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I, INTRCDUCTION

One of the flelds of research now cecupying the attention
of meny agencies is the utilization of agricultural products,
including the so-called wastes, as raw matsriaels for the manu-
facture of industrial chemicsals., From a chemieal viewpoint,
the prinecipul surplus consists of the carbohydrate materials.
The carbohydrates lend themselves admirably to elaborction into
useful chemicals by means of fermentation processes. This
process of the production of chemicals by fermcntation has been
described thus by Fuluer (1930): "From a chemlcal viewpoint,
Zymology &fermentation) deals with catalyslis (or rather auto-
catalysis) im heterogencous system. Industri:zl cetalyses and
zymotechnical syntheses differ in that In the former case the
catalyst, usuzlly a simole type of chemioal, is manufactured
outside the rescting mixture and then added to the reactant or
reactants under eontrolled conditlons. In the latter processes
the eatalysts, the enzymes, are mznufacturcd during the course
of the reaction. This involves a knowledge of the nutrition and
the churacteristics of the organism gnd the conditions under
whiceh it will produce in the highest degree the particular
catalysts required.****°***°*** The oroblem resolves itself into
the bringing together of the right organism or organisms and
the right medium under optimum conditions",

In the paper under consideration, a teble is presented,
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based upon compilations of Buchanan and Fulmer (193CG) and Pulmer
and Werkmsn (1930) showing the fermentative inter-ralationships
of the mloroblologlical dis: inilation products of the carbohy-
drates. Forty-=eight chemicsls are listed. An examination of
this list shows that only a very few have been commercially
exploited or systematically studlied with & view to their largs
scale production. One of the most striking of reoent develop~
ments 1s the large scale produetion of butyl aleohol and acetone
by fermentation. |

Of the chemicals listed, attention has been directed in
these laboratories to the development of methods for obtaelning
maximum ylelds of 2,3«butylene glycol. Preliminary studies
were made by Breden (1930) and Breden snd Fulmer (1930) on the

action of Aerobacter faeni upon xylose and sucrose. Since

there are large quantities of pentosans in the agricultural

wastes, xylose was jincluded in order to obtain Information on

the utilization of the pentose sugars, The authors found that

the products formed from the two sugars are preoWhceally ldenticasl.
The purpose of this thesis was to extend these preliminary

findings with special reference to the production of meximum

yields of &,3~butylene glycol.



IXI. GHISTORICAL CURVEY

i There are many papers in the litersture involving the
determination of 2,3=-butylene glycol =nd acetylmethyl carvimol;
most of these determinations were gualitative and incidentsal.
Hence, there will be briefly reviewed only those gommunioations
in which guantitative data were obtained under standardized
conditions.

One of the earliest references is th:t of Péré (1896), who
identified acetylmethyl carbinol as produced from mannitol by

B, subtilis and B. mescntericus wvulgatus, and from dextrose =nd

glycerol by Tyrothrix tenuis. Grimbert (1901) 1dentificd thils

chemicel os produced from varlous sugars by B. tartricus,

Desmots 11904) proved this materisl to be produced from various

substrates by several bacteria ineluding B, mesentericus

vulgatus, B. fuscus, B, flavus, B, ruber, B, subtllis and

Tyrothrix tenuis.

Harden and Welpole (1906) were the first to prove the
&
production of acetylmcthyl carbinol and 2,3—butyf%ne glycol by
baeterial action on sugars. They found that about 27.2 por cent

of the dextrose fermonted by B. lactls aerogenses, under» anasero-

bic conditions, was converted into 2,3=butylene glycol. Jalpole

{1911), using B. lactis aerogenes in a nutrient medium containing

5 per cent sugar (dextrose or levulose), under anaerobic condi-

tions, obtuined yields of two opticully active forms of the
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glycol, the diphenylurethan derivatives melting at 199.5° and
lS?gC., regpectively, with the former composing about 90 per
eent of the mixture. Kight grams of the c¢rude glycol were
obtained, presumably from a liter fermentetion.

Thompson (1911) obtained 9.5 grams of £,3-butylens glycol
from the anaseroble fermentation of glucoss by the organism

B. closcae; the bolling point of the fraction was 178°-184°C,

The medium contained 5 per cent glucose, 1 per cent peptone and
1 per csnt calcium carbonate and was allowed to ferment at 37°C.
for © weeks, Ilarden znd Norris (1912) found thst B. eoli
communis converted 33 per cent of the dextrose into the glycol,
calculated on the basls of sugar carbon.

