,08 

.1.1111 1 .,iir 1 

53,055 

ftoetl® plus trace ; 

of propionic : 

) 

) 

74 

80 None 

53.76 53,80 53.78 
i\cetlc plus trace \ 

of propionic : 
) SB 5^one 

53.76 53,80 53.78 
i\cetlc plus trace \ 

of propionic : 

3 

1 

; GG 

70 

Jione 

None 

53 ,.46 
•  
•  

•  

53.52 53,405 
Acetic plus trace 

of propionic 

3 

1 76 Hone 
•  
« 

« 
• 

53.67 
•  
•  

•  
•  

53.67 53.67 

Acetic plus trace 

of propionic 

3 

1 

) 71 11 one 

•  
« 

« 
• 

53.67 
•  
•  

•  
•  

53.67 53.67 

Acetic plus trace 

of propionic 

) 
+ 

3.2 None 

•J 

•  
•  

• 
•  

t 
-A. 

• 
* 

•  
a 

• 
_ •  

1 . 

•: 

) 
t 

+ 
4.9 I'.one 

•J 

•  
•  

• 
•  

t 
-A. 

• 
* 

•  
a 

• 
_ •  

1 . 

•: 

4 

1 

+ 
5.4 

•  
« 

None ' 
« 
•  

• 

;— 

1 . 

•: 

of distillate v;as titrated instead 

ir 50 cco 
'I 
i 
\ 
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TABLE XI (continu-

Amounts and ^ypea of Volatile Acids Formed in 
and 

with Chemicals Added hy Various Cultures of A 

Desig­
nation 
of run 

Chemical added 

— 

Associated 

organisms 

inoculated 

Final 
acidity 
calcula 
ted 
as % 
lactic 
adiifl 

60. of 
cul­
ture 
dis­
tilled 

oc. of 
VlO alk. 
for one 
liter 

of dis­
tillate 

Diacetyl 

produced 

in 25 cc. 

dxstillat 

Desig­
nation 
of run 

Kind Amount 
in 

— 

Associated 

organisms 

inoculated 

Final 
acidity 
calcula 
ted 
as % 
lactic 
adiifl 

60. of 
cul­
ture 
dis­
tilled 

oc. of 
VlO alk. 
for one 
liter 

of dis­
tillate 

Diacetyl 

produced 

in 25 cc. 

dxstillat 

7 a None 
: 
:Culture 5 
* •  

0.2 1000 18 IJone 

7 b K one 
* 

! " " 
• • 

0,21 1000 11 Jione 

42 a None 

t 

! .. • 0.26 550 12 Kone 

42 b None " • 
• • 

0.25 1000 13 None 

58 a None 

m m 

" " " 

9 m 
0.23 1000 15 None 

58 b I'lone 

* 

? " n 
•  • 0.25 1000 18 None 

8 a Citric 
acid 

0.5 •! 
• 
* 

0.47 1000 72 Large 
amount 

8 b Citric 
acid 

• 

0.3 : " " 
• 

0.47 1000 68 large 
ainoimt 

9  a  Lactic 
acid 

• • 

0^3  •  "  "  •  0 . 54  950  

1000 

60  

60 

i  Hone 
• 

None 9 b Lactic 
acid 

0 .3  :  "  "  
•  
•  

0.51 

950  

1000 

60  

60 

i  Hone 
• 

None 

43 a Lactic 
'acid 

• 

0.6 ; " " 
• •  

0.675 900 55 Kone 

43 b Lactic 

• 

0.6 " " 0.685 1000 60 ! None 
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TABLE XI (continued) 
! 

olatlle Acids Porraed in Fresh Milk Alone 
and 

y Various Cultures of Associated Organisms, 

of 
mm 

e 
9m 

ed 

cc. of 
N/10 alk. 
for one 
liter 

of dis­
tillate 

J)iacetyl 

produced 

in 25 cc.of 

diatillate 

% "bariuin in salt 

Results of Duclaujc : 

of 
mm 

e 
9m 

ed 

cc. of 
N/10 alk. 
for one 
liter 

of dis­
tillate 

J)iacetyl 

produced 

in 25 cc.of 

diatillate A B AV. 

Results of Duclaujc : 

0 18 Hone 

51.44 51.46 51.45 
Acetic pluJ5 trace 

of propionic | 0 11 iione 

51.44 51.46 51.45 
Acetic pluJ5 trace 

of propionic | 

.0 12 I^one 

I t 1 { 
! 

1 I 1 1 1 1 

to 13 Kone 

I t 1 { 
! 

1 I 1 1 1 1 

0 15 K one 

1 

0 18 None 

1 

)0 72 Large 
amount 

53.32 52.90 53.11 
Acetic plus trace : 

of propionic • 

L : 
>0 68 Large 

amount 

53.32 52.90 53.11 
Acetic plus trace : 

of propionic • 

L : 

3 60 1 Hone 
1 

53,28 53.35 55.315 

• * t> 9 

Acetic pxus "crace * 

of propionic )0 60 None 

53,28 53.35 55.315 

• * t> 9 

Acetic pxus "crace * 

of propionic 

h 55 None 

53.55 53.44 53.495 

Acetic plus trace 

of propionic 
)0 60 None 

53.55 53.44 53.495 

Acetic plus trace 

of propionic 
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i CL i one : — , • 
<• 

0,S6 550 12 None 

42 h None : 
» 

I ^ " 
f 

J 
0.25 1000 13 None 

58 a None 

« • 

• <• 
0.23 1000 15 None 

58 b I'lone I » » n 
• 
* 

0.25 1000 18 None 

8 a Citric 
acid 

0,3 •; " " 
• 

0,4 V 1000 72 Large 
air.oxmt 

8 b Cltr3.c 
acid 

• 

0,3 ; •' " 
• • 

0,47 1000 68 Large 
ainoimt 

9 a Lactic 
acid 

• • 

0^3 ' " " • 0.54 950 5 60 Hone 

9 b Lactic 
acid 

• 

0,3 : " " • 
• 

0.51 1000 GO None 

43 a Lactic 
'acid 

« 

0.6 ; " " 
• 

0.675 900 55 None 

43 b Lactic 
acid 

• • 
0.6 : " " • 

« 

0.685 1000" 60 None 

43 c 

Lactic 
acid 

Citric 
acid 

• 
• 9 

0 ,3* II ij • • 
0.3 : 

