IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1930
The chemical action of Aerobacter faeni on Xylose
and on sucrose

Calvin R. Breden
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Biochemistry Commons

Recommended Citation

Breden, Calvin R., "The chemical action of Aerobacter faeni on xylose and on sucrose " (1930). Retrospective Theses and Dissertations.
14213.
https://lib.dr.iastate.edu/rtd /14213

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/2?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14213?utm_source=lib.dr.iastate.edu%2Frtd%2F14213&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependeht upon the quality of the

. copy submitted. Broken or indistinct print, colored or poor quality illustrations

and photographs, print bleedthrough, substandard margins, and improper

alignmeni can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized

copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by

- sectioning the original, beginning at the upper left-hand comer and continuing

from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600







NOTE TO USERS

This réproduction is the best copy available.







THE CHEMICAL ACTION OF ALROBACTER FAENT
ON XYLOSZ AKD ON SUCROSH

By
Calvin R. Breden

A Thesis Bubmitted to the Graduate Faculty
for the Degree of
DOGTOR OF PHILOSBOPHY
¥ajor Bubject - Blo-Physical Chemistry

Approveds

Signature was redacted for privacy.

In Charge of Major WoTrk

Signature was redacted for privacy.

Head bf Major Depariment

Signature was redacted for privacy.

Dean of Graduate Collége

\-

Iowa Stéte.college
1930




UMI Number: DP14403

®

UMI

UMI Microform DP 14403

Copyright 2006 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, M1 48106-1346




ACKNOWLEDGMENTS

N Tﬁe author wishes to acknowledge his indebtedness
to Dr. E+ I. Fulmer, for his advice and assisiance through-
out the course of this investigation. Thanks are also due
%o Dr. C. H. Werkman, for furnishing the organism and
maintaining a check on its freedom fr&m contamination, and
to Dr. R. M. Hixon, for his helpful advice and suggestio

S
[N

o
s regarding analytical methods.

—\ 53|




I.
II.
111,
iv.

'S
vi.
Vii,

-3 -
TABLE OF CONTENTS

Page

Introductionb'vo-tooooo000000‘00004

His torical ¢ ¢ ¢ o ° * o o = L] ] ] L I [ ] . [} * - ¢

7

Desorip‘tionOfOrganism..-..o........9

Experimental o« o ¢« ¢o s ¢ v ¢ s o s 5 2 6 o o o o
A+ Development of the Meddum o+ o o v o 4 o & « &
Be Qualitative ANSLYSIS o o o o o o o o v o o o o
1. DiISCUSBION ¢ 6 v o ¢ « o o ¢ o ¢ o « o o a
42. The Identification of the Products formed
from Xyloze and BUCIOSE + + « » o + « o &
O. The Relative Amounmts of the Products formed
under Aeroblc and Anaerobic OConditions from
X¥lose and SUCTOBE o o v o o « o ¢ o o o « o

1, Introduction « v v o o« o o o o o o « o o

B, ProcedUTC « o« o o o o « ¢ o s o o o o o

3. Methods of Analysis Used.
4. Results of Analysis . . .
Discusgion ¢ e o s s e o e v
Iiterature Olted « ¢ o v « & & ; .

10
10
18
18

20




-4 -
I, IRTRODUCT ION

One of the fields of research now occupying the at-
tention Sf various agencies’ is the practical commercial
utilization of agricultural wastes such as the cornstalk,
corncob, oat hulls and the like. One method of utilization
holding promise is the production of chemicals by the fer-
mentation of these products. The commercial production of
chemicals by fermentation of agricultural products 1s old
but until recently was practically limited to the chemicals
ethyl alcohol and acetic acid from the grains and fruits.
Later black strap molasses, a waste prbduct from the cane
sugar industry has become an important source of ethyl alco-
hol and glycerol. One of the most significant recent de-
velopments in the field has been the large scale production
of butyl alcohol and acetone by the anaerobic fermentation
of corn. One plant uses thousands of bushels of corn per
day in this process.

The commercial processes mentioned deal for the most
pért with the fermentation of celluiose, disaccharides éuch
as cane sugar and maltose, or monoraccharide hexoses such
as dextrose.

The agricultural waste products, such as cornstalks,

corncobs and oat hulls, contain a large proportion of




pentosans, which are carbohydrate materials yielding pen-
toses, especially xylose, upon hydrolysis, In the utili-
zation of these materials it is necessary to deel with and
develop the fermentation chemistry of the pentosans. Before
proceeding directly with the pentosans it is necegsary to
know more about the chemism of organisms acting on a pure
pentose-such as xylose. Such was the purpose of this investi-
gation., The ultimate goal would be to take a typical fer-
mentation and make a complete study of the effect of physical
and chemlcal environment on the kind and amount of substan-
ces produced, with a view to control of ylelds of valuasble
products,
Due to the complexity of the problem and more imme-
~ diately to the unsatisfactory state of analytical methods
in this type of work it has developed that this report is
preliminary in nature, covering the qualitative analysis for
the products produced by Aerobacter faeni on xylose and suc-
rose, and a preliminary g8tudy of the relative amounts of
the products produced‘under aerobic and anaerobic conditions.
This problem involves a knowledge of both bacteriology
and chemistry and as such is best advanced by the utmost in
cooperation between the departments of chemistry and bac-

teriology. Hence the attack on this problem has involved
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the collaboration of the bacteriologist, the plant chemist
and the blo-physical chemist.
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II. HISTORICAL

Comparatively few studies have been made of the fer-
mentation of xylose, in which the dissimilation products
have been adequately identified. The work which has been
done is summarized in Table I. References where impure or
mized cultures were used are not included, nor are those
where it was simply reported that the organism utilized
Xylose as a source of carbon.

TABLE I
DISSIMILATION PRODUCTY OF XYLOSE

Crganism : Products :Authority
Friedlander's : acetic ac., ethyl ale., . Grinbert,
pneumobacillius s I-lactic ac., succinic ac, 1898.

Sorbose bacterium ; xylonic ac. . Bertrand,
. . 1398
Citromyces . citric ac. . Wehmer,
H : 1913
Lactobacillus ; acetic ac., . Fred, Peter-
pentoaceticus : lactic ac, : son and Dav-
H » _enport, 1919
B. acetoethylicum ; acetone, ethyl ale. : Yorthrop,
: : ¢+ Ashe and Mor-
H ._gan, 1919
: :+ Northrop,
B. acetoethylicum ; acetone, ethyl ale. + Ashe and Sen-
¢ formic ac. .

ior, 1919
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(Cont'd.)
DISSIMILATION PRODUCTS OF XYLOSE

Organism " Products . Authority
M . Fred and
B. lactis aerogenes, . acetic ac., butyric ac., ., Peterson,
B, para_ typhoid, . ethyl alc., formic ac., . 1930
B, typhosus . lactic ac,, succinic ac,
. . . Arzberger,
B. acetoethylicum . acetic ac,, formic ac,, . Peterson
‘ . lactic ac., ethyl ale., . and Fred,
. acetone, CO,. . 1320
s : Anderson,
Lactobacillus ;s acetic ac., ¢« Fred and
penfoaceticus : lactic ac. + Peterson,
: + 1920
. . Fred.,
Lactobacillus pentosus,acetic ac., + Peterson
Lactobacillus pento- : lactic ac. « and And-
aceticus : ¢ erson, 192l
B. granulobacter : acetic ac., acetone, : Speakman,
pectinovorum ¢ butyl ale., butyric ac., ; 1833
: : lactic ac. s
H H FrEd,
Acetobacter xylinum, : acetone, €Oy, : Peterson
B. herbicola aureum, : ethyl ale. + and And-
B. wulgatus. : : _erson, 1933
: : Peterson,
B. granulobacter ¢ acetone, butyl alc., + Fred and
pectinovorum ¢ GO, : Schmidt,
H s 1924
Sacc. cerevisiae : ethyl alc,, CO, + Abbott,
i glyceric aldehyde (%) : 1926
Asp. niger : citric ac.,, oxalic ac., : Amglung,
: . : 1937
. : ' { Bernhauer,
Asp. niger ¢ citric aec,, oxalic ac. ¢ 1928
Propionibacterium  ; acetic ac., 00, . Werkman,
pentosaceun : propionic ac, +  Fulmer and
. : Rayburn,

19239
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III. DESCRIPTION OF THE ORGANISH USED

The organism finally decided upon is known as Aero-
bacter faenl, n.sp. which was isolated and identified by
Burkey (1928) in his studies on bacteria attacking con-
stituents of the cormstalk. This organism, among other ad-
vantages, will grow well in a medium containing inorganic
nitrogen in the form of ammonium salts. It grows rapidly on
xylose, produces gas, and is relatively easy %o handle.