Lemoigne (1913) found that the relative amounts of 2,3-
butylene glycol and acetylumethyl carbinol varled with the tine
of ferumcntation. The ratio cf carbinol to glycol was &60 to
1718 at the end of 3 days, and 2% the end of the seventh day
was 5772 to 5371, Date cutuzincd by Harden snd Norris (1913)

showed that iserobacter aerogenes converted 9.9 per cent of the

— glycerol usded into I,3-butylecne glycol, the fermentation taking
place under aneerobic conditions. Lemoisme (IQHSizraported

the setion of three strains of the Beelllus proteus group upon

dextrose. The amounts of the carbinol and glycol in milli-

grams per llter produced after various time intervals were
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3 days 6 days 15 days
Acetylmethyl carbinol 16 60 110
2,3-butylene glycol 60 140 50

Breden and Fulmer (1931l) studied the fermentation of

suocrose and xylose by .Lerobacter faeni. The yields of glycol

and carbinol may be summarized ss follows, in terms of grams of

gach chemicszl produced per 1U0 grams of sugar fermented:

P
‘

Ziylose Sucrose
aerobie Anaerobic .ueroble anaerobic
2,3~butylene glycol 10.5 13.7 15.0 16.7
Acetylusthyl earbinol 2.6 0.2 6.4 0.5

Verheve (1933) found the organisms aerobacillus polymyxa and

Aerobact-r aerogenes especially active in the production of 2,3«

butylene glycol from sarbohydratecs,

Brockman (1933), in studying the oxidation-reduction
potentials of biologlcal systems, obtained ylelds of 2,3-butylens
glycol as high as 64.9 per cent of the dextrose used., This was
caleulat:d as molar conversion and is equlvalent to 32.45 grans

of glycol per 1C0 grams of dextrose., The organisms Aercbacter

salicinovorum and aderobacter decolorans each guve yilclds of the

glycol as high as 64.6 per cent, and Aerobacter incologenes

gave yiclds es high as 64.9 calculat:d on the molsr basls.
The production of 2,3~butylcne glyeol and acetylmethyl

carbinol by the azction of ycast upon various substrates has been
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studied especially by Neuberg and Reinfurth (19:23), Neuberg
and Hosenthal (1924), Kluyver and Donker (1924), Neuberg and
Gorr (1924), Heuberg and Simon {(1925), Xluyver, Donker and

visser't Hooft (1925), Elion (1926), and others.



' III, DESCRIPTIOH CF WrnTHCDS

1. The cultures

Aes aercobacter faeni

 This orgenism was isolated and identified by Burkey (1928)
in his studies on bacterias attacking oonstituents of the corn-
stalk,

Burkey describes the organism as follows:

"Non-motile rods, l.0. broad and 1.0x %o 3,04 long, con-
forming to the generio diagnosis. 4acid and ges produced from
the mono- and dl- saccharides, including melezitose, from
pentose sugars, raffinose, rhaanose, trehalose, salicin,
aeseulin, all the alecohols exsept erythritol, from glyocogen,
soluble starch, znd pectin. No fermentation from emygdelin,
inulin, or the puntosans. 4acid and ges in litmus mlilik. Indol
produced., Gelatin not liquefled. Isclat«d from hay infusion".

The gencrie diagnosis of Aerobacter is glven by Yeldin

(1927) as follows:

"iotile or non-motile, non-sporeforuing rods, fermenting
both glucose and lactose with both acid and gas. Produce acetyl-
methyl-carbinol (Voges-Proskauer reaction positive); reverse
the reastion of 0.5 per csnt glucose-phosphate-peptone solution
r.latively rapidly; generally able to utilivze urie acid as an
available souree of nitrogen. Pathogenleity usually slight or
absent”,

B, serobacter nmotorium

This organism was also isolated and characterized by
Burkey (1928) as follows:

"liotile rods, O.G{u to 0.8 by 0.8&3 to 2.0 4 in size
conforming to the gencric diegnosis. acid and gas produced trom
the common hexose sugars, the di-saochaerides, raffinose, rhamnose ,
trehslose, and the pentose sugars. The aleohols are fermented
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with the exception of glyecerol and erythritol. Pectin is fer-
mented. A4cld and gas ls produccd from many glucosides, but there
1s no fermentation of the poly-saccharides. Amygdalin is not
fermented. Litmus milk is fermented with the production of acid,
gas, a cosgulation and reduction of the litmus. Indol 1is
produasd. Gelatin is not liqueficd., 1Isolated from rotted
potato”.

C. Aerobacter pectinovorum

This orgenism was isolated and deseribed by Burkey (1928)
as follows:

"Non-motile rods, 0.8 w« broad end 1.0 to 3.04 long, con-
forming to the generlec diagégsis. 4celd and ges from the mono=-

and di-saceharldes, pentose sugars, raffinose, rhamrnose, trehalose,
salicin, aesculin, glycerol, dulcitol, and other alechols, but

not erythritol, glycogen, most poly-sacchuarides and peectin,

Ko ferauentation from mclezltose, amygdslin, or pentosen., icid

and gas produccd in litmus mllk. Indol is produced. Gelatin is
not liquefied., Isolated from cresk water®.

Cultures of the three organisms just deseribed were kindly

furnished by Dr. C. H. ‘Verkman of the Department of Baecteriology.