0.72 1000 98 
Large 

anioimt 

58 0 Cone. 
H2SO4 

0.2 i " " 
• 

0.6 1000 57 None 

58 d Gone. 
HpS04 

* 

0.4 5 " " 
• • 

0,84 1000 55 Slight 
amount 

58 e 

« 

0.3 : " " 0.75 1000 51 None 

58 f 
» 

0.6 : " " 
• 

1.21 1000 58 
Very 
slight 
aino\mt 

61 a None 

• 
* 

' None • • 
0.19 1000 1.1"^ None 

61 b Kone 

B 
• None • • 

6,19 1000 
+ 

1.6 None 

+ 
Values obtained when the entire one liter of distillate vis. 

calculating from the value for 50 cc. 
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50 12 None 
mtrnrnm 

DO 13 None 

mtrnrnm 

30 15 None 

---

30 18 None 

---

)0 72 Large 
amount 

53.32 52.90 53.11 
Acetic plus trace 

of propionic 
)0 68 Le.rge 

amoxmt 

53.32 52.90 53.11 
Acetic plus trace 

of propionic 

0 60 iione 

53.28 53.35 53.315 
Acetic plus trace 

of propionic 30 GO J>Ione 
53.28 53.35 53.315 

Acetic plus trace 

of propionic 

bo 55 i^'one 

55.55 53.44 53.495 

Acetic plus trace 

of propionic 
DO 50 None 

55.55 53.44 53.495 

Acetic plus trace 

of propionic 

1 
1  

I 
i 

)0 98 
Large 

amoimt 
53,57 53.58 53.575 

Acetic plus trace 

of propionic 1 
1  

I 
i 
)0 57 None 

53.65 53.59 53.62 
Acetic plus trace 

of propionic 

1 
1  

I 
i 

DO 55 Slight 
araount 

53.65 53.59 53.62 
Acetic plus trace 

of propionic 

1 
1  

I 
i 

DO 51 None 

53.32 53,45 53.385 
Acetic plus trace 

of pro-oionic 
DO 58 

Very 
slight 
amount 

53.32 53,45 53.385 
Acetic plus trace 

of pro-oionic 

DO 1.1 Mone 

DO 
+ 

1.6 None 

e liter of distillate was titrated instead of 

50 cc. 
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I 

TABLlu XI (continued' 

Amounts and Types of Volatile Acids Formed in ! 
and 

with Chemicals Added by Various Cultures of As 

Desig­
nation 
of run 

Cherriical added Associated 

ORGAKIRKs 

Pinal 
iciflity 
calcu­
lated 

CG.of 
cul­
ture 
dis­
tilled 

cc. of 
:/lO alk. 
for one 
liter 
of dis­
tillate 

Diacetyl 
produced 

Desig­
nation 
of run 

Kind iv'-ioxint 
in 

inoculated as /G 
.actic 
acid 

CG.of 
cul­
ture 
dis­
tilled 

cc. of 
:/lO alk. 
for one 
liter 
of dis­
tillate 

n 25 cc.o: 

iatillate 

16 a rjono Culturo 6 0.23 1000 18 fjone 

16 b "one W tl :: 0.23 1000 14 'lone 

45 J i'lone 
t i  

1 

11 I I  0.22 1000 10 Rone 

59 a I'one I I  I I  0 ,22 1000 16 Hone 

59 1) vione M I I  0.22 1000 13 None 

17 
J 

Citric 
acid 

0.  c!)  
!l I t  0.54 1000 74 Drnall 

amomt 

18 Lactic 
acid 0»3 M I I  0.52 1000 58 None 

46 a Lactic 
acid 

O.G I I  I t  0» 65 1000 44 
Very 
small 
amoiint 

1 ' 46 b 
Lactic 
acid 0.6 I t  11 0.62 1000 46 slight 

oinoimt 

; 59 c 
Cone. 

0.2 t t  t l  0.56 1000 42 
slight 
amount 

1 59 d 
Cone. 
HgS04 0.4 I I  11 0.76 1000 57 Small ^ 

amount 

• Rfl ft H„pn. ! 0.3 I I  I t  0.71 1000 44 alight 
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TABLE XI (continued) 

3 of Volatile Acids Formed in Preah f,;ilk Alone 
and 

dded hy Vario-aa Gulturoa of Associated Organisms. 

cc,of 
cul-
tui'e 
dis­
tilled 

cc, of 
:/l0 al]c. 
for one 
liter 
of dis­
tillate 

Di acetyl 
produced 

In 25 cc.of 

listillat© 

fh barium in salt 

Results of I>aclaux 

• 
• 

« 

cc,of 
cul-
tui'e 
dis­
tilled 

cc, of 
:/l0 al]c. 
for one 
liter 
of dis­
tillate 

Di acetyl 
produced 

In 25 cc.of 

listillat© 
A 13 Av, 

Results of I>aclaux 

• 
• 

« 

1000 18 ?ione 

52,01 52,05 52,02 
Acetic plus trace 

of propionic 

• 
• 

« 

1000 14 • ;one 

52,01 52,05 52,02 
Acetic plus trace 

of propionic 

• 
• 

« 

1000 10 Hone 

• 
• 

« 

1000 IG Tlone --- ---

• 
• 

« 

1000 13 None 

--- ---

• 
• 

« 

1000 74 a mail 
urnoiant 

53,12 53,17 53.145 Acetic plus large 
arnt, of propionic 

• 
• 

« 

1000 58 Wone 53,32 53.39 53.555 Acetic plus small 
iunount of propionic 

• 
• 

« 

1000 44 
» 

