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INTRODUCTION

The butyl-acetenic fermentation process as
normally carried out on an industrial scale (17)(33)(40)
(41) utilizes cereals, potatoes, molasses, or eﬁﬁnr sources
ér éarbehydrato in the preoduection of mebutanol, acetene,
ethanol, carbon dioxide and hydrogem. The use of low
grade corn is common industrial prae&ied and a normal
fermentation (25) converts three poumds of starch into
one pound of solvents and over ene and oneshslf pounds
of gases in sbout forty-eight hourse Gabriel (16)
reported the Commereial Solvents Corporation h;d a total
of 148 fermenters of 50,000 gallons each in operatien
in two plants. Combined they were capable of using more
than 30,000 bushels of corn per day. To convert thig
amount of raw material into solvents, about 600 tons
of coal and 15 million gallons of water were required
daily., The solvent production for that year was over
85 million peunds with a peak productiom (19) of 120
m1lion pounds in 1929, o

The normal course of the fermentation undergoes
three phases (42)(43). In the first or initial stage
there is vigoéeué'haéterial reproduction and acid form-
ation. The gecond stage occurs after the maximum acidity
of the mash hag been reached and there is a rmther rapid
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decrease of acidity to a minimum. In the last or third
part of the fermentation there is a gradual rise of the
acidity of the mash to a fairly constant level.

Peterson and Fred (36) have published a complete
sumnary of all the éhanges t#klng place in the mash during
the three stages. The starch is being hydrolysed rapidly
during the first part to produce a2 meximum of reducing
sugars at about the midpoint of the fermentation. As the
acidity drops there are formed neutral products, n-butanol,
acetone, and ethanol, and the bacterial reproduction ceasese.
The evolution of gases reaches & maxiaum and pushes the
insoluble part of the corn to the top of the medium forming
a characteristic head (31) (for illuastration see Fig.3).
During the gradual rise of aciaity in the last part of
the fermentation there is also gradual increase in solvents
and an increase in the number of apores (31).

The outstanding pioneers in th@ 1hvestisation
concerning the bacterial production of n-butanol include
Pasteur (34), Fitz (7 - 11), Grimbert (22), Beijerinck (1 2),
Bredemann(j), Fernbaech (5,6), and Welzmann (50). There are
many ether workers who have contributed to the information
available but to each of the above may be attributed some
definite step in advance.

By dilution methods Fitz (lo) prepared cultures
which he called Bacillus butylieusg and which he believed
to be pure. The bacteria were observed in a counting chamber
and then diluted until each five drops or ten drops would

contain one bacterium. Fifty flasks were
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inoculated with one drop each and about five or ten flasks
showed growth, From the fermentation of a variety of sub-
strates he identified m-butanol by its bolling point and by
the beiling point of n-butyl 1odide. Ethyl alcohol was
obtained in small amounts. If acetone were also produced,
the method of analysis would not have shown it.

Grimbert (22) conducted his fermentations with an
organism which he believed to be different from those of
Pasteur, Van Tieghem, Fitz and Pedrix because of different
cultural and physiological characteristice. He named the
bacteris Baci]llug orthebutylicus. The fermentations were
- performed with and without chalk, using various substrates,
and in all cases there was more acid and less n-butanol
where appreciable quantities of chalk were present,

Beijerinck (1) proposed a new gemms, Gramulobacter,
for the butyl organisms and related types. The Gr. ssccharo-
butyricum was similar to Fitz culture while Gr. butylioum
was able to produce 1se-péopy1 alcohol with the mebutyl
alcohol. Or.lactobutyricum was able to ferment lactate -
solutions sand Gr.polymyxa was kdentical to the facultative
Clostridium polymyxa of Prazmowski. Later Beijerinek and
Van Delden (2) added another species, Gr.pectinoverunm,
which wag tﬁe active organism in retting flax and possesged
the ability to attaeck pectins,

Several strainms of the butyrie acid and butyl

alcohol bacteria, previocusly reported in the literature
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under various names, were collected and studied by Bredemsnm.
{(3) In 1909 an extensive report was published by him com-~
paring all of the gstrains studied; eleven strains were
clsssed as belonging to the same specles and renamed
Baeillugs smylobacter A.H. et Bredenmenn while eighteen other
strains were consldered as probable members of hisg species.
He attributed variations of the cultures to the conditions
of cultivation.

Fernbach and Strange (%) (6) obtained patents
covering & commerelal procesg for the produetion of acetone
and butanol from various carbohydrate materials by mesns of
8 oculture of "bacillus of the type of Fitz". Their patents
ineluded provisione for adding degraded yeast as nutrient
and conducting the fermenbation in the absence of alr,

The pressure was reduced and the volatile products dlistilled
off as they were formed. Fernbach was the first to report
the siwu}tanasua productlion of acetone and n-butanol.

4 The PFernbach process was used on a comsercisl
scale for three years. During the Yorld %ar, velzmann (50),
and a former colleague of Fernbach's developed a culture
which he claimed was unlike Fernbach's, and which gave
better commercial eeale fermentatlion than did Fernbach's.
In the plants operated under the control of the British
Admirelity, the Telzmann culture was employed, and the
United dtates Court of Appeals (18) has held that the
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the Baclllus volutang studied by Thaysen (47) and later by
Speaknmen and Phillipe (44)., The evidence presented ghows

that the toxicity of the lactie acid contamination was due

to the acid produced. Filtrates from their sluggish fer-
mentations were not toxic after being neutralized, They

were able to grow the cultures geparated only by a collodion
bag (32) and found that there was no toxic material diffusing
through the bag excepting the lactic acid, which was toxie
when present in suffleient guantity.