D, Aerobacter cloacae

Cultures were obtained from the Americam Type Culture
Collection.
The characterization given by Weldim (1927) for this

orgenism is as follows:

"i:otile rods, 0.0 to 1.0 4 broad by 0.8 to 2.0 long,
conforming to the generic dlagnosis. Suecrose is fermented
with acid and gas production; glyeerol, starch, dulcitel and
inositol are rarely sttacked end adonitol is not fermsnted.
Gelatin is usually liquefied. 4ndol is usually produced.
Litmus milk is acidified =nd coagulat.od, Originally isolated
from sewage, Found in thc alimentary tract”.



Burkey (1928) suggested the following moulfication to the
above diagnosis:

"kotile rods, 0.5 to 1.0 « broad by 0.6 to 2,04 long, con-
forming to the generie diasgnosis. Aeld and gas produced from
sucrose, maltose, raffinose, galactose, erabinose, and mannitol.
No fermentation of glycerel, dulcitol, inositol, adonitol,
salicin, and inulin. Gelatin liquefied. Indol is produced.
Litmus milk is acldifled snd coagulated. Originally isolated
from sewage. Found in the alimentary tract”,

L. Aerobacter aerogencs

This organism was furnished by the simerlesn Type Culture
Collection. It was described by Weldin (1927) as follows:

"A non-motile rod 0.5 to 0.8 broad by 1.0 to 2.0 long,
conforming to the generie diagnosis. Acid and ges are formed
from suocrose, glyeerol, inositol, adonitol and usuelly from
staroh; duleitol is not attacked. Gelatin is rarely liquefled.
indol 1is rarely formed. Litmus milk 18 made acld and coagulated.
The orgaunism 1s “ound im the alimentary tract of man end animals
and widely distributed in nature®,

Burkey (1928) suggested the above be modified as follows:

"A non-motlile rod, 0.5 to 0.8 «# by 1.0 to 28,04 1in size,
conforming to the gener{c diagnosis, A4cid and gas are prodused
from sucrose, maltose, glycerol, inositol, adonitol, mannitol,
salicin, and asesculin; duleltol, inulin, glycogen, and
mclezitose are not fermented. Geletin 1s not liqueried. Indol
is not formed, Litmus mllk is made acid and cosgulated. The
organism 1s found in the alimentary tract of nmen and enimels
and is wldely distributed in nature©,

2« The Preparation of Ledia

Since each series of experliments usually involved but one
veriant, the medium was prepsred in one large container and

aliquot portions taken “or each of the various medla. It was
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then a simple matter to add to eaclh medium the desired anount
of the variable constituent, and to dilute cach to & dsfinite
volume. This procedure had the advantage of ylelding medla
exectly identiecal except in regurd to the variant.

Zrlenmeyer flasks of 500 ce. oapacity, closcd with
cotton plugs, were used as contulners, After the medla were
ad justed to the dosired pH, they were sterilized at 15 lbs.

pressure for 30 minutes.

S5. Hethods of Analysis

2, 3-Butylene glycol. The first method umed for the

determinati-n of 2,3-butylene glycol was the ether extraction
method desceribed by Breden (1930). This procedure, however,
was tou laborious to yield 1tself well to the analysis of a
large number of samples. Loreover, & method of elimineting o
troublesome emulsions that sometines formed was imperstive. |
After considerable experimentation, these objections were over-
come by means of the following method:

To eaolh flask, after fermentation was completed, as
evidenced by the cessation of the forzation of acld, was added
11/2 ce. of 12 N sodium hydroxide. The alkall caused =&
precipitation of suspended materisl, inciuding bactcrlia, leaving
a c¢lear sclution for analysis. 4 20 ce. portion of the elear

supernatant liquid was placed, together with 21 grams of powdered



potassium carbonate, in a glass cxtraction tube which was so
constructed that it, tog.ther with a small funnel, could be
suspended from an i. . To k. extraction ajparatus, and hence
was adapted for the continuous extraction of liculds with an
immiscible solvent. Stirring the mixture until all the salt

was dlssolved gave approximately 26 cec. of a saturated potsssium
carbonate solution,

The temperature of the water bath was so regulated that
about 2 drops of ether condensed each second (45-50°C.), end the
extraction was continucd for § days at this rate. This pro-
longed extraction was found advisable for eomplete reuwoval of
the glyeol. The ethor was then evaporated at 45~50°G. and the
flask allowed to stand un-stoppered until attaining constant
weight (about 15 hours). The amount of impurities in the glycol
separated by this wmethod is quite small, as was found when this
fraction Irom a large anount of fermentation mixture was examined.

By the use of some carefully fractlonated and remarkably
pure glycol (B.P. 182.5°C. corrected), data were obtained on
the readings of a dipping refractometer in various soncentrations

of the glycol in water (Table I).
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Table 1.

Dipping Refractometer HReadings for 2,3-Butylene Glycol at
Various Concentrations at 25°C,

Grams of Glyecol plus 100 Refractometer Reading

GC. WaLEer ;
0 : 13.26
1.0 : 16.19
2.0 : 19.12
3.0 22,05
4.0 : 24.98
5.0 29,91

It 18 evident that the refractometer reading is a linear
function of the conccntratlon of the glyecol. In order to check
the gravimetrie method, 20 cc. of water were added to the
welghed residues from the‘extractions, and the solutions were
analyzed by the refractometrie method. In general, the
rofractometric methods give somewhat lower results then those
obtained by weigiing. In the duta presented in this thesis, the
yields of the glycol recpresent the average of the values obtained
by tﬁe two prosedures.