Very 
small 
firaount 

52,895 
Acetic plus small 

anioant of propionic 

• 
• 

« 

1000 

f 

46 alight 
omoimt 

oo.uu 52,895 
Acetic plus small 

anioant of propionic 

• 
• 

« 

1000 42 
slight 
amo^mt 

53,59 53.68 53,635 
Acetic plus trace 

of propionic 
• 
• 

« 

1000 57 Small 

amount 

53,59 53.68 53,635 
Acetic plus trace 

of propionic 
• 
• 

« 

1000 44 slight 
» 
t 

• n 
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in ;o , • • 

16 a Kg no 
t 

*•» M T Culture 6 • 0.23 
* « 

1000 

« • 
18 • T?one • 

• 

10 b "one • — 

• 

" " = 0.23 • « 
1000 

• • 

14 ; fione 

45 ; Hone 
V 

I 1 
• 

" " ! 0.22 1000 10 ! None • 
« 

59 a i'ono " " : 0.22 1000 

• 

16 : None 
• 

59 b None " " ; 0.22 
• 

1000 

• • 

13 , None 
• 

17 

1... 

CltriC! 
acid 0,3 

b 
" • 0.54 

• 
1000 yy" SIIIGII 

• arnoiJint 

; 18 Lactic 
acid 

0,3 
• 

" " : 0,52 
• 
» 

1000 
* 

58 ; None 
« 
* 

46 a Lactic 
acid O.G 

• 

" " " 0o65 • • 
1000 

; Very 
44 ; snijill 

amoiint 

i • 46 b 
Lactic 
aold 

• 

• 

" ; 0.62 
• 
• 

lood 46 ; slight 
i amount 

: 59 c 
Gone, 

0.2 " " : 0,56 
« 

1000 42 i 
amount 

; 59 d Cone, 
HgS04 0.4 

• 

" " 1 0.76 1000 ; Small 

• arriount 

i 59 e 0.3 " " i 0.71 1000 44 ; alight 
amount 

a 

: 59 f 0,6 " " • 1.18 • « 
1000 

• • 
. sinall 

54 * . ; amount 

: Itonc 

• • 
None : Q.SI 1000 

« 
« 

4* ̂  
3.2 * Hone • • 

j 55 a luctic 
acid 

clt» acid 

0.3 

0.3 

i 0.82 1000 5,2'] T<ono 

» 

+ 
Values obtained when the entire one liter of distilln 

calculating from the value for 50 cc. 
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• • • 
* • • 
• • • • 
J 1000 '• 18 
• * 
» « 

7'one 

52.01 52.03 52,02 
Acetic plug trace ' 

of propionic ' 

• € 
* • 

' 1000 * 14 4 * » • 
'ione 

52.01 52.03 52,02 
Acetic plug trace ' 

of propionic ' 

• 

! 1000 ! 10 « • 
« • 

I] one 

• • • • 
: 1000 : 10 
» • • • 

I'ione 

• • « • 

• 1000 ; 13 Hone 

: 1000 : 74 
f • 

3h'iall 
arnoijnt 

53.12 53,17 53.145 Acetic plus large ' 
s.rat, of propionic \ 

; 1000 ; 58 
• • 

None 53.32 53.39 53.355 Acetic plus small ! 
iinount of propionic ; 

• 

* 1000 • 44 
• • 

Very 
£3 ma 11 
amoimt 

52.895 
Acetic plus small 

amomit of propionic 
• 

; 1000 ; 4G 
• 
• 

alight 
amount 

Oii.YO DU.UU 52.895 
Acetic plus small 

amomit of propionic 

• • 
: 1000 : 42 
• 
• 

alight 
amoixnt 

53.59 53.68 53.635 
Acetic plus trace 

of propionic 
• 

'1 • 1000 * 57 
« 
» 

Small 

amount 

53.59 53.68 53.635 
Acetic plus trace 

of propionic 

, : 1000 ; 44 
i : : 

alight 
amount 

53,66 53.66 53.66 
Acetic plus trace 

of propionic !' : 
1' 1000 ' 54 
s; : 

small 
amount 

53,66 53.66 53.66 
Acetic plus trace 

of propionic 

f; 
1: 1000 : 3.2 
S • n • 

None 

1; 
|i 1000 : 5.2 

h 

•Mono 

I 
i 
ientire one liter of distillate was titrated instead of u 

Bora the value for 50 cc. 
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T/sBLE XI (continuec 

Arr-ounts and Types of Volatile Acids Formed in r 
and 

with Chemicals Added hy Various Cultures of ASE 

eaig-

ation 

f rim 

Chomioal 

Kind 

addod 

''!-:ount 
in 

Asnociatod 

organisms 

inocv-ilated 

F'inal 
icldity 
alcu-
.ated 
a a / 

lactic 
acid 

«> 

cc.of 
cul­
ture 
dia-
tilled 

cc. of 
K/10 alk 
for one 
liter 
of dis­
tillate 

])i acetyl 
produced 

in 25 cc, 
of dis-
mpte 

31 A None Culture 13 0.2B 1000^ 42 iione 

31 b 1 j one M tf 0 . J 1000 43 Towq 

GO a I-!one 1: 0.24 1000 40 
I 

Hone 

32 a Citric 
acid 0.3 0.49 1000 73 Small 

aiiiount 

32 b 
Citric 
acid 0,6 M 0.97 1000 30 Small 

amount 

4B a 
Citric 
acid 

0 0 0 'I M 0.81 1000 51 
large 
aiivount 

33 a 
Laotic 
acid 

0,3 tl 1! 0.4G 1000 48 None 
* 

33 b Lactic 
acid 

0.6 n n I 
« • 

0,75 1000 5a 
Very 

a mo 11 
amount 

34 

Lactic 
acid 

citric 
acid 

0.3 

0.3 
tl It 0,80 I 1000 108 

Large 

amount 

48 b 
Cone, 

H2SO4 
0.3 " : 0.63 • 

• 
1000 

• 
48 

• 

Slight 
amount 

* 
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T/sBLE XI (continued) 

p Volatile Adda Formed In Presli I'ilk Alone 

I and 
a by Various Cultures of Associated Organiai-is. 