The butyl organisms sre capable of fermenting s
varied group of earbohydrstes, but the aecid production is
also varied., Robinson (37) made a eareful study of several
gubstrates by following the acidity curves during the fer-
mentations. In general the compounds which he studied fell
into three grouvsj first, the group which produced acidity
gurves sinmllar in shape to those obtalned in s normal
fermentation of corn mash; these included glucose, fructose,
mannose, sucrose, starch and blologiceally prepared dextring
second, the group which produced abnormally high acidity
curves having no "acidity-break"j these included galactose,
xylose, arabinoge, lactose, raffinose, melezitose, inulin,
mannitol, and dextrin produeed by acld hydrolysis of starchj
third, the group ineluding those which were not fsrmented.



Several investigators (6) (35) (38) (45) (53) have
studlied the relstionship between the nitrogen and ecarbon
metabolism of the butylic bacteria, and it 1s agreed that
s normal yleld of solvenis can not be prodused 1f a protein
deficiency exists, Welnstein and Rettger (49) have made &
study of the n-butanol fermentation in the presence of
several different types of protein and have concluded that
zein is especially sultable for a normal fermentation,
giving a full yield of neutral productsg Iin their neormsl
ratio.

In the industrial production of n-~-butanol by
Termentation 1t has been found that the most vigorous
fermentations are obtained by using about the sixth sub-
culture from spores, because for some reascn the cultures
which are transferred eontinuously beyond the sixth sube
eulture are not good solvent produgers. Sluggish fere
mentations are usually encountered on the ninth to
twelfth subgsulture from sporesg, and Gill (20) mentions
that even the fourth or fifth transfer in tubes gives
sluggish fermentations.

Freshly isolated cultures are usaslly found
to be slow fermenters, and culturing in the laboratory on
corn mash or similar medis for one or two years is often
neceasary to 9reﬂue§ a eulture of msximum vigor in produeing

golvents, Weyer and Retiger (54) have treated cultures



» 11 -

for a perlod of nearly two years with a gradual increase
in the acetons yilelde. | |

In the Weizmann patent (50) there has been described
& process for producing vigorous aaltaras for commercial
uge whioh included 100 or 150 cycles of inoculatlon,heat
shock and ineubstion, reguiring four or five days for each
eyele or in all from one two two years,

Thaysen (47) has mentioned that lactic secid
produecing contaminants are gerious but that ocoasionally
sbnormal acidity curves and slow fermentations were in
‘pragtiee which were not due to any bacterial infections.
Thie type of fermentation hss baen more ocompletely desoribed
by D.A.Legg (27). He divided the abnormal fermentations
into two graﬁpu; the contaminated fermentation as described
above, and the sluggish fermentation, characterized by a
prolonged acidity pesk, decreased ylelds of solvents,
incomplete utilization of fermentable carbohydrate and
slow fermentation., IlLegg states that :"The phenomenon
oceurs intermittently and for ne apparent reasons., It is
usuelly epidemie in character and of sudden incidence.

"% hen sluggish fermentation ig once noticed in
one or more vessels employed in a butyl-acetonic fermen-
tation plant, within about twenty-four hours it will
fregquently become apparent in hundreds of disconnected

vesgels of various sises, including laboratory cultures.
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Even gultures which had been sgtored for years in sealed
tubes in gpore form, when transferred to and grown in
sterile mash are not immune from sluggishness during s
plant epidemic period."

It was found that a small portion of a sluggish
fermentation coming in contaet with normal fermentations
eaused sluggishness Yo appear in them. The mash from
sluggish fermentation could be filtered through s Berkefeld
or similar bacterial filter to remove the bacterial cells
and 8till the filtrate contalned the sluggish prineiple.
The filtrate has been diluted a million times (27) and the
resultant dilution frequently found to induce sluggishness
in 2 normelly fermenting mash,

The sluggish prineciple has besn maintained by
tranaferring a drop of the filtreate from s sluggish
sulture to a fresh mash and then filtering the culture
after sluggishnese has occurred, This process can be
carried on indefinitely, showing that the process is truly
s propagation of the sluggish principle and not merely a
dilution of it. Legg explains that, " On the basis of
these facts and on others not reported here, it would
appear that sluggish fermentation is caused by & living
organisn of ulirs-mieroscopic dinensions. If this is the
cape 1t may be eilther a saprophyte lliving in sssoclation
with the butyl-scetonie orgsnism, or it may be a true
peraslie or bacteriophsge."



The Commercial Solvents Corporation experienced
a severe epidemie (16)(19)(27) of sluggishness during the
year 1925 which cut their produetion in sbout half for
that yemr. lLagg's patent covers the process for produc-
ing immune oultures and after the introduetion of the
more resistant strains the ylelds were reported to be
genersally higher and no more periods of slugglshness were
encountered,

A toxie filtrate, similar to the one desgcribed
by Legg, wes accidentally obtained in this laboratory
in 1931 from a freshly isolated culture from wheat,
With the isolatlion of the texic filtrate it was possible
to study further the properties of the material described
by Lesg (27).

- The purpose of the work here reported may be

@a%liaaﬁ'brierly as follows :

1. To study the properties of the sluggish
principle,

2+ Te study the blochemistry of the sluggish
fermentation.