The purified material extracted by the above nethod was
characterized by the specirfic test devised by lLemolgne (1920)
and modified by Kluyver, Donker and visser't Hooft (1925). The

test was carricd out as follows: Aibout 2 drops of the glycol



were mixed with 195 cc. of water, Z co. of bromine, 5 ce. of a
45 per csnt ferrle chloride solution, 1 cc. of 0.5 N acetic
acid and 3 ge. of s0lid sodium ascetate. This solution was
refluxed in a soil flask Tor 20 minutes on a water bath., The
soll flask conslsts of an Zrlenmeyer flask with & ground glass
stoppsr in which is sesled a straight tube about 100 cem. in
length. The water Jackect of a condenser can be attached to it
t0o make a watoer cooled reflux condenser. Aafter cooling to
room tenmperature the solution was decanted from any liocuid bromine
remaining. The bromine in the solution was exactly neutralized
with a saturated solution of sodlum thiosulfate, using starch
potassium icdide test papers to determine ths ﬁeutralization
point. The sclution was then slowly distilled, 10 ce, were
¢ollected and neutralized to litmus with sodium hydroxide.
This was mixed with 1 ce, of a 20 per ocent water solution of
hydroxylamine hydrochloride, 2 ce, of a 20 per cent solution of
sodium ssetate and about o drops of a 10 per cent nickel ehloride
solution, The mixture was then bolilled for a few minutes, A
preciplitate of fine red necedles was formed, showing the presence
of 2,3-butylene glyeol in the original solution.

The test is dus to the oxidation, by bromine in the
presence of ferrie 0hlor1de, of the 2,3~butylene glysol toc the
easlly volatilized diacetyl which is distilled off. The dlacetyl

reacts with the hydroxylamine to form dimethylglyoxime which in
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turn reacts with the nicksl chloride to form the charecteristie
rod insoluble nickel dimethyleglyoxime. These transformstions

g¢zn be represented as follows:

H
CHy = C -~ QH CHy = C = ¢ : CHy - C = K - CH
I Br | NH, OH I
) i ot ALL N
CHy -« C - 0OH CHg « C = 0 CHy « C = N - QH
H
2,5=Butylene slacetyl Dimethylglyoxinme
Glycol
Clig = Cw I @ U = NL -0~ = ( - Ci
HiCl, ! I
- Clig = C = N - QU HO -« N = O - CH,

Flekel Dimethyl:slyoxine

anslysis of Unfermented Suerose

Samples of the modium containing 12 per cent of sucrose
were hydrolyzed for various periods of time with varying
concentrations of hydroechloric sold. The rcducing sugars
were determined by the Shaffer end Hartmann (1920) method.

The most satisfactory pfocedura was found to be as follows:

A 5 co. sample of the feramcnted medium, clarirfled cs noted

above, was diluted witﬁ 33 cc. of water and 5 ec. of concentrated
hydrochlorie acld. The solutlion wus heated at 75°C. for 9
minutes, cooled guickly to 2090., and ilmmedlately neutralized

by the addition of 5 c¢o, of 12 N sodium hydroxide. The reducing

sugar was then determined.
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Determinatidn of acld Troduced.

Each fermenting medium wes adjusted daily to a definite
pH by the addition of 1 I sodium carbonate solution under sterile
conditions. Thes total acid produced is expressed in terms of

the total amount of the sodium carbonate solution added during

the course of fermenistion.
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IV. THL LFFICT OF CHEMICAL :ZNVIRONMENT UPON
Ti YILLD OF 2,3-BUTYL.NE GLYCOL

1. General Discussion

In developing synthetie media for the growth of yeast,
Fulmer, Nelson, and Sherwood (1921) end Sherwood and Fulmer
{1926) systematically varied the concentrations of the salts
used in order to determine optimum conditions for growth at the
given temperature., A similar proccdure was adopted here in
developing the modium optimum for the maxiaum production of
2,3=-butylene glycol by the organisms tested of the genus

Aerobacter at 37.5 C.

Such a study presented several difficulties. Yor example,
the analytical procedure outlined above for the determinetion
of the glycol after fermentatlon, had it been available from the
first, would have c¢liminated the necessity for repeating a
considerable numbor of cxperiments. Agein, the developuent of
a systematized bacterioclogleal technigue that will ¢nable a
worker to check oconsistently his results requires considerable
time and practice. iioreover, there is always the uncertalinty
of whether the optimum concentration of a given selt will be
the same with varying concentretion of the other szlts in the
medium.