cc.of 
cul­
ture 
dis­
tilled 

cc. of 
k/10 a Ik 
for one 
liter 
of dis­
tillate 

tli acetyl 
produced 

in 25 cc, 
of dis-
illate 

'/'• TonlJlura in salt 

Results of Duclaux 

cc.of 
cul­
ture 
dis­
tilled 

cc. of 
k/10 a Ik 
for one 
liter 
of dis­
tillate 

tli acetyl 
produced 

in 25 cc, 
of dis-
illate A B Av. 

Results of Duclaux 

1000 
i 

42 lione 

52,02 52,02 52.87 
Acetic plus trace i 

of propionic [ 

i 

1 
!iooo 

1 
A 
x Lone 

52,02 52,02 52.87 
Acetic plus trace i 

of propionic [ 

1000 40 
i 

Hone : 

1000 

- \ 

73 small 
amoimt 

55.27 53.2(3 53.265 
Acetic plus trace 

of propionic 

i 

jlOOO 

1 

50 Small 
c.inount 52.29 52.29 52.29 

Acetic plus trace 

of propionic ' 

1000 51 large 
aiiiount 53.27 53.24 53.255 

Acetic plus trace : 

of propionic ] 

1000 48 None 52.64 52.63 52,635 Acetic plus trace 
of propionic ]' 

1000 52 

* 

Very 
auiall 
amount 

S 
: 52.61 52.69 52.65 

Acetic plus trace • 

of propionic 

o
 

o
 

o
 

*. 108 
Large 

amount 
53.22 53,25 53.235 

Acetic plus trace 

of propionic 

1 
1000 i 40 Slight 

amount 
r;*3 T fi ao 

Acetic plus trace 
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60 a * None ' 
: 

II n 0.24 1000 40 
, I 

II ono 

; 
. Citric . ,, o2 a ' • O.o aclu k * 
• » 

H. II 0,49 1000 

[ 

73 small 
aiaoujit 

• • • 
. ; Citi'lc : ,, , 
^ ; acid : 

; ; 

w n 0.97 1000 30 small 
c.i'ioi^nt 

« • 

• Citric * ^ 
48 a ; : 0,6 

acid 
• * 

M I) 
O.Bl  1000 51 

large 
e:>'Ount 

* • 

= Lactic • „ 
3.i a ; . , ; 0 • .J acid « • 

« • 

ti n 0.40 1000 48 None 

• • 

35 b i Lactic • 0^0 • 
acid • « 

n It 

» 

0,75 1000 52 -
Very 

small 
amount 

5 Lactic • „ „ 
: acid : 
: citric : ^ s 
: acid 

:i u 0.80 1000 108 
Large 

airiOunt 

: Cone. 
48 b . n qn • n 11 

I 

0, Go 1000 48 Sllt!;ht 
arnouni 

• Cone. ' 
4 8 c t IT c A • 0»o 

J ^'2"04 
H tl 0.62 1000 50 

Very 
slighj 
amouni 

60 c : 0.2 U tt 0,55 1000 48 Wone 

60 d 1 : 0.4 
2 4 

I! U 0,74 1000 57 
Very 

slighl 
at'iounl 

« • 
f t  u  

60 e J ;' 0.3 M U 1,18 1000 71 None 

» « 

t iO  f  :  ] i , - .PO,  ;  Q .G 

• • 

tl M 1.12 1000 55 Trace 

(.p, _ 'Tartaric * ^ ~ 
® = aoia = • t 

t! !! 0,46 1000 GO Kone 

'Tartaric ; ^ „ 
60 h  ; ; O. t .  

• « • * 

ft I! 0.59 1000 56 
Very 

slight 
a:noTmt 

10 ; ; 
.'iono . —- None 0.16 1000 2 I'ione 

11 \ eicric ; 0,3 
acid ! 

None 0 ,v53  1000 2 Uono 

• , • • 
12 5 ILactic : o.3 

: acid 
« « 
• « 

None 0,51 5-000 5 Kpne 
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1000 40 • Koiie • 
\ 

--- - - -

« ft 

1000 

• • 
. Sinall . 

amount 1 • 
55,26 52.265 

Acetic plus trace 

of propionic 

« ft 

1000 

« <• 

; C.I'!OUnt ; 
% 

52.29 52.29 
Acetic plus trace 

of propionic 

« ft 

1000 

• • * • 

r-, • large ' r-" nrj 
• fi.iount • 
t * 

53.24 53.255 
i\cetic plus trace 

of propionic 

« ft 

1000 

* • « • 

48 ' I-'one ! 52.64 • • 
• « 

52. (JO 52,635 Acetic plus trace 
of propionic 

« ft 
1000 

• • 
Very j -

52 auuill ; 52,61 
amount : 

52.69 52.65 
Acetic plus trace 

of propionic « ft 

1000 

f 

! Large ! 
108 : ! 53.22 

1 amount ] 
53.25 53.235 

Acetic plus trace 

of propionic 

• 
• • 
• « 
• • 
• 
• 
* • 
« • 
• « 
• « 
4 • 
• 
« • 
« « 
• 

1000 48 : Slight : 
amount • • 

53.12 53,14 
Acetic plus trace 

of propionic 

• 
• • 
• « 
• • 
• 
• 
* • 
« • 
• « 
• « 
4 • 
• 
« • 
« « 
• 

1000 

. bo.iti 
Very 

• slight • 
: amount ; 

53.12 53,14 
Acetic plus trace 

of propionic 

• 
• • 
• « 
• • 
• 
• 
* • 
« • 
• « 
• « 
4 • 
• 
« • 
« « 
• 

1 1000 

• • « * 
48 ' None '• 

* • 
53.49 53,48 

Acetic plus trace 

• 
• • 
• « 
• • 
• 
• 
* • 
« • 
• « 
• « 
4 • 
• 
« • 
« « 
• 

ii 
1 
j 1000 
J 

• Very • £>S.4Y 
57 : slight : 

amount 

53.49 53,48 
of propionic 

< 

« 

1 
1 1000 

« » 

• i 
71 ; None ; 

53,65 53.6^5 

« 
• 
« 

Acetic plus trace ; 
; 

of propionic : 

• 

1000 

' Ll.J» (Y. 