3. To study poseible methods for eliminating
slugzgishness.
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General Methods

The sporeaes of the stock cultures were kept on
sterile soll containing aboul five percent CalQy or stori}o
sea sand with one pereent CaCOy. During these axporimanis,
a8 far ag it was possible to do so, the cultures for atudy
were always directly derived from the asame spore cultures
in order to have the test cultures remain as constant a s
posgible during the study. Tubes inoculated with spores
were alwayes hest shocked two minutes in a bolling water
bath, |

The ocultures were grown in ten-inch fermentation
tubes containing 20 cc. of 5% corn mash. The transfers
were made with wide tip, 3 to & eo, plpetites wrapped in
tissue paper and sterilized. The inoculation ratios used
were from 5% to 10% in tubes. Except where stated, the
third to sixth subeulture from spores was used for test-
1ng pUrpPOSea.

Slugglsh fermentatlions have high prolonged
acidity peaks and do not produce the characterlistic heads
in corn mash., The solvent yields are usually lower than
in normal fermentations and the final aclidities are fre-
quently higher., The simplest method of detecting the
presence of the sluggish prineciple wae to observe the
head produced at 20, 24, and 40 hours and compare with

the appearance of a normal fermentation.
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The final aclidities and solvent ylelds may be
determined as checks on the appearsnce of the fermentstion.
The moat reliable method of noting the presence of the
sluggish principle is to follew the titratsble seldity
curve. It should be possible to obtsin = sharp differ-
entlation betwsen the sluggleh and normal fermentation
from the titratable acidity in corn mash at sbout thirty
hourg after inoculation.

¥icroseepic observation has been reported to be
ugseful in detecting some types of sluggish fermentations
but no speelal differences have besn noted during this
gtudy which would serve as a reliable check on the presence

of the sluzgish principle,



Apparently there is not the same opportunity

for epidemios of sluggishness in an experimental lasbora~
tory that exist in a laboratory connected with a large
fermentation plant, singe there has been but one sluggish
epidemiec during two years work in this laboratory and
thet was with the cultures that were just bhelng started
for studye.

The sluggish principle has not been widely
sncountered among our materials. There is considerable
diffieulty in isolating toxie filtrates from laboratory
oultures that are handled and transferred under aseptie
gonditions and from eultures obtained from spores subjected
to heat shock. The filtrate used in this laboratory was
ebtained from s new oculture isclated from wheat and
designated ag W3. The culture had been carried in a mssh
acidified with 0.2%2 butyrie acid and the sour mash filter-
od after fermentation had ceased. This toxic filtrate
eould be imoculated into other susceptible sultures and
more of ths texie filirate obtained., The sultures whieh
were more susceptible appeared to produce filtrates whioch
were s littls more virulent. The ﬁiﬁéﬁiﬁh prineiple can
be carried by inoculating amny susceptible culture and allow-
ing the fermentation to be completed, and the mash when
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Several abnormal fermentations have been studied
in attempts to isclate texie filtrate but all of these
attempts yielded negative results.

Four straine, W36, 101, ¥BB, and A21] were
transferred for five consecutive transfers in mash acid-
ified in varying amounts, with 0.2% to 0.6% of butyriec aeid
but no toxic filtrates were obtained. However the immune
strains FEB and W36 were also shown to bhe more resistant
to acid.

At various times during this study, flaske of
strain FBB were obiained which had recelved mmounts of
lactic, butyriec, an&:w md formie scids pufficient te
gause a "siok" culture but in no case was a toxiec filtrate
isolated.

Strein W3 after having been purified by plating,
was subcultured and a spore eulture put on sterile soil,
but could not be made to produce & toxiec filtrate by the
acid treatment even though the freshly iseclated culture
yisldad the toxic filirate used in the study.

Strain A21) had st various times been treated
with various acids, imeluding HCl, laetie and butyrie,
but none of the sluggish prineiple could be isclated.

Strains 101, A1}, FBB were transferred without
sporulating until the cultures falled to head and had
becoms slimy but filtration failed to j’iaid 2 toxiec filtrate.



Excellent Head - EHy Good Head - GH; Falr Head - FH
Poor Head - PHy XNo Head -~ NH

Culture ¢ Control : Filtwate : Control 1 Filtrate Acidity

Head Head Aeidity  oe. /10 aeid
24 hre. 24 hrs. 70 brs. per 10 ce. mash
(1) Cl.assto~ GH : NH t 4e1 3.5 1 3.9 4.0
(2)§§£§§§§- BH : NH 3 Re9  Ba7 1 47 52
(3) 36 s+ mH ¢t NH FH 1 3.3 3.1 3 3.6 2.7
Eattg&r'a
Cultures
(4) so s+ ®H :+ NH P 3¢5 3.7 1 5.6 5.9
() R ¢+ EH ¢ FH PH 1 3.1 4e3 1 4.9 5e2
{6) 1 s FH s+ EH 3 4,0 3.4 1 4.2 7.1
(7) B + BH s NH 1 3.5 3428 5,0 45
Fernbach's |
Cultures
(8) 124 : GH 2 NH PH 1 348 3,03 7.0 5.0
(9) 128 : aH t PH 3 4.9 3.9t 7.6  B.5
{(10) ¥BB :+ m@H s EH 3 3.1 3.7t 4.9 3e3
(1) m s+ GH 3 KH 3 4.1 4,71 BuD  5a3
{12) 103 : =M + BH t 445 4al: 5.3 540
(13) a211 ¢+ &8H 1 PH ¢t 3.5 342 4.7 4.6

(14) ¥s

B
=

3.0 4e7t 442 4,6
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~ The ninth and tenth subculture of A211 in tubes failed

to head, but the sleventh subculture in 300 ce. of 5% mash
' in a 500 ce. Erlemmeyer flask produced an excellent heed

~ and then the twelfih subsulturs in tubes produced a

_ 80od head,

_?miutim in the presence of excess CaCOy
using lstr#im 101 and FBB falled to yleld toxic filtrates
sven though the fermentatiion appearance was that of a
sluggish oculture and the 101 culture yleldsd volatile

" aoid whieh s¢écounted for nearly 40% of the cern. The yield
" of acetis acid was 13.7% and of butyrie aeid was 26.2%

" in 70 hoursa.
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Thyese types of bacterial filters were used in
these experiments. The Tirst type, the Barkefeld filter
candle, was not extensively studied as regerd the effect
of pH on the Tiltration of the sluggish prineiple but by
trisl and error it was found that good resultis wers ob-
tained by filtering in a pH range from 3,8 tc 4.0 while
certein values on either side were less satisfactory.