2. wuffect of pH

The medium for this investigation was made up as follows:



CaCly == 0.2 g.

igBb0 4 —— Ul g

NHCL = 0.20 g

KliPOq == 0,1 g

lHagzl0y == varying a.ounts
SUerose =e— 5,0 g.

water - up to 100 oc.

After sterillzing and cooling, each medium was inoculat-

ed with 2 cc, of a 24 hour culture of Aerobacter pectinovoruam.

sach medium was maintuined at a predetermined pi by the
daily sddition of sufficient 1 ¥ sodlum carbonate solution.
These additions were mcde under sterile conditions. The
fermentations were sllowed to proceed as long as scid was
being produced. The results are summarized 1n Table II «nd
shoun graphically in Figure I,

From this experiment it 1s evident that there is a
definite maximum conversion of suerose to glycol at a pH of
about 6.2 at whieh value the yleld is 49 per cent, by weight,
of the sugar fermented.

3. wuffect of Suesrose Concentration

The media used in this fermentetion were made up as

follows:



Table I

Effect of Varying pd Upon the Production of 2,3-Butylene Glycol
by Action of Aerobactoer pectinovorum

: T Total s taverage sarams ol i Grams ol Glycol
¢ pH tec, of 2 N: : e¢, of :Suorose : per 100
Flask slkiain- tacid per ¢ Total :8 N acld:Used per: Graaus of ! grams
Number:steined: 100 cc. : Days  iper Day :100 ee, :Clycol/100 ece.: of fuerose
1 i 4.5 5 0,10  + 2 ; 0,050 ; .20 1 0.05 P 25,0
5 i 5,01 062 4 15 i G.odl : 2,00 i 0.51 P 25.5
5 i 5.4: 1.52 1 35 1 0,043 E 5.84 :  1.27 g 21,8
4 3 5.7 2,92+ 35 10,085 1 7.24 i 2.49 ;34,4
§ : 5.9+ 5.55  + 35 1 0,101 ; 7.56 1 2,98 E 39,5
6 i 6.0 i 4,00 3 55 i 0.114 i 7.76 i  5.45 : 44,3
7 4 6.1 4.585 1 55 2 0,129+ 7.82 +  5.84 E 49,1
8 : 6.3 5 5.57 ; 34 ; 0,188 + 7.94 1 .89 g 49,0
O i 8.6 : 6,40 1 B2 1 0,200 1 7.94 ¢ 3,52 s 44.3
10 1 7.0% 8.57 29 1 0.295 1 7.95 1 2.71 P 54,1
11 5 7.5 4 11,97 4 29 1 0.412 1 7.95 1 1.49 ;18,7
12 4 8.0 15.95 1 22 £ 0,925 1+ 7.95 +  0.09 P11
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Kgs0, —— 0.2 g.
N4l == 0.25 g.
CalCl, —~— 0,15 g
K HPO0, =~ 0,15 g.
Sucrose - varying amounts
NagCly === to a pH of 6.0

HgaU e 1p to 100 ce.

To each of the 100 cc. portions of the medium, with very-
ing coneentrations of sucrose, was added 1 cc. of inoceulum of a

2-day old culture of ierobuctor pectinovorum grown on a similsr

medium containing 6 per cent sucrose, The pH of each flask

wés ed justed to 6.0 by the addition of 1 X sodium carbonate
solution. The oultures were inoubsted at 37.5°C. and the medium
analyzed for [ ,3-butylene glycol and suerose when no further
acidity developed. The results of these experliments are

glven in Teble III and previously reported by Fulmer,
Christensen and Kendall (1933)., The graphicel representation

of thcse data are shown in Flgure 2.

The data show the followlng:

l. Up to and including 3 per ocent sucrose,;;ll of the
sugar 1s fermecnted; at higher concentrations {8 to 12 per cent)
the poroentage of sucrose fermented falls from 100 to 85 per

gent.



Tablﬁ III

Effect of Varylng Coneentratlons of bucrose upon the Prodvetion of 2,3
Butylene Glycol by Aation ef Aﬁrobaeter pectinovsrunm

: TFeTme s GLyool per LU0 CO.:GLyGol fTotaliAcldiouc~ :Days :$A61d
: senta~: thefr- sper 100: 2 i :per :rose : to iper
Sugrose ¢ Sucrose itlon tuelghesactive: tgrams sacid/:100giper :Ferm,:gram
B e e s s T T Do Do S o 1T Busar s
' ry . T . * s s : Z - -
1,00 4 0,96: 968 & 4 mm i e § oem i em 2 0:83: 87 10.245: 4,041 =
2.00 1 1.9?§ 99:, 7 ; 0.90; 0.50 o.asg 43,1 1.ao: 81 .o zaz: 5.54;1.88
5,00  : 2.9911001 10 1 == 3 == i o= i s 3 2,001 67 10,299: 3.34:1.54
4,00 3.97§_99§ 12 1 1.82 & 1.65 1 1.741 47,8 1 2,304 58 :o 3315 5.0211.52
5,00+ 4,975 99 13 3 me i ec § - 4 a1 2,651 55 10, 382: 2.62%1.1§' é
8.00  + 5,071 99¢ 14 1 2.96 i 2,47 ¢ 2.72: 45.6 1+ 2,80: 47 :o 426' 2, 55§1 03
7.00 3 6,961 991 15 1 - 1 em 3 mm i am ; 5,101 45 xo 4551 2.g1 0,97
8,00 + 7,911 991 18 f 3.02 1 B.49 1 Ba7li 46.9 + B.701 46 10,4591 2281096
9,00 4 B4l 958 23 4 mm i me 3 em 4 —w 1 3,001 46 10,5661 2.7510.,98
10,00 VPN 561 23 : 4.42 1 5.80 1 4.10: 46.7 § 4,251 48 10,3621 2.6111.03
11,00 3 9.421 564 85 4 e+ me § me 1 a- 1 4,301 46 :o 410f 8.43:1,00
12,00 210,245 651 28§ 4.92 1 4.20 1 4,561 44,5 1 4.10: 41 10,445 2.25:0,92