The description of the organism as given by Burkey fol-
lows:

"Non-motile rods, 1l.0m broad and 1.0uto 3.0M long,

conforming to the generic diagnosis. Acid and
gas produced from the mono- and di-saccharides,
including melezitose, from pentose sugars,raffi-
nose, rhamnose, trehalose, salicin, aesculin,

2ll the alcochols except erythrital, from glycogen,
soluble starch, and pectin. No fermentation from
amygdalin, inuiin,~or the pentosans. Acid and

gas in litmus milk. 1Indol produced. Gelatin
not liquified. Isolated from hay infusion."
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IV. ZXPERIMENTAL

A. Development of the Medium.
The medium used at first was arbitrarily made up and
contained the usual inorganic components of a typical

nutrient medium,

K HPOy « 3Hg0 | 2.0 g.
NaCl 4.0 g.
- MgS04.7Hg0 0.2 g.
¥H,01 8.0 g.
Ca00, 10.0 g,
sugar 10.0 g.

Made up to 1 liter with distilled water.

later the use of Nall ang MgB0, . 3Hg0 was discontinued
with no apparent decreaselin the growth of the orgénism.
Experiments were undertaken to find whether there is an
optimun concentration of the ammonium chloride or of‘the
phosphate.

1. Bffect of varying concentration of NH4CL1 on the
amount of xyiose utilized,

The medium consisted of,

Xylose 0.5 g.
E5HPO, « 3HR0. 0.1 g.
RH;Cl varying amounts.,

made wp to 50 cc with distilled water,
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Erlenmeyer flasks of 1235 cc capacity, closed with cottion
plugs, were used as contalners., The medla were sterilized
a2t 15 lbs, pressure for 15 minutes, and after cooling were
inoculated with 1 oc of a 24 hr. culture, and incubated at
37°C. After the fermentation had proceeded for 10 days,
the contents of each flaskwere made ﬁp to 100 cc and an-
alyzed for xylose by the phloroglucinal method as described
in the Official Methods of the A.0.A.C. The resulis are
given in Table II,

TABLE II.

EFFECT OF VARYING CONCENTRATIONS OF AMMONIUM CHLO-
RIDE ON THZ AMOUNT OF XYLOSE UTILIZED. pH 7.3-6.5

Flask : BH,C1 : | . Unused xylose
Number ! in"gm, s Growth . in gm,
1 : 0.000¢ + i 0.320
2 : 0.001 + i 0,430
3 : 0,010 + P 0.418
e ; 0,050 £t 0.384
_5 : 0.100 i £+ 0,408
86 : 0.200 + i 0.440
7 : 0.400 . e i 0,374
8 : 0.600 4+ 0.440
9 : 0.800 4 i 0,400

¢ Some RH401 added in inoculum.
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TABLE II. (Cont'd.)

Flask : NH,C1 : : Upused xylose
Number : In gm. : Growth : in gm.

10 P 1,00 - : 0,414

1l : 2,000 g - § —

12 : 3,000 ; - : ———

The results were inconclusive., It was thought that the
acidity devéIOped during the fermentatlon might have been a
contributing factor so an experiment was made using a liter of

medium containing

Xylose 30.0 g,

made up t0 1 liter with distilled water, The medium was di-
vided into two equal portions and each placed in a 1 liter
Erlenmeyer flask. To one f£lask were added 10 g. of precipi-
tated 0aC0z. Both flasks were plugged with cotton and ster-
11lized at 15 1bs. for 30 minutes. |
~ The pH after sterilization was 7.1 as determined by
the gquinhydrone electrode. '
flach flask was inoculated with 1 cc of a 24 hr. culi-
ure., After 5 days the evolution of gas in the flask without
carbonate had practically stopped and the pH was found to be
4,3. Some 0.2 N sterile NaOH was added which brought the pH
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close to neutrality, the next

day the pH was down to 4.1 so

more NaOH was added. After the medium hed been neutralized 4

times in all the fermentation

xyloge present.

stopped, and analysis showed no

Ten days after inoeulation the evolution of gas in the

flask eontaining carbonate had ceased, analysis showed only a

trace of unfermented xylose, the pE of the solution was 5.8.

With this fact in mind another attempt was mede to

determine the optimum concentration of the ammonium chloride,

and the phosphate. Erlenmeyer flasks of 125 cc capacity were

The following media were used:

~ used, conialning 50 co of medium and closed with cotton plugs.

(a) 0.1 g  KpHPO4.3H0

4,0 g Xylose
2.0 g QEBOS
Varylng amounts of NH;01

50 c¢ of distilled water

(b) 0.3 g EE401
4.0 g  Zylose
2.0 g ©aCOg |
Varying amounts of KgHPOg.3Hg0

50 co of distilled water.

In these experiments an attempt was made to adjust all of the
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flasks to the pH of 7, The method used was o makewp twice
the amount of the desired solutions and divide into two equal
portions. To one portion of each solution was added 2 de-
finite amount of rosolic acid and then G.1 ¥ ROH or 0.1 HOl
was added until the color matched a standard solution of
H = 7 which containred the same amount of indicator. The pro-
per amount of KOH or B0l was then added to the other half of
the solution. (The purpose of this scheme was to get around
uging an internal indicator. Hewever, it was found later
thaﬁ rosolic acid was very satisfactory as an lnternal indi-
cator with this organism.) The flasks were sterilized 15
minutes at 15 lbs. pressure, inoculated with 1 drop of a 34
hour culture and incubated at 37°, A%t the end of 12 days the
flasks were analyzed for unused xylose. The results are giv-
en in Table IlI.
TABLED III

(a) Effect gf varying concentrations of NH,C1l on Xylose util~
ized.

(b} Effect of varying concentrations of XpHP04.3H20 on Xylose

utilized.
Flask t NH4CL in gm. : Growth ¢ Unused Xylose )
Bumber ¢ ' : : in gm, £
1 0401 % 2.48 %
2 0.10 + 1,76 !
3 0.30 * 1,50

(a)




Py

- 15 =
TABLE IXX. (Cont'd.)

 Flask 3 FH0l ingm. @ Growth : Unused Xylose )
Number : : in gm. S
4 : 0,70 : - : — (

s : : }

_5 : 1,00 $ - : — (
FIGsK T EKsHPU, . 3H,U : GIowsh :  Unused XylLose )
Kumber - : 8 1n4gg?2 : s in gnm. S
5 : 0,01 : . : 0.93 S

7 : 0,05 : . : 1,15 S

8 : 0,10 : . 1.35 (

9 : 0,50 : . : 2,76 g
10 : 0,70 E + : 2,94 (

For some unknown reaéon growth did not occur in flasks

4 and 5, It was not due %o the concentration of NH401 however

é as shown in the previous experiment, The maximum utilization

of sugar for NH 01 ocourred in flask No. 3 containing O.6%
NH40l. The maximum utilization of sugar for the phosphate oc-

' ourred in flask No. 8 containing 0.03% EgHPO.3Ho0.