The second type of filter used was the Jenkins
filter but for this work there were two decided disadvant-
agesss The filters employ metal in their construction and
solutiong filtered mat low pH values were blue due to the
gopper diasclved from the filter, The filtering surface
wag small and the porosity of the filters used in this
laboratory was low, making filtration very tedious.

The thizrd type of filter used ineluded the
Chamberlain filter eylinders which wers practically ideal
for this work. These flilters could be obtained having
various porosities, and they could be met up in 500 co.
or 1 L suetion flanks so that no metal parts wers aexposed.
A wide range of pH values could be studied without notige-
ably affecting the filterxs,
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The method of filtering was to adjust the mash
to the desired pl value and filter, first through ordinary
filter paper, and then thxﬁngh«tha'filter eylinder into a
sterile aaetian flaske Vhen the mash was filtered at low
pH valuas‘a few grams of CaCO3 were placed in the flask
before sterilizing. An autam#tic setup for filtration is
shown in Fig. le The filtrate was transferred sseptically
through the dellivery tube of the suction flesk into sterile
tubes or flasks. The tube for admitting air during the
drainage of the flask makes it possible to transfer the
filt?ate smoothly without air being sucked in at the
delivery tube.

The porosities of the filtara used were marked
L7, L5, L3, 123. A series of filtrates prepared from the
same mash at the same pH, varying the porcsity as listed,
were all potent, showing that the particle size for the
sluggish prineciple was less than the smallest pore size.
Size LD has been uged throughout in the other experiments.

The effect of pi on filtration was studied in
orde to determine the most suitable pii for filtration
of the sluggish prineiple. The results are listed in
Tables II énd I1%.
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Fige 1l¢ A Filtration Set-up.

1l

CaClyg tube filled with cotton,

Glass tube plugged with cotton for admitting air
during drainage of flask. This tube is closed
with rubber tubing and a glass bead during
filtration.

Delivery tube for drainage of flask,

Filter cylinder.

Funnel and filter,
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pH 3 Reagent used for Head 40 houre
t adjustment of pH @

3¢l Lactic meid GH
4.0 Butyric aeid GH
S.1 NaOH ¥H
60 KaOH FH
7¢0 NaOH KR
Tel KaOH BH FH
8.2 . NaOH NHE FH
2.0 NaOH PH
10.1 HaQH BEH
Controls EH



3 Head at 1 Pinal aeidity
s filtering 3+ 40 hours : 66 hours
Glass ¢ Quinhy- 1 3 t eg. N/10 per
Rlesctrodes: drone $ H 3 10 ¢0. of mash
t 4,22 1 4.28 : t 8,0 7.4
4,06 3 4.38 1 4.40 : ] 4.4 4.4
s 4,40 3 4.19 ¢ ¥ FH 3 3.6 8.1

3 4.54 $ 4.46 t
3 4.,68 1 4,50 H
| § 4480 $ 4.8) $

4472 s 4,91 3 4.8 3
3 ‘5095 4 §.18 H
t B.38 31 S.47 3

3 9.0 7.8
: Tel 6.8
3 Te3 T8

3 az 8.6
] 8.6 Te?
G5 9.2

1t DH.65 ¢t 5.67 ] 1 8.0 S

6,00 3 6.08 3 5.58 3 1 8.4 8e3
L 8.18 4 6,10 3 1 6.9 7.9

E 630 3 €+10 ] 8.4 7.8

g BeBb 3 GedS 12 o 8.3 8.4
787 . 7.68 3 Te 57 3 ] 9.0 9.0

9,07 1 8,76 31 Tu65 1 t  BeS® 86

B B EEE SEE EEE EEE 88

I 4.3

-
1
-

H céntrcli



The preliminary tests listed in Table II indieated
that thers were wide limits of H-ion concentratiom for the
filtration of the sluggish principle, ranging between
PH 5,0 and pH 8.0.

- The data in Table III confirm the conelusion
drawn from the preliminary experiment. The filtration
BaY appesr poorer at extramely high or low yH values only
beosuse such concentrations may be deirimental to the
sluggish prianciple.

A largs number of filirations were performed
because it might have besn possible to obtain some data
which would have given information concerning the iso-
 electrio peints of the siuggish prineiple and of the
filters.: For example if the filter had possessed an
iso-slectric point at a pH of 4.0 and the sluggish
principle had an iso-electrie wint gt pH of 4.5 then
8 filtration at a pH of 4.25 would ?r#hbzy fail to
¥ield any of the filterable sluggish prineiple since the
filter and tkt material would be oppositely charged and
the attraction of oppesite charges would prevent & large
portion of the filterable material from passing the filter.
A filtration condueted at a pH wtﬂﬁ; of the values 4.0
and 4.5 would find like charges on the filter and the
fizh'ab:ia material and filtration would proceed without
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Final acidity
cce O¢l N acid
per 10 cec.