2. The rate of Tfermentation of the sucrose, that is, the
average amount of sugar fermented per day is st a definite
meximum at about 8 per cent. The average rate of fermentation
at 8 per cent is nearly double that at 1 per cent.

3. The 2,3-butylene glycol produced per 100 grams of
sucrose fermented 1s at a maximum of 47 grams at & per cent
8uCTO0S6,.

4. The acld produsced per 100 grams of sucrose ferumented
decreases at flrst rapldly and then slowly with increase in
soncentration of suecrose.

5. The ratio of acid to glycol is msrkedly affected by
the concentration of the sucrose, dropping from & value of
1.88 for 1 per cent sucrose to a ceonstant low level of 1.00
at 8 per cent sucrose,

4, Lffect of MgS0,

The medium conslisted of:
CaCl, — 0.15 g.
NHCl == 0,20 g.
| K,HPO‘ -— 1.0 g.
SUCTro8e —— 8.0 g
KgS0, o varying smounts
1laglCly === to a pH of 6.C
Tep water - up to 1C0 ce.
After being sterilized at 15 lbs, pressure for 30 minutes

and cooling, each medium was inoculated with 1 ce. of & 24-hour
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culture of Aerobacter serogenes grown on a similar medium. The

latter organism was used here instead of aierobacter pectino=-

vorum, as in earlier experiments, inasmuch es prelimlinary work
had indicated that there is practically no difference in the
inorgenle nutrient regquirements of, and the asmount of glycol

produced by the various specles of the genus idercbacter, and

it was thought advlisable therefore to use the better known test
organism. The results of this experiment are given in Table IV
and Figure 3.

From these experiments it is evident that the maximum
conversion of sucrose to glycol (35.8 per cent by weight)
ocours in e médium contalning V.1 to 0.2 per cent of megnecsium

sulfate.

5. uffect of NH|01

In this investigation the mcdia were composed of the
following constituents:
CaCl, — 0,15 g
MgS0, — 042 g
KgHPO, == 1.0 g«
Suerose - 8,0 g,
il 401 - varylng amounts
ilagl0, === to a pH of 6.0

Tap water -- up to 100 cec.



Table IV

nffect of Varying Concentrations of’MﬁSG.vupon the Production of 2,3«

Butylene Glycol by Aotion of Aerobacter szerogenes.

Average ;:Groms of s@lycol per 100 66,lGrams) :Grams of
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In these, and a1l of the Tollowing experiments, except
where noted, the media were sterilized under the same conditions
{15 1bs. pressure for 30 winutes) and were all inoculated and
fermcnted under like condltions; thut ls, inoculated with 1 co.

of 24 bhour cultures of Aerobacter aerogenes grown on a similar

medium and incubated for a muaximum period of 16 days, at a
temperature of 37.503. The pii was adjusted to 6.0 each day by
the addition of 1 i sodium carbonate solution. Tap water was
substituted for distlilled water in these e¢xp-rimconts since at
this time there were indlcatlions th:t the distilled water avail-
able containcd traces of copper or other substances inimical
to cell growth,

The resulis of this study, siven in Table V, and Figure
S, indleate that there 1s & very marked increase, in the
percentage eonversion of sucrose to glyeol, with increase in
the emmonium chloride concentration, reaching & maximum at 0.3
per cent of the selt. In the range of 0.3 to 1.0 per cesnt
smronlum chloride there is almost a constant yleld of glyecol
anounting tc about 38,5 grans per 100 grams of sucrose utilized.
It should be noted that flask number 1 contained a smsll smount

of ammonium chloride, introduced in the inooulun,

6. Affect of K HPO,

zach flesk was composed of the following lngredlients:



Table V

Effect of Varying Gonoentrations,bf NH,C1l upon the Production of 2,3«
Butylene Glycol by action of Aerobacter aerogenes,