In order to check the experiment with the phosphate,

| another experiment was made using the optimum concentration of

NHpCl. The experiment was carried out as before. After 9 days

of fermentation the flasks were analyzed for unused xylose.

i The results are given in Table IV,

{a)

b

)




TABLE IV,

| DFFECT OF VARYING CONCENTRATIONS OF KpHPOp.3Hp0 ON THE AMOURT
- OF XYLO3E UTILIZED,

- Flask

umber %@Q ""‘““?ﬁié?“
1 4 0,005 1.68
2 0,010 1.49
3 0,050 1,20
4 0,100 1,73

From these experiments 1t appears that the optimum con-
centration of NH40Ll is sbout 6 g. per liter, and that of
- EoHPO4.3H2O is about l.O_g. per liter., 1I% would appear that
| the maximun amount of xylose that can be utilized is about 70 g
- per liter. |
| In one experiment in which a large volume of medium
g containing sucrose was used to prepare a larger amount of
? material for investigation,amitapwater was employed instead
é of distilled wéter, there seemed to be a more rapid fermenta-
| tion than with a similar flask where distilled water had been
? used. This suggested that perhaps Hg 804 might be helpful,
To test this experiments were performed using the following

mediasl
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Flask#l.

iy
N
AN
N3

E’Lsg xylose 3.

0.6 g W01

0.1 g\KQHPO4.SHgO

5 g 0a00;
- made Wp %02}00 cc with distilled water.
| Flask#a. 7

Same with asiibion of 0.1 g g 80,.
After 7 cays the contents of ;he flasks were analyzed for xy~
lose. Flask Fo. 1 contained 0.048§Mgm unfermented xylose.
Flask No. 2 contained 0.0 98 58 gm unfermented xylose. While
these recults are too meager to be conclusive the advantage
gseens to be slightly in favor of the'Mg 804 being present,
S0 in the later part of the work it was used in the propor-
tion of 1 g. per liter. No attempt wes made to £ind an opti-
mam concentration because early in the work it had been found
that Ug 005 could be substituted for 0allz as a buffer for
the fermentation. In this connection it was found that the
Mg 005 must be sterilized separately and then added to the
cold medium. If it is sterilized in the medium enough Mg €8z
dissolves %o make the medium sufficiently alkaline to prevent
growth.

The medium a8 finally adopted for the quantitative ex-

periments had the following composition.
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Medium A.

Sugar 20,0 g

§E,;01 8.0 g

EpHPO, . 3HR0 1.0 g

Mg 80,.7H50 l. g

Made upto 1 liter with distilled water.

Q0al0; , precipitated, 10.0 g

The pH of this medium when made up was never far from

7.3, after sterilization it was found that the pH had consist-
ently dropped about 0.3,

B, Qualitative Analysis.

1., Discussion.

Since nothing was known of the nature of the products

A produced by this organism, other than the results of the stand-

ard tests used in classifying 1t, it was necessary to make a
qualitative analysis of the products resulting from the fer-
mentation. As the result of a large number of tests on the
mixtures the following substances have been found: Ethyl al-
cohol, 3-3-butylene glycol, acetylmethyl carbinol, acetic
acid, formlec acid, suceinic acid, l-lactic acid, G0z, Hz, and
butyric acid. The general method used by the orgahic chem-
ist in identifying the compounds in a mixture is to separate

them by varioug physical and chemical procedures, %0 purify
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 them and then to identify them by elementary analysis, de=

ternination of physical constants and preparation of deriva-
tives. In practice this method is somewhat modified in identi-~

 fying the produots formed in fermentatlion, slnce the solu-

tions are dlluted instead of concentrated and some of the pro-

ducts are present only in infinitesimal amounts. In this

- type of work sensitive specific tests are much to be desired.

The compounds or groups of compounds produced are often char-
acteristlc of the species of organism used, in fact this is
one basis of bactericlogical classification. As a result the

usual practice is to first make specific tests for those sub-

 gtances whose presence is suspected. The next step is to dis-
% cover by analysis if all of +the carbon is accounted for. If
- the amount not accounted for is larger than the error allowed

1 by the methods of separation and analysis used a more syste-

matic lnvestigation is necessary. 1In this work it was not

fGﬁndjieaeiﬁle to ferment a large amount of medium and then

{ make all the qualitatiye tests on its contents, for as soon as
* the flask has been opened 1t is subject 0 contamination from
| othet bécteria and molds. Instead, the varlous fractionsre~

i sulting from separation, such as volatile afids, non-volatile
i acids etc., from a number of flasks were carefully examined.

% Finally when the various products were identified, and the

i methods of separation were developed, a qualitative examine
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ation was made for these products on the contents of a single
flask,

At the time this work was inaugurated the price of
xylose was listed at about $100 per pound. For this reason
it was decided to use sucrose when it was desired to obtain
a large amount of some product for closer investigation and
development of anslytical methods. It is well known that as
a general rule the same producits are produced by a given or-~

ganism from any sugar whichit will ferment. The ratio of the

| products produced may or may not vary. To make sure however

that the same products were produced from both xylose and

sucrose, a complete qualitative analysis was carried out on

both sugars,

2. The Identification of the Products Formed from

Xvlose and Bucrose.

The medium used was composed as follows:

KaHPO4 ¢ 3HR0 2.0 g
NaCl 4,0 g
Mg 804 0.2 g
NH,01 6.0 g
Cal05 10,0 g
Xylose 20,00g

¥ade wp to 1000 cc with distilled water.

The medium was placed in a 3 liter Erlemmeyer flask,
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é closed with a cotton plug and sterilized 1/2 hr, at 15 lbs,
? pressure. After cooling to room temperature it was inoculated
| with 5 6c of a 24 hour culture and incubated at 37°.
| A% the end of 8 days the fermentation had apparently
ceassed, so the contents were subjected to investigation. The
. tests were carried out as follows. |

Xylose. A 35 oc portion was tested for unused xylose
by means of .the phloroglucinol method as described in the Of-
ficial Methods of the A.C.A.0. This method is quantitative
- and is based on the transformation of the xylose to furfurol
 when treated with 126 H OL. The furfurel is then determined
:Aby precipitating it as the furfural phloroglucide which can be
| filtered and weighed. No xylose remained unfermented.
| Acetylmethyl carbinol and 2-3-Butylene glycol. The so=

lution was tested for the presence of acetylmethyl carbinal

and 3-3~butylene glycol by the specific %est devised by Lemoigne
(1920) and modified by Kluymer, Donker and Visser't Hoof: (1935).
Both products were found to be preseﬁt, the 2-3-butylene glyQ
 col apparently predominating in amount. The test was carried
out as follows. A 15 ¢c sample of the neutralized solution

| was placed in a 500 o¢ distilling flask,-connected to a water
cooled condenser and mixed with 5 cc of a 45% ferric chloride
solution and 1 cc of 0.5 N acetic acid. Heat was applied agd

10 cc slowly distilled into a test tube. The distillate was
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mixed with 1 cc of a 20% water solution of hydroxylamine hy-

drockloride, 2 cc of a 20% solution of sodium acetate and zbout

| 5 drops of 0% nickel chloride solution. The mixture was then
i boiled for a few minutes. A precipitate of fine red needles
 was formed if acetylmethyl carbinol was present in the original

| solution.