55 ; Trace ; 
' ; 

53,65 53.6^5 

« 
• 
« 

Acetic plus trace ; 
; 

of propionic : 

• 

; 1000 ) 
• * 

GO : >!one • 
• • 

53.32 53,305 

Acetic plus trace 
4 3 

of propionic ; 
• 

1 1000 

• ; 53,29 
Vci-'y 

56 : slight ; 
'• amount ' 

53.32 53,305 

Acetic plus trace 
4 3 

of propionic ; 
• 

1 1 1000 

• I « • • • 
2 ! i-lone : 

i 
1 1000 
i 

• • 
2 ; liono : 

• • • • ^ 

5.000 

i 

• 
« • 
« • 

5 1 iJpne ; « t 
» • • • 

i 
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TABLE XI (continued^ 

Aiiioiints and Types of Volatile Acids Formed in ; 

and 

with Chemicals Added by Various CultiMfes of Afi 

Desig­

nation 

of run 

Chemical added Associated 

organisms 

Final 
acidity 
calcu­
lated 
as iit 
Lactic 
acid 

? 

cc.of 
cul­
ture 
dis­
tilled 

cc. of 
Ti/lO alk. 
for one 

Diacetyl 
produced 

In 25 cc, 

Desig­

nation 

of run 

Kind Amount 

in "w 

inoculated 

Final 
acidity 
calcu­
lated 
as iit 
Lactic 
acid 

? 

cc.of 
cul­
ture 
dis­
tilled liter 

of dis­
tillate 

of dis­
tillate 

13a None Culture 2 0.315 1000 50 Kone 

13b None It 0.31 1000 50 Kone 

14 

• 

Citric 
acid 

0,3 It 0.73 1000 144 None 

15 Lactic 
acid 

0.3 M J- n 0.61 1000 65 None 

22 a :^:one Culture 7 0.27 1000 20 None 

28b Kone tJ ft 0.27 1000 18 Kone 

23 Citric 
acid 

0.3 It ') 0.59 1000 70 
Small 
amount 

24 
Lactic 

acid 
0.3 

• 

f! 11 0.53 1000 50 !' one 

25a one *« 'W MB "Culture 0 0.27 1000 26 K one 

rJorie 
n u 0.26 1000 22 Kone 
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TABLE XI (continUBd). 

Volatile Acids Forsned in Fresh !.;llk Alone 

and 

by Various Cult cul-ea of Associated Organisms. 

3.of 
xl" 
are 
is-
Lled 

cc. of 
K/10 alk, 
for one 
liter 
of dis­

tillate 

Diacetyl 
produced 

in 25 cc. 
6f dis­
tillate 

% bariujn in salt 

iiesults of Duclaux : 

3.of 
xl" 
are 
is-
Lled 

cc. of 
K/10 alk, 
for one 
liter 
of dis­

tillate 

Diacetyl 
produced 

in 25 cc. 
6f dis­
tillate A B Av, 

iiesults of Duclaux : 

S 

1 
300 50 Rone 

53,26 53.29 53,275 
Acetic plus trace 

of propionic j 300 50 Kone 

53,26 53.29 53,275 
Acetic plus trace 

of propionic j 

! 

ooo 144 None 53» 65 53.65 53.65 
Acetic plus trace : 

of propionic 

poo G5 None 53.29 53.23 53.2G Acetic plus trace 

of propionic j 

)00 20 None 

52.08 52.08 52,08 
Acetic plus trace * 

of propionic | 
300 18 None 

52.08 52.08 52,08 
Acetic plus trace * 

of propionic | 

300 70 
Small 
amount 53.26 53.21 53.235 Acetic plus trace • 

of propionic | 

000 
1 

r)6 Kone 53.19 55.23 53.21 
Acetic plus trace 

of prop onic 

poo 26 one '• 52.49 » 
: 52.49 
* 
• 

52.86 

52.86 

52,675 

52,675 
Acetic plus trace 

of propionic o
 22 None 

'• 52.49 » 
: 52.49 
* 
• 

52.86 

52.86 

52,675 

52,675 
Acetic plus trace 

of propionic 

^ 
• 
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a J . U i i t J  •  —  . U U X l / U i ' t ?  f  •  cu «one 

28b 
* • • 

v.one : ; " " 0.27 1000 18 Kone 

23 Citric • 0,3 * " " 
acid " • 

• ^ 
• » 

0.59 1000 70 
Small 
amount 

24 

: 
Lactic ' ^ * •! .1 

0. o ; 
acid 

« 
« 

0.53 1000 56 l''one 

25a 

» • 
• « 

' one • K-ultixpe 8 
» • 
» • 

0.27 1000 2G I'ione 

••Ah o 

• • 
* * 

None - • " " 
• • 

i
 

o
 

05
 

i 

, 
,1

 

1000 22 i None 

26 

t  *  

Citric 
acid • 0.3 

• « 
• • 

0.54 5.000 68 Gmall 
amount 

27 

• % 

Lactic ' n s ' " " 
• u  •  o  ,  

acid 
•  a  
• • 

0.56 1000 5u T.' one 

47 

• » 

Lactic ; 0.(5 ! " " 
acid ! ! 