TAverage i0rams OFi0rams Of Blyool per 1LU0ge:0rams oF

tGrams (lotal :
(INH,C1 :ce, Of H tece, of :Sucrose 3 tRefractive: © tGlycol per
Flask :per 100:2 N acid :Total:2 N acidiUsed per: ¢ Index : - 31100 grems
Number: c¢c. :iper lOGcoEDays fper Dey 5100 CC, fheighedE~Method fng:agefo: Sgorgse
Lt 0 i 5,70 116 : 0,355 i 7.08 : 2,480 i 2.4l i 2,42 i 54,2
2 i 0,108 7.35 116 1 0.460 3 7.46 1 2.680 i £.60 E £.61 1 55,0
B f 0,200 7.90 + 16 i 0.496 + 7.71 : 2.885 : £.82 % 2,63 ; 36,7
4 i 0,251 7.95 £ 16+ 0.495 & 7,80 & 2.960 1 .91 4 2,98 1 37.5
5 i 0.30: 8.00 16 + 0.500 1 7.84 ¢ 3.080 s .01 ; 3,03 E 38,7
6 1 0.55: 5,00 16 : 0,500 i 7.86 i 3,070 i 5,04 i 5.05 i 58,8
7 i 0.40: 8.0 4 16 0,505 f 7.87 & 3,050 1 3,0 i 5,03 EV 38.5
6t 0.501 .00 3 16 3 0.500 i 7.86 & 3,050 i 3,01 ; 5,03 ¢ 38,4
9 i 0,70: 8,05 1 16 i 0,505 :+ 7.86 1 5,070 i 3,01 % 3,04 ; 38,5
10 1 1.00: 8,00 £ 16 f 0,500 1+ 7,88 + 3,110 : 3,04 3 3,07 i 38.9




Call, 0,15 g.
Ligaly —— Ue2 g
HHCL  ~— C.25 g.
sucrose e 5,0 g
* Kali0, =—— varying amounts
Rag- Uy -~ to a pH of 6.0

Tep water = up to 100 cc.

The flasks were sterillized, inoculated and ineubated as
noted above for the experiments on the effeet of ammonium
ehloride concentration.

From the results glven in Table VI, znd dlasgreamed in
Figure 3, 1t is evident thut thers is a definite optimum cone
sentration of secondary potossium phosphate for meximum con=-
version of sucrose into glycol. At a concentratlon of 0.195
per cent potessium phosphate, the yisld of glyeol is slightly
better than 50 grams per 100 grame of suger utilized. This
yield is considerably higher than any obtain:d in the experi-
ments on the effect of varying the concentration of magnesium
sulfate, ammonium chloride and calecium chloride (discussed
below), This cen be easily explained, however, inasmuch as
in these other experlments, none of the medla conteined this

optimal concentration of I,HPO,.

The secondary potassium phosphate used, though labeled anhydrous,
has since been found to contain three molccules of water. Therefore,

in this thesis, K HPO, should be understood to be K ,HPO,.3Hg0.
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7. iffect of CalCl,

The medlum consisted of:

15gS0 4 —_— 0.2 g
NHC1 — (.25 g,
KahrU, - 1.0 g
Sucrose == 8.0 g.
CaCl, - varying amounts
He 00y -  to a pH of 6,0

Tap water - up to 100 cec.

The results are given in Table VII and shown in Figure 3.
It appeers that the addition of calcium chloride tends to some~
what decrease the yleld of glycol., However, when it was
attempted to ferment a medlum containing no cealcium chloride,
elther in the medium as made up or in the inoculum added, very
poor growth of the organism resulted. This fact indicates,
therefore, thut & trace of celeium chlorlde aids glycol yleld
by supplying elements nesessary for luxurient cell growth,
whereas appreclable amounts, although not inimiecal to cell
growsth, recsult in a choeunlsm unfavorable to high glycol yields.
It should be noted that in flask number 1 a trace of calecium
chloride (0.0015 per cent) was introduced when adding the
inoculum, besides auny contained in the tap water used., It

seemns then, that a trace of calcium chloride (about U.01 per cent)

1s necessary for high yilelds.



sorans or

:Glycol per
:100 grans

sAveragesof Jugrose

»
»
L3
*

col/100 e,
ractive
Index

Nethod

o

tHe

»
[

iper 100co:Days :per Day :100 ce. iielghed:

-
-

GaCl, uvon the Production of 2,3«

ylene Glycol by action of ierobacter aerogenes,
1Grams of ;orams of ol

Tabia Vi
tSucrose

Average

:CQ. of

Flask sper 100:2 N acld :Total:2 N acid:Used per:

Numberx:

But
of

T Total

wffect of Varying Coneentrations of
tee,

GCrams
iCall,
QG

e

»
»

- 35 -

S 2014 ¢ufae ovfes oajee sajfes

e~ o~ o~ 4t <
~ 0 =f Q] @
* » LJ . *
o8 N o2 o2 N
86 safse asfoe onles sulas se}ee
0t Of Wl 0} W
Qi DV ©f & @©
Ny O] 0 D ©
* . . L4 -
o] @ «@f @ @
¢ 48 iov e ]en dvjos ev]ee soles
D O ] o~ 4
W ©Of Dy ® ©
- L2 IS -* - L ]
e L o~ [N o~
*% avles salse wnjien sefuw sefee

Q Qf D W
H .@ B < BTe €
<Hl W W ] @

[ ] - » e} [ 2
Q Q Q o O

os erfes sujen s les onfan weajfee

N} o Wi O 0
o] B B | e | B

* anjee Seise svfen ¢u]oe

»
*
»
.

o9 st len geflose e iee cn]l N0 9o ian

8 ¢024¢ S0{=¢ NBlee sajer S8jas

27.1
3742
570 |
38;01‘.