,Thé test 1is due to the oxldation, by ferric chloride,
of the acetylmethyl carbinol to the easily volatilized dia-
cetyl which is distilled off, The diacetyl reacts with the
hydroxylamine to form dimethyl glyoxime which in turn reacts
with the nickel chloride to form the characteristic red imsol-
uble nickel dimethyl gloxime. These transformations can be

symbolized as follows:

 QOHe = C =0 . CH, - 0 = 0 CH, - 0 = N - CH
] | Feclsk 3 | 2 |
. —_— NH30
Oz - C - OH 0Hz ~ 0 = 0"8%g, _ ¢ _w- om
‘ 5 |
Acetylmethyl carbinol diacetyl dimethylglyomime
CH3-C,.=NGOH HO-.N:.-G-GH:.;
HiCl,

CH~Cw Nw 0= Ni~ 0~ NaC - OH
Nickel dimethylglyoxime

| The ferric chloride oxidizes the acetylmethylearbinol but not

the 3-3-butylene glycol. Bromine, in the presence of iron

' salts, oxidizes 2-3-butylene glycol to diacetyl. The glycol

can therefore be tested for in the residue from the acetyl-
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. methyl carbinol test. The glycol, having a low vapor pressure,

is not appreciably lost when the diacetyl is distilled off.

' The test was carried out as follows. The residue fn the dis-

tilling flask was mixed with 15 cc of water, 2 cc of bromine
and 3 g. of solid sodium acetate and refluxed for 30 minutes

on a water bath. The most satisfactory apparatus in which to

'carry out-the bromine treatment was found to be a soil flask.

This consists of an_Erlenmeyer'flask with a ground glass
stopper in which is sealed a straight tube about 100 cm long.
The water jacket of a condenser can be attached to it to make
a water cooled reflux condenser. After cooling to room tem-
perature the solution was decanted from any liquid bromine re-
maining. The bromine in the solution was exactly neutralized
by means of a saturated solution of sodium thiosulfate, using
starch potassium iodide test papers to determine the neutral-
ization point. The solution was then slowly distilled, 10 cc
were collected, neutralized to litmus with NaOH and teéted for

diacetyl as above.

OHy - CHOR gy, OHz - 0 = O
—_—
Fells
OHy - OHOH OH; - G = O
2-3, butylene glycol diacetyl

Alcohol. The remainder of the solution was made dis-
$inctly alkaline to litmus with Ca(OH),, filtered from excess
0al0z and distilled, first at atmospheric pressure, then fi-
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nally under reduced pressure (20 mm at 550 C) until less than
50 oc remained. This distillate was mixed with 50 g NaHB80,; to
hold back the acetylmethyl carbinol, and distilled until about
100 cc remalned. This distillate which was slightly acid due
to the presence of some SQZ,Awas made alkaline with NaCH and
again distilled, using a short fractionating column. The dis-
tillation:was continued until less than 100 cc of solution re~
mained in the distilling flask. The distillate, which was

- neutral to litmus, was mixed with about 25 g of potaseium

 dichromate and 50 cc of concentrated sulfuric acid and then
refluxed for 15 minutes. After cooling %0 room temperature

' the solution was transferred to a distilling flask and dis-

 tilled until about 200 oc remained. This residue was subject~

ed to steam distillation until a 10 cc fraction of the dis-
tillate collected in a test tube did not decolorize one drop

of phenolphthalin in 1 drop of O,1 N NaOH. The acid distil-

late was made up to 1 liter and a 50 oo portion titrated with

0.0811 K Ba(OH), using phenolphthalim as indicator. The amount
required was 19.15 co. 4 400 cc portion, equivalent to

153.2 co of 0.0811 NiBa(OH)a, was then subjected to a Duclaux
distillation as modified by RKnetemann. (See description in
the section on quantitative analytiocal methods.) The resulis

are glven in Table V.
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TABLE V,
DISTILLING CONSTANTS OF VOLATILE ACID PRODUCED FROM ALGCHOL.

Fo. of cc Dis- : cc B.0611 N : % Acid in : % Acid for pure
t11led from : Ba(OH)p re- : Distillate: Acetlc. (Knete-
400 cc, :  quired : - 3 mann).
50 128 : 8.3 : 8.2
100 13.8 17.2 16.8
150 P 1a5 i 266 t__ 361
200 15,2 P 36,5 : 36,1
250 16,3 P an.2 4849
300 i 1840 i 589 i 59.1

The distilling constants, as shown in the table for the acid

- obtained by oxidstion of the alcohol, agree very well with the
} distilling constants for pure acetic acid. OConfirmation was

~obtalned by neutraiizing the remainder of the solution with

HoOH, evaporating to'éggggés and preparing the p- tolulde as
described by Mulliken (1904 pp. 81-2). The p-toluide melted
sharply at 147°, The melting polnts of the p-toluides of the
volatile acids are glven by Mulliken as follows:

Acetic acld, ascet=~p~toluide MeDo 146%-7°
.Propionic aclid propion-p-toluide m.p. 133.5%- 124,5°
N. Bubyric acid butyr-p=-toluide MePe 72359 = 73.5°

This proves ethyl alcohol to be the only volatile alcohol pre-
gent in appreciable quantities in the fermentation mixture.

Volatile Aclids. The residue from the Tremoval of the

neutral volatile products was acidified to Congo-Red paper with




dilute H580, and subjected to steam distillation. The dis-
tillation was discontinued when a fraction of more than 5 cc
of distillate was required to decolorize 1 drop of phenolph-
thalein in 1 drop of O.1¥ FNa®H. The distillate, about 1500 cc,
was made up to0 @ liters and an aliquot portion titrated. 1t
was found that 400 oc were equivalent to 105 cc of 0,0611 R
Ba(OH),. A 400 co portion was then subjected to a Knetemann
distillation. The Tesults are given in Table VI.

| TABLE VI.

DISTILLATION CONSTANTS OF VOLATILE ACIDS

oc Dip%il- : ©0.08611 § ¢ 9 Boid in 3 % Acid for @ % Acid
led from : Ba{OH), re- : Distil- : Pure Formio: Pure
400 co : _guired :__late : (Knetemann)f Acetic
50 P 9.5 : 7.1 ; 4.7 ’% 8.2
100 Y ; 14,9t 10,0 i 16.8
150 : 8,4 5 22.9 ; 6.0 : 26.1
200 P 0.2 i Bl i 32.6 P 361
250 P 10,1 : 413 P 30,5 i 48.9
300 : : 52.3  + 40,1 i 59.1

11.5

The distilling constants in the table indicate that the vola~
tile acids are largely formic and acetic, thoughthe evidence
is not conclusive since these results might conceivably be ob-
talned by a mixture of formic with one of the higher volatile
aclids such as ﬁropronic or butyriec., 7To clear up this point

one half of the remaining acid solution was neutralized with




FaOH and evaporated completely to dryness. The salt obtained
was tested for formates by dissolving part of it in water con-

taining a 1little Hglly, and boiling. A white precipitate of
Hg2012 was obtalned, which under the conditions used is a

- positive test for formic acid. A 1little of the salt was also

boiled with AgNOz. A black precipitate:of metalllc silver
was obtalned showing the pressure of formates. The salt also
reduced alkaline potassium permaﬁganate. (Mulliken 1904, p.83
and Allen I p. 486) The results obtained in the manner des~
cribed are satisfactory proof of the presence of formic acid.
The remainder of the sodium salt was examined to determine the
nature of the other volatile acid radicals by preparing the

p -~ toluides as described above. After several recrystalli-
zations a p~ toluide was obtained which melted at 148°, show-
ing the presence of acetic acid in the fermentation mixture.
These results show thét the only volatile acids present in
appreciable'amounts are formic acid and acetic acid.