o .
o
- (0] o
0
0
control acidity
3. ' | - L
400 5.0 6.0 70 8,0

pH of filtration

Fige 2. Effect of pH on Filtration

9.0



4,0 5.0 6.0 740 8.0 960
pH of filtration

Fige 3¢ Change in pH of Fermented Mash
Due to Filtration



- Legg (27) desoribes a method by whieh butyl cultures
may be immunized, as followsy "A sterile carbohydrate mash,
conpisting, for example of 6% corn mash, is preparsd and
is inooulated with a spore culture of buiyl-acetonic bacilli.
It is then 'heat-shocked' for three minutes at mo'c.,
after which there is added a small portion, ens or mors drops,
of clear liguid obtsined from a carbohydrate mash undergo-
ing a sluggish butyl-acetonie fermentation, by filtering
the mash first to remove all solids and second through a
Berkefeld filter to remove bacteria. Fermentation is then
sllowed to procsed at a tempsrature of about 36.& for foux
or more days ~» l.8. until spores have developed. This spore
culture is then uwsed to inogulate fresh corn mash whiech is
egain 'heat-shooked' for about three minutes at 100 Ces
and treated with two drops of the filtrate as previously
mentioned, The sscond fermentation is allowed to proceed
as befors and additional transfers with shoeking and fil-
trete addition sre made -~ that is the process is repeated.
4t the end of sbout ten sueh trestments the sulture thus
obtained in spore form at the end of the last treaiment
will ordinarily be found to be immunized in respest to
sluggish fermentation, and, if not the deschibed treatment
of the culture is continued until the {mmunity is attained.”
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Two atrains, A211 and 101 were subjected to the
Legg treatment but, after ten treatments, were still sus-
ceptivle, as shown by eh@emﬁea of heads and final soide-
ities and after eighteen ireatments the cultures were very
slimy and would sesroely grow at all. A modification of
Legg's pro@iedure was also tried. The eultures were started
from spores in corn mash tubes, treated with two drops of
filtrate, hwt.amokﬁ two minutes in boiling water and
inoubated at s?ﬁc; The cultures were transferred overy
24 hours and sperulated after the fifth or sixth transfer,
and the most vigorously fermenting tubes were chosen each
time for further stﬁdy»

The above procedure was gpplisd to aiﬁc strains of
butyl organisms, W3, AZll, R, 101, Fl, and MS and after
six or seven oycles of the above treatment one ocut of the
six strains, W3, apparsntly was quite resistant to the
action of the sluggish prineiple. This new resistant cul-
ture was designated as W36 besause the strain W3 had bees
treated six times. Of course it cannot be neglected that
many workers have prodused wigorous sultures by merely
heat-shocking, transferring, and s%ariag the spores om
goil and Veyer and Rettger (52) have shown quite definitely
that the scetone yleld increased uitﬁ succeesive heat treat-

ments. Thess workers assume that the inereassd yinld is
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The properties of the filtrate have been studled
from two angles, one being the effect that the filtrate
hed upor the growth of the butyl organieme and the produets
formed by them while the other was concerned with the eondi-
tione which affected the toxieity of the filtrats.

The affeet of the filtrate on the seidity ourve
is probably one of the woast reliasble criteria as to the
presence of the sluggish prineiple, since the course of the
agidity during the fermentation is a good measure of the
general condition of the culture. There is one disadvantage
to the acidity curve as a eriterion, the stirring or shak-
ing required to obtain uwniform samples &istu:hﬁ the culture
somewhat and the action of the slaggiah prineiple becomes
less marked., Usually the fimal acldity of flltrate flasks
being sampled runs 1atar‘§haa those remeining undisturbed.
The experiments for this investigetion have repesatedly
bean less gonclusive in large fleske than in smell flasks
or tubes. |

Typleal acidity curves of sirsin 101 are shown
in Pig. 4 gam@arn& with the agidity curve of Speckment'sy
slow fermentation. The acidities were measured in 5%
corn mesh in 3 L.Erlenmeyer flasks containing 1700 ec.
of the medium, 5 ce. of the toxie filtrate gnd 50 ce,.
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Acldity
cCe 00l N acid
per 10 co.

8.

0. | ! ! | !
o 10 20 30 40 50

Hours of Fermsentation

Fige 4o Acldity Curves

A. Speakman's slow fermentation,.

B. Normal fermentation, Strain 101, 5% corn mash, 37°%¢.

Ce and D. Sluggish fermentations, Strain 101, 5% corn‘
mash, 3790,
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of 24 hour imcoulum. The samples were remeved aseptically
with wide tip sterile pipettes. A 10 cce portion of each
sample was diluted, heated just to boiling and cooled
quiockly to avoid loss of the wolatile acid and titrated
with 0,1 ¥ NaOH to the phenolphthalein emdpoint. Through-
out this work the term, seidity, refers to the cubic cen~.
timeters of 0.1 N NaOH required to give ithe phenoclphthalein
endpoint in 10 coe. of mash,

Examination ¢f ihe acidity curves will make it
clear thai occasionally in lermentations oniy mildly affected
by the sluggish prineipla, the final acid ity would fail to
indicate the presence of any toxic material sincs the finml
aeidity of the normal curve is between the final acidities
of the filiraie flasks. On the basis of the Tinsl acidities
enly one of the %two filtrste flasks would have appeared even
alightly sluggish but the acidity curve shows both filtrate
flaske were definitely slower than the control and the ap-
pearance of the heads also indicated sluggisimess., The con-
trol flasks headad in 20 - 24 hours, while the sluggish
flasks required 44 hours or more to produce heads, and these
heads were not as compa¢i nor were the liquids aa clear as
in the control flasks.