2.90
2.91
2.94 ¢

2,84
2.91

e

24900 3
2.925
2.850
2,975

-
®
*

7.81
7.84
7.82
7.83

3

: 0,465
C.450
¢ 0.500
0,530
: 0,780

16
16
16
12

:
3
:

7.70
2 9.39

Oa4dU
1l.00

7
10




Vo COMPARISON OF TH. YIMLDS OF GLYCOL BY

VARIOQUS OPuCIaS OF Tilh GuNUS ALLUBACTIR.

The above exvneriments indicated that the medium giving
maxlimum ylelds of 2,3-butylene glycol should have the follow-

ing coneentrations of salts:

§gSU ¢ — 04175 g
NHCL = 0.350 g,
Ko HPC —— (.170 ge.
Gacl, — 0,015 ge
HEagaU00y === to a pH of 6.0

Tap water -~ up to 1U0 cc.

Aceordingly, the above medium was prepaered and used to

test the action of two strains of Aercbacter cloacae, two of

Aerobaeter asrogenes and one of aerobacter pectinovorum .

The sucerose oconcentration was reduced to .45 grams p.r
100 ea. This low concentration of sugar made possible a
gomparison of the above bacterial types with a short time
fermentation, The rcsults are given 1n Table VIII.

From these data it is evident that:

l. There is no significant difference in the abllity

of the various specles of the zenus .srobaster to produce

243=butylens glycol from sucrose. This conclusion has further

support in the studies made by Brockman (1933), and previously



Table VIII

Astion of Various Specics of the Genus Aerobacter

on Identical Media

: :Total : tGrams ¢ Grams of G1ycol/L00C0,:
: $00., : tAverage : of : : : :Grams of
H tof 2 N ¢ tece, of Sucrose’ :Refrao-: :Glycol
: sdcld : :2 N Acid:used : ttive 3 tper 100
Flask : tper tTotal: per tper 1001 sIndex : tgrams of
Numbert Organism Used : 100cc.:Days : Day : ¢c, tWelghediliethod :average:iuerose
K : s : i3 s : s K
1 :A, closacee : 2,35 s: 10 ¢t L.230 :: 2,845 ¢ 1,220 ¢ 1,165 ¢ 1,198 : 41.9 ,
: : $s ' BE : s 8 s
2 1A, cloaces : 1,90 33 7 3 271 :: 3,324 3 1.370 2 1,365 ¢ 1,367 : 41.1 “
: ~ $ 5K 3 ' s : ) : : R
3 14, pectinovorum 3 2.79 33 6 1 458 $: 3,436 3 1,398 3 1.370 & 1,381 : 40,2 !
: ] s : s : 3 : S8
4 tA. aerogenes ? 2.45 33 6 0t L408 3 3,390 : 1.275 % 1,860 3 1,267 3:37.,3
T s $s 3 R : : $ B -
S5 th. serogenes P 2,50 23 6 3 417 13 3,390 : 1,370 : 1,315 ¢ 1,342 3 39.5
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noted, where A. indologenes, 4. saliclnovorum and A. decolorans

were found to produce almost identical ylelds of the glycol under
standardized conditions.

2. The medium used in this experim:nt was optimum for
high ylelds of glycol, in regard to sslt concentrations, as
evidenced by the rapldity of the fermentation (6 days) as
compared to a previous experiment time (11 days, c.f., Table
III), with practically the same ylelds in both cases; 41,9 per
cent conversion (Table VIII) compared to 43.4 per cent conversion

{Table II1I).



VI. SULLIARY

I{ has been shown that for the maximum conversion of
sucrose into 2Z,3~-butylene glycol, in an inorganic medium:

1. There is a definlte optimum pH of about 6.2,

2. The most ef’lcicnt conversion of the sugar cecurs
at a consentration of § per cent.

3. There is a definite optimum concentration of
magnesium sulfate at C.175 per cent,

4, Ammonium chloride is very essential and at least
0.3 per cent must be present. A higher concentration has
very little effeot.

O, There is a definite optimum conesntration of secondary
potassium phosphate at C,175 per cent.

6. 4 trace of culcium chloride is essential, but any
appreclable concentration is somewh:ut harmful, a C.1 per cent
soncentration being slightly more harmful than a 1.0 per cent
concentration.

7. Various specles of the genus Aerobscter produce like

yields of glycol under like conditions.
B8« Under optimum conditions the yield of glycol amounts

to about 50 per eent of the suerose fermcnted.
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