• * 

0.67 1000 57 Ti one 

28a None • 'Culture 12 
• • 
• * 

0.52 1000 51 f.'one 

281) 

• « 

: ; 11 tt 
lionc 1 ; 0.53 1000 51 I! one 

29 
« • 

Citric ; 0„3 ; " " 
acid j 

t  «  

0.93 1000 151 Wone 

30 

• • 

Lactic • n • " " 
acid 

• • 

• • 

0.78 1000 61 Tv'one 

55a None . . I'ione 
• • 

0.2 1000 2.7-^ Done 

55b 

J; 

None • ' Kone 
• « 

0.20 1000 2.6'* N one. 

; 55c 

* • 

Cac, acid ! 0,3 | r„np. 
Clt. acid ; 0.3 ! 

0.82 1000 5.2^ None 

'Values obtained v/hen the entire one liter of disti|llate v/ai 

calculating from the value for 50 cc. | 
j  

1 

I  i 
i 
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)00 20 . None 

52.08 52.08 52.08 
Acetic plus trace | 

of propionic ] )00 18 Rone 

52.08 52.08 52.08 
Acetic plus trace | 

of propionic ] 

DOO 
I Small 

*70 ^ amount 
• 
* 
• 

53.26 

1 

53.21 53.235 Acetic plus trace 
of propionic ] 

000 

« 
• 

• 

56 [ ^ :''one 53.19 53.23 53.21 Acetic plixs tracc • 
• 

of prop'onic 

000 

1)00 

26 • Hon© • I 
... .LU: 

' 

22 1 Rone 

52.49 

52.49 

52.86 

52.86 

52.675 

52.675 
Acetic pl\i3 trace 

of propionic 

300 68 
Small 
amount 

53.0 53.02 A.cetic plus trace 

of propionic 

300 56 Kone 53.42 53.44 53.43 Acetic plus trace 
of propionic 

000 
i 

57 K one 53.38 53.39 53.385 Acetic plus trace 

of propionic 

t 
boo 

1 

51 Hone 

53.01 52.99 53.0 
Acetic plus trace 

of propionic [boo 
i 
n 

51 None 
53.01 52.99 53.0 

Acetic plus trace 

of propionic 

B' 
1 
f)00 

i 

151 Wone 53.58 53.64 53.61 ^ .Acetic plus tracc 

of propionic 

o
 

o
 

o
 jnir

r»iW
ir.;T»

»• 

61 None 53.28. 53.31 53.295 Acetic plus small 

amount of propionic 

O
 

O
 

O
 2,7'^' None 

P 
iooo 
§ 

2.6'^ None. 

i 
iooo 
s 

5.2'*' None 

hne liter of distilate was titrated Instead of 
1 
^or 50 cc» 

i 
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I 
I 
§f 
I 

- - I 
T.ABLE XI (conclTid(|i 

Anomts and Types of Vo atilo Acids Formed In l| 

and I 
with Chemicals Added by Various Cultures of Asi| 

! I 

Dcaig-, 

nation: 
Chomical added ! •".aociated 

orfianisi'is 

inal 
cidity 
alcu-
a1!r®^ 
as % 
actio 
acid 

cc, of 
cul­
ture 
dis­
tilled 

cc, of 
i/10 alk. 
for oiie 
liter 
of dis­

tillate 

i 
! 

.!)i acetyl 
joroduced 

in 25 cc, 

of dis­
tillate 

of rviri • 
• 

I'incl ; /unom.'.t 
m 
9 

— 1 

inoculated 

r 

inal 
cidity 
alcu-
a1!r®^ 
as % 
actio 
acid 

cc, of 
cul­
ture 
dis­
tilled 

cc, of 
i/10 alk. 
for oiie 
liter 
of dis­

tillate 

i 
! 

.!)i acetyl 
joroduced 

in 25 cc, 

of dis­
tillate 

56a I^one I 
t 

Culture 14 0.45 1000 44 lione 

35b 
« 

Kono ! • 
tt tv 0.44 1000 44 tt 

36a Citric ' 
acid : 0.3 tl h 0;79 1000 14S 

0 

3Gb Citric : 0.6 
acid 1 

it n 0.93 1000 188 It 

37a 

*> 

£j C TS X 0 ^ f\ r? J - •  W • O acid 
It 11 0.73 1000 58 tl 

37b 

* 
9 

Lactic : ^ 
U # O 

acid : 
1! U 1.08 1000 10 11 

41 
Lactic : _ 

O.o 
acid 

« 

n u 0.93 1000 58 tl 

38 Cit, acid 0.3 
lac, acid ! 0.3 

• 

ii 11 0.90 1000 154 II 

49a 
" • ' 

• 

Nono : --- Culture 3 0.42 1000 46 tl 

49b 
• 

None : 
• 

11 It 0.43 1000 47 n 

50n Citric ; 0.3 
acid 

1! 0.81 1000 127 •1 

50b Citric 
acid 0.0 11 n 0,91 1000 172 t l  

51a Lactic 
acid 

0.6 fl Tf 0.82 1000 66 

51b 
Lactic 
acid O.G t l  11 0.82 1000 63 u 
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TABLE XX (concliided) 

if Vo atllo Acids Formed in Fresh iVilk Alone 

and 
id by Various Cultures of Associated Organisms, 

cc.of 
cul­
ture 
dis-
illed 

cc. of 
N/lO alk, 
for one 
liter 
of dis­

tillate 

o • 
• 

Diacetyl ; salt 
produced : 

in 25 cc, • " 
« 

of dis- . A  B  A V c  
tillate : 