The method of comparing the producis of a sluggish
and 2 normal fsrma&tatiag wes marely to sel up a ocarbon

balance for sseh type and make &8 comparison,
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This method was tried several times but frequently it
has been obgerved that in 1 L. snd 2 L. flasks & toxie
filtrate would not produce a highly sluggish fermentsion
even though the same toxio filtrats would produce final
agiditles of 5.0 and 9.0 in tubes and small flasks.
During the firat part of this investigation several
attemptes were made to colleet all of the finmal produats
of a fermentation from a 1L. or 2 L. flask but in each

- case the flask would finally head, the acidity would
decrease and nearly a normal yield of solvents was pro-
duced. Finally it seemed that a highly sluggish fermen-
tation in these lerger flassks inoculated with filtrate
would be an exe¢eptiocmal rather than a usual opgurrence.
In tables IV and V are listed the carbon balances of
both types, the normal fermentation produced by sirain 101
and the fermemtation of strain 101 contaminated with a
toxic filtrate, but it must be repeated that th# sluggish
fermentation represented by the carbon belance listed is
not an mﬁ; of = highly sluggish fermentation.

The preparation of complete fermentation balances
required s guantitative analysis of a complex mixiure both
before and after fermentation.

The corn meal was analysed for moisture and carbo-
hydrate before the medium weme prepared., The moisture deter-
mnination consisted of drying the corn meal at 195'0. to 10500.



STRAIN 101

lMash 4.76 g« dry corn psr 100 e,

s Geoms ¢ Carbon s Mols ¢ H 1 -H +H

] t Grams 13 ivalue
Starch(Initial) & 61,00 ¢ 2710 & 377 1 © 1
Starch(Finel) 1__4e86 5 _1.89 s 4027+ O
Starch(Permented) 56.74 ¢ 235,81 : 350 ¢ 0 3
Hg t l.122: - t +561 1 2 3 t 1.122
co2 4 335,80 & 9,66 & 4808 1 -4 1 -3,232
Butanol $ 11,68 1 7.50 31 J1B6: 8
Acatons 3 6424 3 3,87 ¢ L10": 4 3 1 428
Ethanol 3 ,gfgg;‘ 1e04 ¢ 4044 3 4 ¢ $ #1176
Acetylmethyl carbinol.45: 25 1 ,0051: 4 3 1 020
Butyric aecid $ l.31 @ «71 $ +015 3 4 $ : 060
Acetic sold : 2454 : 1,02 3 L0423 O 3 3 -
Formie acid : Trace : - 1 - 3 -2 1 3 -

24.08 —3.232 s 3.004

Carbon accounted for 95.4%

Solvent »atio in grams 5.78 & 3.12 1 1,00
Mols CO2 s Mols Hz 59.0 3 41,0

Mols acetic acid : Mols butyric acid

28 3 1.0



Starch(Initial) 614001 27,10 s 3773 0 3

Starch(FPinal) ¢ __5.50t _ 2,46 s _,034 3 _O 3
Stareh(fermented)55.503 24.64 : .343 1 0

Hp _ 1 1.098 =t J544 2
Cog 4 35.451  9.67 1 4806 1 -4 1 -3,220
Butanol : 11.51: 7.46 31 1851 B8 1 : 1.240
Mcten& | 1 B.003 3,72 3 1033 4 3 1 .412
Ethanol 1 1.96: o937 1 040 3 4 t <160
Aﬂetymatwl t ,&Mx{ +18 ¢ L0036 4 3 1 .014
earbinol ‘ -
Butyric asid ¢ 1.8l ¢t .88 : 0183 4 3 : J072
Aeetic meld 1 2,59 1 1.03 1 .0433 0 1 s -
Formioc acid 1 Trace 3 - 1 t -2 3 ' -
23.91 1 | «3.3308 2,986

Carbon accounted for 96.9%
Solvent ratio in grame 6,19 : 3.16 & 1
Hols CO2 : Mols Ha 597 &t 40.3
¥ols acetic asid : Mols butyric asld 2.4 : 1.0
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to ae#atmf weight and determining the loss in weight.
The three or four hours required for drying did mot
discolor the aﬁrﬁ meanl. Tﬁt earbohydrate estimation was
performed by secid hydrolysis of the starch (56) and the
] suﬁua@umt determination of the redueing sugars by the
method of Shaffer and Hartmann (39). The total amount
of carbohydrate was csleculated as stareh. The particular
sample of corn meal used for these fermentations contained
11.38% moisture and 65.2% carbohydrate, esloculated as
starch. The medis consisted of 93.5 g. of corn meal in
a volume of 1740 and 1760 ec. after sterilization, or
4.76 g. and 4,71 g. of dry corn per 100 ee. of mash,

| The complex fermentation mixture was analysed for
solvents, including n-butanocl, acetone and ethanol, vol-
atile acids, acetylmethyl carbinocl, and the residual
carbohydrate was determined as deseribed mbove. The nonm-
volatile acids were extracted with ether and titrated with
0.1 ¥ N¥aOHe. On the basis of the work of Stiles, Peterson,
and B‘rﬁ. (46) the non-volatile acids are probebly mot
dissimilation produects of the earbohydrates but come from
the protein material, and in either case were only 5% of
the total aeidity.

The method used in the solvent estimation was to

measure 300 ec. of the beer into a distilling apparatus
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with a slight excess of CaCO3 or an squivalent amount of
¥aOH solution and distill 100 ce. into a volumetrie flask,
The receiver was kept cool in a trough of running water.