Non-Volatile Acids. The residue from the steam dis-

tillation of the volatile acids was extracted continuously
with ether for 72 hours in an apparatus described later. Thé
ether extract was added to about 400 ce of water and the
ether removied by warming on a water bath, The soluiion was
then boiled for a few minutes and titrated hot with 0.25 N
Ba(OH), using phenolphthalein as indicator. The solution,

containing the barium salts of the nou—volétile acids, was
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then evaporated on a water bath to a volume of about 30 cc,

It was then poured into 120 cc of 95% ethyl alcohol and allow-
ed to stand for two days. The barium succinate is quite in-
soluble and precipitates out., Barium lactate is soluble un-
der these conditions., The precipitate was filtered off and
dissolved in about 50 cc of water. A slight excess of Hy8Q
was added to precipitate the barium as BéSQQ and the solution
was filteied and extracted for 48 hours with ether. The ex-
tract was evaporated to dryness and the crystals obtained were
treated with p-toluldine in the manner described by Mulliken
{p. 88). The melting point of the p~toluide obtained was 356°,
The melting point given by Mulliken for succinic acid p-toluide
is 254,50 - 255,59, The orystals of succinic acid when Te-
crystallized from hot water, dried, and mixed with an authentic
samplé of succinic acid did not depress its melting point of
186°, These results prove the presence of succinic acid. The
solution remaining after filtering off the barium succinate was
$ested for lactic acid by both the Uffelmann (1909), and
Fletcher Hopkins (1907) tests. Both tests were positive.

The Uffelmann test was carried out as follows. A& Te-
agent was prepared by mixing 10 cc of a 4% solution of phenol
with 20 cc of water and adding 1 drop of 1% FeGl,. This forms
a clear liquid of an amethyst color, which is turned yellow by
a solution containing lactic acid. According to Uffelmann |
the test is sensitive to 1 part in 10,000 of lactic acid.
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This test is not specific for lactic acid but is given also by
tartaric, citric, malic, and oxalic acids. However, the pre-
sence of none of these other acids is to be exzpected in a fer-
mentation of this type.

The Fletcher Hopkins test was carried out in the fol-
lowing manner. A few drops of the suspected solution, 5 cc
of concentrated HpB0,, and a drop of a saturated CaS0, so-
lution were heated in a test tube placed in a water bath for
2 hours. The tube was cooled and 2-3 drops of a dilute so-
lution of thiophen (50 drops in 100 ec alcohol) were added.
The presence of lactic acid was shown by the formation of a
light cherry red color when the tube was agailn heated on the
water bath. The reaction is due to the formatiom of acetal-
dehyde from the lactlic acid. The color is the result of &
product formed by reaction of the acetoldehyde with thiophen.

Both these tests, while giving a good indication of
the presence of lactic acid, are not specific, so the zine
salt was prepared. The alcoholic solution of the barium
lactate was evapdrated on the water bath to remove the alco-
nol and the barium lactate was dissolved in about 100 cc of
water. The barium was removed by adding the theoretical
amount of 0.25 ¥ HyS0, to form BaS0, which was filtered off.
The solution of lactic acid was then boiled with an excess of
zinc mrbonate and the excess zinc carbonate Iiltered off,

The solution was decolorized by boiling with a few grams of
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the decolorizing carbon known as Rorit and allowed to evapor-
ate at room temperature in the open air. After crystalliza-
tion the salt was dried to constant weight over sulfuric acid
and the percent moisture determined by heating for 3 hours at
103°-5°, It was found that the moisture content was 13%. Th
racemic zinc lactate has three molecules of water, or 18.17%,
while the optically active form oontains:two molecules of
water, or 13.9%. The salt when dissolved in water was found
to be dexiro rotatory when examined in & polarimeter. This
shows that the free acid has a levo rotation.

Gaseous Products. A small portion of the medium con-
taining xylose was placed in an ordinary fermentation tube,
sterilized and incculated with 1 cc of a 24 hour culture.
After the evolution of gas had stopped, on the third day, the
tube was £illed with 25% NaOH and shaken. The volume of gas
deoreased from 9% cc to 4% oc. The gas remaining exploded in
alr when ignited. This indicates that the gaseous product
was composed of ¢carbondioxide and hydrogen in approximately
equal parte by volume.

In examining the products formed from sucrose the
fermentation and analysis was carried out in exactly the same
way as desoribed for xylose. The presence of unfermented
sugar, however, was deter@ined by the reducing power before
and after inversion by hydrochline acid, as determined by the
Shaffer Hartman (1921) method.




C. The Relative Amounts of the Products formed under Aerobic

ang Anserobic Conditions from Xylose and Sucrose.

1, Introduction. Before an exact study of the effect

of environmental change on the amounts of various fermentation
products formed can be made, it willl be necessary to have very
exact methods of analysis for these producté. If the study
were limited to the quantitative determiﬂation of a few se=
lected substances, such as carbon dioxide or unfermented xy-
lose, the problem would be much simpler, for the analytical
methods for these compounds are fairly precise. But with the
analytical methods available a% the present time an exact de-
termination of all the varlous products which are present in
a fermentation mixture, such as results from the action of
Aerobacter faeni on sugar, is impossible.

In view of this fact it was decided to make a study of

the relative amounts of the various products formed under cone
ditions differing in enviromment as much as possible. Hany
organisms are quite sensitive to changes in chemical or physi-

cal enviromment and will not grow except umder conditions

varying within narrow limits. Aercbacter faeni, however, is
a facultative organism growing almost eqﬁally well under both
aerobic and anaerobic conditions. This suggested a study of
thls envirommental change on the relative amounts of the
various products formed.

e Procedure. All of the fermentations were carried




out in the same type of apparatus. Aerolp conditions wers es-
tablished by passing alr through the flask, and for anaerobic
condltions hydr&gen was used., The description of the apparat-
us is as follows. (See Fig. 1.)

A, The fermentation flask, a 2 1 Erlenmeyer.

1, Gas inlet tube contalning a plug of cotton at
the outer end.

é. Gas outlet tube containing a glass stopcock.
3., Tube for introducing inoculum.
| (a) Thick walled rubber tubing.
(b) Sorew clamp.
{c) Qotton plug,
B. Vanier absorption bottle containing 40% KOH.
C. Absorpiion bottle containing 0.5 K KOH.
1. Short plece of'glass tubing filled with beads.
2. Boda lime tube.
B, . Gas washing bottles containing strong KOH,
F. Hercury trap.
1. Tube attached to gas source.
¥edium A (8ee p.18 ) was used throughout the experiment. Be-
cause of the decompogiéion of xyclose at high temperatures in
solutions containing salis, separate sterilization was em-
ployed when this sugar was used as substrate. The fermen-
tation flask containing the medium was placed in the autoclave
and steriliged 30 mim. at 15 1bs, pressurd. During the pro-’

cess the glass stopcock was closed and the screw clamp open.
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After sterilization the flask was connected 0 the remainder
of the apparatus, with the screw clamp closed and the stop-
cock open. A stream of gas was bubbled through the medium
while it conled so that it would be saturated with the gas.
After reaching the temperature of the incubator, (37°0), the
flask was inoculated with 5 cc of a 34 hr. culture. On the
next day, and each day following, the gaé was shut off at

(a) by means of a screw clamp, foreing it to escape through
the mercury trap. The stopcock was then closed and the vanier
bottle removed and welghed to determine the amount of 002 ab-
sorbed. To insure the presence of excess alkali the solution
was renewed after 6 grams of Q02 had been absorbed. After
about 8-10 days, when praqfically all of the 00y had heen
evolved; the aeration was stopped. The flask was then cooled
%o room temperature and 10 cc of 40% 002 - free NaCH added to
1t. The reason for adding the sirong alkali was to make the
solution sufficiently alkaline to prevent any further bacterisl
action. It had one unexpected but very satisfactory result.