* 
4 

• 
f 

Results of I>uclaux 

1000 4 4  

• .i-y.... ,11 -,••,11 

iv'one • 
53.11 53.08 

Acetic plus trace 

of propionic 1000 44 
' 55.05 

" : 
• 

53.11 53.08 
Acetic plus trace 

of propionic 

1000 c 142 

* 

" ; 53.07 
« 

53.62 53.645 Acetic acid 

kooo 
1 

188 

• • 
" : 55.63 • • 

53. G1 53.62 Acetic plus trace 
of propionic 

looo 
i i 

58 

• 

" ; 53,15 
• 

53.01 53.08 Acetic acid 

i 
SLOOO 10 

• 
« 

" . • 
• • 

1 

jiooo 58 

• 
* 

" : 53.11 
• 

53.01 53.06 Acetic plus trace 

of propionic 

1000 154 ' 53.39 • • 
53.38 53.5B5 Acetic plus trace 

of propionic 

1000 46 II J 
53,32 53.31 

Acetic plus trace 

of propionic 1000 47 
p «30 

" ; 
» • 

53,32 53.31 
Acetic plus trace 

of propionic 

1000 127 

« • 
•' i 53,72 

• 
53.71 53.715 Acetic acid 

1000 172 

• 
* 

" • 53.85 • 
• 

53.79 53.82 Acetic acid 

1 i 
o
 

o
 
o
 GG 

* 

Tt * 

,5 '"."T rr* 53.62 53.59 

Acetic plus trace 

of propionic 
iooo 1 63 

• \JO # ou 
m 

11 
« 
• 

53.62 53.59 

Acetic plus trace 

of propionic 
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• a.vi. • * 
» 

37a Iiacfci.c • r. „ - » • u • o 
acid • 

II 11 0.73 1000 58 • " • 
• 

37b 

» 
* 

Lactic ; „ 
. O.b 

acid : 
11 1! 1.08 1000 

• T 

10 1 " 

41 Lactic : _ .. 
O.u 

acid 
« 

11 ti 0.93 1000 58 ; " 
• 

38 

1 

• 
Cit. acid J 0,3 f 
lac. acid * 0.3 » 

It 11 0,90 1000 

• 
* 

154 : " • • 

49a 
* 
9 

Hone ; ~-~ Culture 3 0,42 1000 46 = " 

4913 •ione ; 
» 

It II 0.43 1000 47 • " 

50a 
• 

Licric n 5 u» o 
acid 

II M 0.81 1000 
• 

127 i 

50b Citric r ji n • 0»0 acid 
M 1( 0.91 1000 172 ; " 

51a 
• 

.TJQ.C1J1C • f\ /T* 
acid ; 

9 

tl IT 0,82 1000 66 ! " • 
* 

51b 

• 
Lactic ! « 
acid : 

tl 11 0.82 1000 G5 ; " • « 
* • 

51c 
Lactic ; „ 
acia . O . o  
citric ! 
acid i 0.3 « 

n 0.B7 1000 130 ; " • 
• 

52 a 
f 

Hone Gultiire 9 0.47 1000 53 • " 

52b 
• 

rione '• 11 !I 0.465 1000 48 ; " 
1 

53a Citric : 0.3 
acid * • 

II II 0.82 1000 126 *. " 

53b Citric ; Q^g 
acid ! • 

' tl » 0.-95 1000 

* 

136 : " • 
« 

54a, 

• 

Lactic : o.3 
acid 

II It 0,74 1000 66 : " 
t 

i54b 
Ijactlc ' » .. 
acid : 0*^ 

• 

11 11 0.85 1000 

« • 

66 ; " 
9 

54c 
Lactic : 
acid * • 

» 

It 11 0.B4 1000 60 ; " 

39 
« 

None f'iori' o.ier 1000 p • '1 ^ « • 

40 

• 

Citric ; 
acid . 0.3 
Lactic J 
acid . 0.3 

11 0.82 1000 

ti 

« 

5 i 
• • 
• « 
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• uoaUji::; 

1000 

1000 

1000 

58 

10 

58 

55.15 

53.11 

53.01 = 53.08 

53.01 : 53.06 

of propionic 

Acetic acid 

Acetic plus trace 

of propionic 

1000 

1000 

1000 

154 

46 

47 

55.39 53.3B : 53.385 Acetic plus trace 
of propionic 

5o 9 oO 53,32 • 53.31 
Acotic plus trace 

of pro;;ioniC 

1000 

1000 

1000 

1000 

127 

172 

(36 

63 

53,72 53.71 ; 53.715 Acetic acid 

53.85 

53.56 

53.79 • 55.82 Acetic acid 

53.62 5 53.59 
Acetic pliis trace 

of Dronionic 

1000 150 53.70 53.69 . 53.695 
Acetic plus trace 

of propionic 

1000 

1000 

53 

48 
53,56 53.54 : 53,55 

Acetic plus trace 

of propionic 

1000 126 53,62 53.57 : 53,595 Acetic plus trace 
of propionic 

1000 

1000 

136 

66 

53,72 53,70 : 53.71 Acetic plus trace 
of propionic 

53,22 53,15 ; 53,185 Acetic plus trace 
of propionic 

1000 

1000 

1000 

1000 

66 

60 

2 

53,39 53,25 •• 53.32 
Acetic plus trace 

of propionic 
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(greater increaaos in the dlacet^rl production than the smaller 

ai'iiouiits, f'oreover, in some instances, the addition of 0.6 

sterile lactic, tartaric or phosphoric, or 0.4 p sulphuric .-icid, 

caused a decrease in the volatile acii^-ities but an increase in 

diacetyl production. These resvilts suggest that a certain 

range of p^^, variable v/ith different organisms, is an impor­

tant factor in diacctyl production. 