The speeific gravity of the distillate was determined

with 8 25 e¢c¢. pyenometer at §§,. From data on the spe-
eific gravities of the knevngiﬁlutians of solvent mixtures
in a ratio of 6 g. n-butanocl, 3 g. acetone and 1 g. ethanol,
the following egquation for the calculation of the total

solvents (T) was derived, °

The distillate was diluted 10 te 100 for the
Mess inger method for determining scetone, as outlined by
Goodwin (21), This method was checked on prepared solutions
eontaining the same smounts of m-butanol, acetone, and
ethanol as found in the fermentation distillates and the
\arrar due to the presence of ethanol was not over one part
in 100, The aleochols were determined by measuring their
redusing power against Ka2Cr207 and H2804+ The conditions
were maintained so that the oxidation of ethanol to acetie
acid as messured by the nggyv used was practieally quan-
titative. These conditions caused the oxidation of n-butanol
to use more EKplr207 than that required by the theoretieal
conversion of n-butancl to n-butyric acid. In order to
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caloulate the concentration of both aleohols, it was
ﬁeaaawma% to titrate the original distillate and record
the amount of K2Cr207 used (M3) and them extract with a
double volume ef CCly st 25 C. and titrate the aleshols
remaining in «wc aqueous layer., The KoCraOv used (Mp)
fer the second titration ﬁwm‘woab&aun and the concentra-
tions (expressed as g. per 100 co.) of the algohols in
the distillate caleulated from the following empirical
squations, derived from data covering a large variety of

solutions of known concentration.

Bquation 3 BuOH g 025 (M) - Mg) -0.01 M3 - 0.05 Acetone
Bquation 4 BOH w 0.118 M) ~ 0,80 BuOH - 0.04 Acetone
Equation 5 EtOH 2 0.22Mp - 0,09 M3 - 0.01 Acetone
Bquation 6 ELOH z 0,124 Mg ~ 0.35 BuOH - 0.03 Acetons

n@n&aaw»a&u&aﬁaw be applied to the values obtained from
all of the eguations, exeepting Egquation 4, due to the fact
‘that M2 is not a linear function of the concentration.

The values for the ethanol concentration were
ealoulated using three different equations and the average
values did not differ by more than three parts per hundred
even for the small smounts found in these fermentation

distillaten, which conteined relatively large amounts of

# This method has been developed by several workers in this
laboratory and details will be published later.
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n-butanoles The accurasy was also checked by comparing the
total solvent concentration found using specific gravity
with the sum of the caleulated coneentrations eof n-butanol,
acetone, and ethanol.
Distillate from : Distillate from

Hormal Flask : Filtrate Flask
8+ par 100 see : go per 100 ge.

Total solvenis by specific gravity 3.50 3 3.30
Sum of m~butanol, aceions, and ethanol 3I.46 ] 3034

The volstile acids were distilled in anm apparatus
which provided for the addition of distilled water during
the distillation. The residue eontaining the Na salts that
remained after the distillation of the solvents was acid-
ified with 10 c¢o. of 5 N sulfuric aecid and distilled until
sbout 100 - 150 e¢ec. of liquid remained in the flask.

?hﬁn distilin& water was added to keep the volume constant
 while the distillation continued, producing in all 500 ec.
of distillate. This itype of separation fﬁr volatile acids
is not enti:aiﬁ gquantitative but since more than 96% of
the total seidity wes ahﬁaina& in the distillate the
recovery of volatile acid mn#t have been quite ecomplsete.

| The chemieal method of Fyleman (15) was used

for estimating the butyric acid in the volatile acid mix-
turs. The method is based on the reducing power of butyrie
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in 8 EgCrg0n and HaS804 solutlion under specified conditions.
There is one precsution that must be observed and that is
to boil the solution of the wolatile acids, containing a
slight excess of NaOH, nearly to dryness three or four
times t0 sliminats the high boiling materiales which are
carried over in small amounts during the steam distill-
‘ation. The acetic seid was obtained by difference.
" The distillate was wgwwu& for formic seid by refluxing
100 @e. with HgClg solution but only questionable trages
of HgalClsy nﬁa precipitated. |

The fermented mash was treated to estimate the
‘amount of @@w@gﬁﬁw earbinol as directed by Wilson,
Peterson and Fred (§4). The scetylmethyl carbinol was
oxidized with PeCls to diacetyl (B.P. 88 C.) which readily
distilled over and wes pracipitated by niekel and hydroxyl-
_§§¢ as the nickel salt of dimethyl glyoxime, These authors
and Donker (4) all believe that the method gives results
which are too w@? In connsction with this determinstion
the solvent distillates were eﬂgwwmm for the presence of
acetylmethyl earbinol since the scetylmethyl carbimel in
sppreciable smounts would use part of the KoCra09 in the
determination of the aleohols. The boiling point of mcetyl-
aﬁg carbinol 1s 140°- 144° C, and this explains why
only traces ,ew the compound were found in the solvent dis-
tillates. The amount would probably be entirely negligible



in the KpCrp07 used,

The fermeniation gases were collected in a 20 L.
bottle over saturated NaCl sclution. The volume was meas-
ured by removing the gas with & oalibrated 5 L. gas contain-
er which was fitted with a i%wn}.ing bulb. The volume could
be read within 2 ~ 3 oc. A 100 eo. gas burette was used to
sdjust the volume of ges in the large gas bulb to the mark,
It wes found that the ges could be also read directly from
marks on the side of the 20 L. bottle. If corrections
were made for the difference in level of the salt brine
(Spe Geo 1420 ,gg) in and outside of the bottle the reading
obtained directly from the bottle sgreed with the more
precise resdings obtmined with calibreted gas bulb within
2 to 4 parts per thousands In both cases the volumes wers
gorrected for the vapor pressurs of the saturated NaCl
solutions at theiy respective temperatures. These values
wers obtained from the tables published by Leopold and
" Johnson (28).