A flocculent precipitate was formed, probably magnesium am~
mond um thSphate; wanich, when settling carried down with it
all of the suspended bacteria, leaving the solution perfectly
¢lear. The solid materlial was filtered off and washéd. The
filtrate and washings were made up to 2 liters with 005 - free
distilled water and analyzed by the methods describedvbelow..-
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3. Methods of Analysis used. ¥ach different combination

of products will require a slightly different method of approach
in chemical analysis. In the methods described below only the
substances, which have been found present by the qualitative
analysis, are considered.

Oarbon dioxide. The amount of 005 produced in the fer-
mentation was caloulated after determining the amount absorbed
in the'absorption train, the amount present in the medium and
the amount in the solids which had been filtered off., From
this total was subtracted the amount origilnally present in the
10 g. of 0a00,. The difference was the amount produced from
the sugar. As siated previously, the amount of 00y absorbed
in the vanier bottle was determined by weight. The amount in
the other gas absorption bottle was determined by titrating
an aliquot portion with 0.5 ¥ HOl, using phenolphthalein as
indicator, after the addition of sufficient 2 N Ballp to pre-
cipitate the carbonate, By knowing the value of the blank the
amount of 00y absorbed could be caloulated. The amount of
CO, present in thé fermentation mixture was calculated from
the determination of Q005 in a 300 coraliéuot portion. The ap-
paratus used was that described by Heck (1929). The same ap-
paratus was used to determine the 005 present in the solid
material except that a vanier bottle was inserted between the
abgorption flask and the remainder of the apparatus to take

care of the large amount of OO0 evolved.




Acetylmethylcarbinol, 7wo methods were used in de-
termining the amount of this compound present in the mixture.
The first method was the Kluyver, Donker and Visser't Hoofd
(1925) modification of Lemoigne's (1920) method as adapted
for an analytical procedure by Wilson, Peterson and Frpd (1927).
The determination was carriéd out as follpws. A 200 cc ali-
quot portion of the fermentation mixture was made just acid
to 1litmus with acetic acid and mixed with 20 co of 40h FeGls,
The solution was then slowly distilled until 100-135 co of
distillate had been collected. The distillate was mixed with
10 c¢c of 20% hydroxylamine hydrochloride, 20 co of 20% sodium
acetate and 5 cc of 10% nickel chloride, and refluxed for 15
minutes. The precipitate of nickel dimethylglyoxime was filt-
ered in a Gooch crucible, dried and weighed. Grams of nickel
dimethylglyoxime X 0.6097 agrams of acetylmethylcarbinol.

Apparently no work has been done to determine the com-
pleteness of the oxidation of acetylmethylcarbinol to diacetyl
by FeOlz. Wilson, Peterson and Fred (1937) found that by
starting with pure diacetyl only 70-75% was recovered as the
nickel dimethylglyoxime, Resulis dbtainéd in the present in-'
vestigation indicate that the values obtained for acetymethyl-
carbinol by %his method are consistently about 25% léwer than
the values obtained by the second method, described below.

By comparing these results with those obtained for pure dia- -
cetyl mentioned above, it would appear that the oxidatlon to




diacetyl is complete but that a consistent loss of about 25%
of the diacetyl occurs during the distillation or subsequent
treatment.

‘The second method for the determination of acetyl-
metliylecarbinol is based on the fact, discowvered by Pechmann
and Dahl (1890), that this substance reduces Fehlingls solu~
tion, Klipg"(lBOS) found that the reactlon was quantitative,
the only product of oxidation being acetic acid. He reporied
that 1 gram of acetylmethylcarbinol was equivalent to 2.85
grams of copper when oxidized by an alkaline solution of Cu 0.
Walpole (1911) used the method for the determination of acetyl-
methylcarbinol In fermentation miXturés, he reported that 1 cec
Fehlings solution = 2.48 Mg, of acetylmethylcarbinol. This
indicates that lgram of the carbinol = 3.556 gn. Cu. Pedzer-
son and Breed (1928) used the reduction method but used a
calculated value based on the equation CH,OHOHGOCH; + Cu O
= 3 Cu, O which gives the zatio between cuprous oxide and
aeetylmethyloarbinol as 1 to Q2767 or llgram acefylmethyl
carbinol = 3.285 gQ.Gu, They considered their resﬁlts too low.
Since the reduction value of aoetylmethyléarbinol was not
known for the method of reduction used in thé Shéffer'ﬁartmann
procedure, the value obtained by Kling was arbitrarily chosen.
The method was adapted t0 the present problem by determining
the reducing power of an aliquot portion of the fermentation

mixture using the Shaffer Hartmann method and making a com-
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rection for the amount of sugar and formic acld present. it

is possible that some acetylmethylcarbinol was lost by aeration

during the fermentation.

2-3.,3utylene Glycol. Attempts to determine 2-3, buty-

lene glycol by oxidation to diacetyl with bromine gave very in-
| consistent results, confirming the experience of Donker (1928).
- The method adopted consisted in extracting the glycol and

weighing it. The determination was carried out in the follow-

ing manner,

A 500 cc aliquot portion of the fermentation mixiure

was evaporated under reduced pressure to a volume of aboub

100 ce, keeping the temperature below 45°. The solution was

' thensaturated with Na0l and extracted for 72 hours with ether
in the apparatus described below. (See Fig. 2.)

A. 350 cc Distilling flask.

B. Hopkins Condenser. ‘

C. 250 cc Erlemmeyer flask.

D. ZElectric hot plate.
After the extraction was completed the extract was mixed with
about 20 grams of anhydrous sdium sulfate and allowed to stand
over night. The salt was then filtered out and washed five
or six times with ether which had been dried over sodium. The
filtrate and washings were evaporated to a small volume and
transferred to a weighing bottle. The remainder of the ether‘_
was evaporated and the glycol allowed to attain constant weight







S L

- 40 -

in a desiccator containing concentrated sulfuric acid. The
amount of impurities in the glyool separated by this method
i1s quite small, as was found when this fraction from a large
amount of fermentation mixture was examined. However, it is
necessary that the solution should be gtrongly alkaline as
otherwise some acids will be extracted. When acetylmethyl-
carbinol was found to be present in the fermentation mixture,
the amouht,of 1% present in the glycol extract was determinad
and the correction applied. The determination was made by
dissolving the glycol in water, making up to 100 ce and ex-
amining an aliquot portion for reducingz power.