R. citrovorus cultui'-es in sterile fresh milk alone, 

usually produced small amounts of volatile acids which con­

sisted of acetic plus a small or a large amomit of propionic 

acid, while S» paracitrovorus cultures produced coraijaratively 

larf^er quantities of volatile acidities made up of acetic plus 

a trace or a small amount of propionic acid. Tlie barium and 

Duclaux values on the volatile acids formed in organic or 

inorganic acid added cultures, indicated acetic plus a trace 

( seldom a small amount ) of propionic acid. 
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SmiMARY OP RESULTS 

1- Lots of uninoculated sterile phosphate-yeast-beef 

infusion bouillon, with and without addition of chemicals, 

gave considerable quantities of volatile acids when steam 

distilled. These acids were propionic, or propionic with a 

small or a large amount of acetic acid, 

S. citrovorus, in phosphate-yeast-beef infusion 

bouillon with no chemicals added, produced considerable 

amounts of volatile acids which consisted of a mixture of 

about equal quantities of acetic and propionic acids. 

o- The addition of sterile citric acid to phosphate-

yeast-beef Infusion bouillon inoculated with associated 

organisms. Increased the amount of volatile acids. Hie 

barium and Duclaux values on these acids indicated acetic 

plus a trace, a small amovint, or a large amount of propi­

onic acid, 

4- The addition of sterile lactic, beta hydroxy pro­

pionic, tartaric, succinic, malic, or gl^j^collic acid to 

pliosphate-yeast-becf infusion bouillon inoculated with 

associated organisms did not Increase the volatile acidity. 

The barium values on the acids secured indicated propionic, 

or propionic with a small or a large amount of acetic acid. 
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The results obtained using fermenteo milk (free 

from citric and volatile acids) were essentially the 

same as those obtained v/ith phosphate-yeast-beef infusion 

bouillon. 

S. citrovorua cultures in sterile fresh milk 

usually produced small amoimts of volatile acids made-up 

of acetic plus larf;e ainounts of propionic acid, while 

S. paracitrovorus cultures produced larger quantities of 

volatile acids, which consisted of acetic plus a trace or 

a small amoixnt of propionic acid, 

7- The addition of sterile citric acid to sterile 

fresh milk Inoculated with associated organisms always 

increaseC the volatile acid production. The addition of 

sterile lactic acid gave a marked increase with S. citro-

vorus cultures, while with S. paracitrovorus cultures this 

increase was ixnappreciable. The barium and Duclaux values 

on volatile acids secured when citric or lactic acid had 

been added, indicated acetic plus a trace (seldom a small 

amount) of propionic acid, 

8- The addition of sterile sulphuric, phosphoric or 

tartaric acid to fresh :;iilk inoculated with associated or­

ganisms gave results essentially the same as those secured 

with lactic acid. 
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Kone of the associated organising produced dla-

cetyl in fresh sterile railk, v/hile only a fev/ of them 

ivere 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 sterile citric acid to cultures, than from the 

addition of other organic or irorganic acids. An in­

creased ainovmt of volatile acidity vias not necessarily 

accompanied by an increase in diacetyl production. 

Apparently, a certain range of pK, variable with differe 

organisms, w;,:s an important factor in the production of 

diacetyl vAien sterile lactic, tartaric, phosphoric or 

sulphuric acid had been added to the cultures. 
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D.CSCUnaiON OP iiESIfLTS 

The results reported show that the addition of sterile 

citric acid to phosphate-yeust-beef infusion bouillon, fernen-

ted : ilk ( free from citric acid) or fresh rillk inoculated with 

one of the associated organisms, ulv;ays gave larp^e increases 

in the volatile acidities, while the addition of sterile lactic, 

beta hydroxy propioniic, tartaric, succinic, malic or glycollic 

acid did not give si^-nifleant increases. Furthermore, the 

addition of sterile inorganic ac\ds ( sulphm'ic or ohosphoric) 

to fresh milk inoculated with the organisms, gave essentially 

the same amounts of volatile acids as the addition of sterile 

lactic or tartaric acid» 

Apparently these latter organic acids fvuiction, in 

milk cultures, in the same manner as sulphuric or phosphoric 

acid. Since the inorganic acids presumably cannot bo changed 

into volatile acids, it appears probable that citric acid is the 

actual source of volatile acids formed by the associated organ­

isms in milk, and that these organisms are not capable of fer­

menting lactic acid into volatile acids, as was suggested by 

Harr.: er (7), The lactic acid may free the citral'os, naturally 

present in milk, into an asiDoy available form v/hich is readily 

changed to volatile acid, 'j-'he fact that S. paracitrovorus is 

capable of producing a small ariiount of lactic acid in milk 

wiiile citrovorus is 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 nay 

have a bearing on the types of acids formed, P. citrovorus 

ciiltures producer' types of vo'iatile acids in nrilk v;ith no clieij-

icals added,which consisted of acetic plus large ainouiits of 

propionic at-id, v/lille v;ith , paracitrovorus ci.ilt\iros these 

acids were primarily acetic with a trace of propionic acid. 

Since the type of volatile acid in milk cultures con-

tainin(i diacetjrl practicall,/ al^vays indicated acetic acid, it 

laay be that acetic acid dlrectl;/ is the source of the diacet;/! 

formed. Furtliermore, since the addition of increase.: amounts 

of organic or inorganic acids to the cultures nearly always 

incre;)sed the aiiiount of diacetyl present, it appctirs probable 
II 

that a certain range of p is an e3;;ential factor in the maxi-

lauiTi production of diacetyl \}j the as:30ciaten organisms. i'his 

agrees ivith the idea held by certain investigators, that a 

high aroma and flavor in a butter culture cannot be secured 

witi'iout considerable total acidity. 
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CDTlCLUriOH:'" 

The organisms associated v/ith F. Inctj^- in 

butter cviltures are capable of fermenting citric acid 

with the production of volatile acids which consist 

primarily of acetic v/ith a trace or a snail or a larno 

aiiioimt of propionic acid. 

These associated organisms alone are not 

Gui)ab.e of feriiienting lactic acid. It ijerely func­

tions to free the citrates, natvu'ally present in milk, 

into easily available citric acid, whicVx in turn is 

changed into foi'ins of volatile acids by these 

organisms. 

Citric acid indirectly, and acetic acid 

divcctly, are possible sources of the diacetyl formed 

by the associated organisms. 
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