Sugar. ZXylose was determined in a 50 ¢c portion of
the mixture by the phloroglucinol method. Bucrose was cale
culaﬁed from the difference in reducing power before and af-
ter inversion. Inversion was accomplished by mixing 50 cc of
the mizxture, which had been made just acid to litmus with
HOl, with 5 cc of Oonc., HO1l and allowing it to stand 34 hours
at room temperature. The solution was then made just alka- .
linet litmus with strong KOH, made up to 100 ce and an ali-
quot portion titrated by the Shoffer Hartmann method. In
carrying out the reduction the method of heat control, using a
manometer, which is described by Morrow (1937, - pp; 152-200)
was used. '

Bthyl Alcohol,  Yost of the methods in use for the .

determination of small gquantities of ethyl alcohol are based
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on its oxidation to acetic acid by means of K,Crp0. and HyS04.
The usual procedure is to distill off the alcohol from a
neutral solution, treat the distillate with a mixture of
potassium dichromate and sulfuric acid and distill with steam.
The acetic acid in the distillate is then titrated with alkali.
Dox and Lamb {1916) modified the method so as %o determine the
alcohol in‘a small sample of solwtbtion. Their modification
consisted in removing the alcohol from a dilute alcoholic so-
lution saturated with ammonium sulfate, by passing air through
i%. The alcohol wmpor was absorbed in conmentrated sulfuric
acid. The acid containing the alcohol was then mixed with
Ko0r20y and steam distilled as described above. Tomoda (1229)
modified the method of Dox and lamb by saturating the solu~
$ion with sodium bisulfite instead of ammonium sulfate, mak-
ing possible the determination of ethyl alcohol in the presence
of volatile aldehydes and ketones. This method did not prove
satigfactory in the present investigation because the very
small sample (5 cc out of 3000 co) introduced a large error.
The methd& finally adopted was as followss Two hun-
dred cubic centimeters of the fermentation mixture were mixed
with 35 g. a0l and slowly distilled, using a fractionating
column to keep back the 3-3, butylene glycol. 4 few pleces
of porous plate were used to insure even boiling without
superheating. About 125-150 cc of distillate were collected,
The distillate was made up to & volume of 200 co with 005 -
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free distilled water, and an aliquot portion examined for the
amount of acetylmethylcarbinol present. A 50 c¢ portion of the
distillate was then placed in a 150 cc pressure bottle with 10
grams of E;@ra0s and 30 cc of 50h Hp80;. The Bottle was then
placed in boiling water for 20 minutes. After cooling, the so-
lution was subjected to steam distillation. Each 100 cc por-
tion of distillate as collected was titréted with 0.0611 K
Ba(OH),, using phenolphthalein as indicator. The distillation
was discontinued when the 100 c¢ portion of distillate ree
quired less than 0.5 o¢ of alkali., This titration gave the
total amount of zretie acid present. From this value was sub-
tracted the amount of acetic acid résulting from the oxidation
of the acetylmethyloarbinol. (1 Mol acetylmethylearbinol =
2 Mols acetic acid). The interference of acetylmethylcarbinol
in this determination is s factor that has been disregarded
or overlooked by many workers in this field.

Yolatile Acids. As the result of the qualitative

analysis, it was found that the volatile acids to be deter-
mined were formic and acetic. Any method for these acids can
be no more exact than the method used for separating them from
the non-volatile acids. There have been several methods sug-
gested for the determination of formic acid based on 1ts re-
ducing power, such as that of Klein (1906) in which the
neutralized acid is titrated with XinOy, and the method of
Fincke (1913) based on the reduction of Hgllp fo Hgo0l, which
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48 filtered and weighed. These methods could not be used con-
veniently in the présent investigation, due to the interfer-
ence of acetylmethyloarbinol which reduces both KMnO, and

Hg O1,. ’

The method adopted in this work was a combination of
the modifications of the Duclaux distillation suggested by
Knetemann (1928) and Virtanen and Pulkki (1828). The distil-
lation constants and the method of manipulatioh were those of
Knetemann, the method of calculating the relative amounts of
the volatlle acids present was that described by Virtanen and
Pulkki. The original articles should be consulied for the
theoretical treatment and the essential detalls of apparatus
and technic. The method is firly precise for two volatile
acids but much less so for three.

The determinatioh was carried out in the following man-
ner. A 500 cc portion of the alkaline fermentation mixture
was evaporated to a volume of about 300 cc, made acid to
Oongo Red paper with 35k Hy 80, and steam distilled. The in-
dicator paper was left in the solution and 1f, as sometimes
occurred, after a few minutes the paper'turned Ted, sufficiehﬁ
acid was run in through the steam inlet tube to turn the pa~-
per blue again. The distillate was collected in a 3 liter
flask. After 1200-1500 cc had distilled over, at intervals
the flask was removed and the distillate collected ipa test -
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tube containing 1 drop of 0.1 N alkall., When more than 5 co
of distillate were required to decolorize the indicator, the
distillation was stopped. The distillate was then gently
boiled for 15 minutes under a water cooled reflux condenser at
least 70 cm. long, fitted at the top with a soda-lime tube, to
drive out any dissolved COgy. The contents of the flask were
allowed to cool in the apparatus and theﬁ made up to @ liters
with CO,-free distilled water. A 50 cc portion was then ti=
trated with 0,0611 K’Ba(OH}Z to determine the total acidity,
using phenolphthalein as indicator. A 400 co portion of the
acld solution was placed in the distilling flask with 2.5 g.
of granular pumlce stone, and distilled at the rate of about
50 e¢¢c in 12 minutes. ZXach So'cc portion as collected was tl-
trated with 0,0811 N Ba(OH),. The distillation values calou-
lated for the pure volatile acids by Enetemann are giver in
Table VII.
TABLE VII. |
DISTILLATION VALUES OF THE PURE VOLATILSE AGiDS ( KNETEMANN)

£§§;e55 % Acid in Distillate
from 3 i’omic;ﬂcetic: Propi-:s Butyric tValerio sUaproic: Ugprylic
400 sécid :dcid ¢ onic : Acld :Acid sAcid ; Acid
ot H 4 Acid 3 H H 2

50 : 4.7: -8.,2% 15,9 : 233.0 : 33.8: 42,1 ;: 63,1
100 : 10,0 : 18,8 3 31,0 : 42,7 : 58463 69.0 3 91.9
150 : 16.0 : 36,1 3 45,6 : 60,0 : 78,4 : 85.4 : 98,3
300 5 32,8 ¢ 36.1 3 59,3 & 74,0 : 88,3 3 94,8 3 99.8
350 3 30,5 : 46,9 & 78,1 3 85,3 : 95,2 : 98.3 : 100.0 _
300 : 40,1 : 59,1 2 83,5 : 93,3 : 98,6 : 99,7 : -
350 2 53:7 % 73.9 3 93,3 ¢ 98.3 : 99,8 ; 100,03 -
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The amount of each acld present is calculaied by means
of the followlng equations:
3{*_3 =2
5 _

where A = To. ¢c of acetic acid
B = No. co of formie acid
% = total acidity of 400 cc portion in terms
of the alkall used.
'ng-Nb. cc of alkali required for 200 cec.
a = distillation value for 300 cc pure acetic
b = distillation walue for 300 cc pure formic
The distillation walues obtalned for each of the four
fermentations are given 4in Table TIIT.
| TABLE VIII,
THE DISTILLATION VALUES OBTAINED FOR THE MIXTURES OF VOLATILR
ACIDS PRODUCED BY FERMENTATION.

ce f Xylose Sucrose
Distilled : Aeroblc § Anaerobic : Aerobic ! Anaerobio
50 82 4+ 1.7 '+ ewm i w5
3003 12.8  + 28,0+ 125 i 15.4
150 i 9.7 i 343 i 18.8 i  33.6
200 ; 37,0 : 4.7 4 289 & 332

Byucomparing these values with the values for the.pure-acids“
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it is evident that the only series which does not lie beiween

the values

for formic and acetic acid is that obtained in the

anasroblc xylose fermentation., The high values indicale the

presence of some acid higher than acetic, and the character-

istic odor

of butyric acid was very evident. In this experi-

ment the amount of bubyric acid was calculated from the follow-

A

t
al

- 4ing equations:

+4B+0=12
/100 4 ¢ '/100 B + ¢*/100 G = 2,

a/100 4 + b/100 B + ¢/100 ¢ = 2,

~here
A
B
C

g

A

a%
‘bl
ot

2y

= No., cc of acetic acid.

= No. cc of formic acid.

= No. cc of butyric acid.

= total acidity of 400 ce portion in terms of
the alkall used.

'+ = No. oo alkali required for 100 cc of distillate
2,

= Ho., cc alksli required for 200 cc of distillate
= distillation value for 100 cc pure acetic.

= distillation value for 100 cc pure formic.

= distillation value for 100 ecc pure butyric.

b, ¢ = corresponding values for 200 cc.

Eoanolatile Acidg., The residue from the steam dig-

tillation of the volatile acids was mixed with about 15 grams-
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of NapB804 and extracted with ether for 73 hours in the appar-
| atus previously described (Fig. 2). The ether extract was then
mixed with 400 cc of distilled water and the ether evaporated.
The solution was then boiled for about 10 minutes and titrated
while hot, with 0,2487 N Ba(OH, using phenolphthalein as indi-

-

cator, The solution was then carefully evaporated t0 a vol-
~ume of about’ 100 cc, and then mixed with 400 cc of 956 ethyl
alcohol. .Afterstanding for 2 days the precipitate of barium
succinate was filtered off in a weighed Gooch orucible, dried
~ for an hour at 100°, cooled in a desiccator and weighed. One
gram of bariuvm succinate = 0.4657 grams of succinic acid. By
knowingkthe total amount of Ba(OH)z required for the non-
volatile acids, and the weight of barium succinate, the amount
of lactic acid can be calculateﬁ by difference.

4. Results of anglysig. The resulis obtained in the

analysis are given in Table IX, which glves the amount of the
substance produced in grams and the percent yield based on the
| carbon content. The values obtained from each sugar under
aerobic and anaerobic conditions should be compared rather
than thevvalugs for xylose and sucrose. The reason for this
is that the two xylose fermentations were run parallel as

were the two sucrose fefmentations., It will be noted that no
butyric acid was found in the anaercbic sucrose fermentation
vhile 4.4 was obtained in the anaerobic xylose fermentation. -
This difference is believed to be due, not to an inherent dif-
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TABLE IZX.

ANAEROBIC CONDITIONS FROM XYLOSE AHND SUCROSK,

: Xylose : Sucrose
: Aerobic ;Anaercbic : Aercbic :  Anaerdbic
‘Orams, % ‘Crame’ % ¢ Oraps; ¢ . Grams : &
00, 112,10}41.3; 7.78126.5,16.439}53. 5: 10,550 : 34,2
2-3,Buty-. : o HE .
lene Glycol @ 2.11"14.1:_ 2. 73 18.3: 3, 084 189,33 3,331 : 21,0
hoctylmethyle- ¢ 1 P P :
carbinol H 0052: _5_2‘5: 0005: 0033 10288: Se.4: 0,113 ¢ Qe 7
Zthyl T s s :
Alcohol : 1,26t 8.2; 2,58:16.8: 2.358:14.1: 3.862 : 23,9
Formic Acid : 0.78: 2.5: 0.14: 0,53 0.437: 1.3: 0.534 : 1.8
Aoetic Acid & 0.48: .41 1,05 5.3: 0.205: 1.0: 1.357 i 6.4
: : . H H H H H
Butyric Acid: None: 0,0: 0.65: 4.4: None : 0,0: None® : 0.0
Lactic Acid i 0s33: 1.1: 2,58;12.6: 0.455: 2,3 2,858 : 13,6
Succinic ¢ 0.34% 1.7: 0,09: 0.5: 0,333: 1.6& 0.534 1 2.6
Acid s 3 s i : s :
Sugar Unuseds 0s00% 0.0i 0,00 0,0% 0,005: 0.5: 0.000 & 0.0
: 745 53 2 /044 Fy 4 0

% This may have beendue 0o & slight difference_iﬁ,
technique. The medlum was aerated for about three hours after

cooling instead of during the process of cooling.

ference in the two fermentations but to & differenoé in tech-
nic used. In the xylose fermentation the medium was cooled

while the hydrogen was passing throughit, while in the su-




crose fermentation the solution was cooled before belng aer-
| ated with hydrogen.

The results in the table show that the relative amounds
of certain of the producte are different when formed under aer-
obic and anaerobic conditions. BSome of the differences are
not believed to be of special significange begause of analyti-
~eal difficulties and variations in individusl oultures. The
last point has been partioulerly emphasized by Pederson and
Breed (1928). Awong the significent variations the following
may be noted. Regardless of whether the sugar fermented is
xylose or sucTose, anaeroblc conditions decrease the production
of G0s and acetylmethylocarbinol, while the yields of 2-3, buty-
lene glycdl, ethyl alcohol,zcetio acld and lactlc acid are in-
creased. The increase in production of lactic acid is es-
peclally siriking.

1% is apparent that when organisms of the type of

Aerobacter faenl are wsed in the large scale production of 2-3,

butylene glycol and lactic aeid, anserobic conditions will
give much higher yields.
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V. DISOUSSION

The fact that only the substances mentioned in the pre-
ceeding sections have been identified does not preclude the
possibility of other substances being present in very small
amounts. Undoubtedly other chemicals are present, some, as
end products of the fermentation, more, however, as intermed-
jary compounds whose presence is transient. A study of the
latter compounds is of utmost importance in explaining the
mechanism of the fermentation process, However, a study of
the mechanism of fermentation is beyond the scope of this in-
vestigation. It may be mentioned in passing that any theory
as to mechanism to be acceptable must satisfactorily explain
the variation in amounts of individual products with changes
in environment such as has been found in the present investi-
gation.

In connection with the qualitative analysis there are
several points which should be subjected to further study;
Walpole (1911) found that the 2-3, butylene glycol produced by

Bacillus lactis aerogenes from sugar was a mixture of several

isomeric médifications; His results led him to believe that
the mixyu}e was composed of 90% of an optically inactive form
whose diphenyl urethane derivative melted at 199.5°, but his
experiments gave no indication whether this inactive form was

the memo~- or racemic-isomer. From the other 10% of the mix~
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ture he obiained amother insctive form which gave a diphenyl
' urethane with a meliing point of 15‘?0. 8ince his glycol pre-
parations were optically active, apparently some of the opii-
cally active isomer was present, Boeseken and Johen (1928)
made a very complete study of the configuration of the. 2-3,
butylene glycols. They examined a'sa.:_:;plg of the glycol pro-
duced by fermentation and found that 1% was composed of &
large prbiaortion of the meso-isomer and small amounts of ths
optically active and racemic forms. The nature of the 3-3,
bubtylene glycol produced by I»erobaoter L___ should be studiad
along similar lines. Another point to be oleared uwp is the

opticel activity of the acetylmethylcarbinol produced in this
fermentation. 4 third problém to be investigatedis the ex-
amination of a large amount of the lactic acid produced by
Aercbacter faeni to discover whether or not the levo-isomer is
the only one ’presen‘t.

In oonngcticri with the quantitative investigation, a
determination which should be made is the ratio between the
amounts of carbon dioxide and hydrogen, under both acrobic and
anserobic conditions. It was omitted from the present work
because of the procedure which was used in maintaining an-

aerobic conditions.




-52 =

VI. SUMHARY,

It has Deen shown that Aerobacher faeni grows well on a

simple medium containing ammonium chloride as the sole source
of mitrogen. A qualitativemalysis has shown that the same
products are formed from both xylose and swerose, The pro-
ducts which have been identified are scetymethyloarbinol, 3-3,
butylezie glycol, ethyl alcohol, formic acid, acetic acid,
butyric aaid,~1-lactic acld, suceinic acid, hydrogen and car-
- bon dioxide. The relative amounts of these products (except
hydrogen) produced under sercbic and anasrobic conditions have
been studied., The results show that the amounts of certain
produsts do depend on these conditions. It would appear that
when organisms of the fype of Aerobacter faenl are used in the
large scale production of 3-3, butylene glycol or lactic acid,
anaerobic conditions will give much higher ylelds.
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