The gas mixture was analysed with a Williems
apparatus. The wvalues for the ¢arbon dioxide absorbed by
KOH on duplicate determinations checked within two parts
per thousand and the hydrogen percentage could be made
to agree within two or three perts per thousand by choos-
ing the proper smount fivr explosion. A moderate excenss
of oxygen waszs used to explode the hydrogen. Frequently
the air in the gases was estimated by absorbing the oxygen
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in alkaline yyragnliata solution and multiplying the
oxygen yqraentag« by five, The fermentation flask was
swept with three or fouxr liters of éeg free air after
the gasing had ceased. The COp dissolved in the mash
was estimated from the difference betueéa the boiled
and unboiled acidity but it wes only a very smsll per-
centage of the totzl carbon dioxide.

The final carben and oxidation-reduction balances
similar to those of Johnson, éuteraea and Fred (24)
uﬁaapt that H values were recorded instead of Hp values
alaé.s;rvéyta check the accuracy of the analytical proeed-
éraa in general alihough there are undoubtedly ecompensating-
errors. The carbon balance of the normal fermentation
agrees fairly well with that of Donker (4) for the Weizmann
$$¢tgria in 4% corn mash, See Table VI. The values for
ecetylmethyl carbinol sre farthest apart. It is interesting
to note that even though there is not very good agreement
‘between the n-butanol values and only falr agreement be-
tween the acetone values, that 1f the total solvents are
gompared ﬁha check is very surprising. It seems possible
that part of the sthanol may be included in Donker's value
for n-butanol.

sinny the larger flasks did not produce highly
sluggish fazmmatstiéaa, smaller flasks warakiaaaulated
with & toxie filtrate #né a sus¢eptible culture, sallowed
to ferment, analysed and compared with similar analyses

on normal cultures.
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Thess determinations were made before the method of Fylemasn
was introduced into this laboratory.

The residusl e¢arbohydrates were hydrolysed by
2% HpSO4 during the distillation of the volatile acids and
may not represent absolute values but are sufficisntly
aceurate for comparison,

The results tabulated in Table VII represent the

outstanding differences t0 be sxpected betwsesn tha normal
fermentation and the sluggish fermentation which gives a
lower solvent yield and higher volatile acid content, with
ralatively incomplete utilizstion of the earbohydrate.
It is rather striking that the ratio of butyrie acid to
avetic acid is higher for the sluggish fermentation and
is fairly close to the ratio found at the aeidity peck
by Stiles, Peterson, and Fred (47).

The ges ourves from & sluggish fermentation
of 5.00% soryn mash are shown in Fige 5. This fermenta-
tion was typieal of these observed in ome liter flasks
inoculated with a toxie filtrate and a susesptible culture.
The inoeulation ratio was 2.5% of a vigorous twenty-fourx
houy culture of strain AR11l. The fermentation produced
8 good head after 44 hours while normal fermentations
produced heads in 20 - 24 hours. The maximum rate of
grs produstion gecurred at the forty-fifth hour but the
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maximum for o mermal fermentation oeccurred at the thirtieth
hour. The solvent yield and final acidity after 80 hours
of fermentation was practicelly normal.

The irregularity of the xluag‘i.ih pringiple in
large and smell flasks was attributed to a varistionm in the
oxygen relationship. If ths organisms were meore adaptable
to traces of aéwgm than the siuggish primeiple, then the
tubes and small flasks which wers essily and quiekly swept
free of alr Uy fermentation gasss would have bscome mors
sluggish than the large flasks. There was some gqualitative
evidence for believing that the sluggish prineiple was more
susceptible to traces of oxygen than the butyl organimsms.
It was kuown, during epidemics of sluggishmess in the
fermentation industry, that aeration of the fermenter was
sometimes helpful in obtalining & better solvent yleld, and
&8 was previously memtioned, flasks containing a toxie
filtrate usually have higher acidities if they are not
disturbed than if they are shaken or stirred ocmimlly;

It was hoped that some semi-gquantitative inform-
ation might be obtained conserning the effeet of the oxygen
tension on the metion of the sluggiseh prineiple by warying
the surface of a givem amount of mash. A surfacse coefficient
was ¢aleulated as follows,
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Values were oaleulated using eguation,
BuOH £ «764 R = +1453 M3 - 1.3874 - 10,08,
derived from data on prepared solutions eontaining knowm
smounts of butanol, ethanol, and acetone. R « Zeiss immersion
refractometer reading 35°;,ﬁ1 = same as in equation 3 and 4.
A g Agsetone concentiration.
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Area in om. -l

+

Surfaece Coefficient

Volume in em.
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teken as a measure of the solvents produced. The fermen~
tations were not highly sluggish but there is enough diff.-
srence to show that the presence of a small amount of the
filtrate may be just as effsetive as a large amount.

The ac¢id produced was in agreement with the solvent ylelds
showing that the toxie material was catalytie or autogeniec
in nature rather than a supply of substance from which acid
was produced.

The cell eounts plotted in Fig. 7 wers obtained
by the Fries differential method eof counting (14). The
population of beacterial cells per cubic centimeter of 101
culture in 5% mash was nearly the same as reported by MeCoy,
Fred, Peterson and Hantiﬁgs {(31).

The methylens blue technic was to mix 20 ce. of
the fermenting mash with 1 ce. of 0,57 methylene blue sol-
ution and incubate at 3’?’6. The methylene blue reduction
values in Fig. 7 were obiained by inecubating in an air bath
meintained at 3756. but the values in Fig. 8 were recorded
after incubation in o water bath at 37 C. The disappear-
ance ¢f the blue color was chosen as the sndpoint, but
frequently slight greenish tinges remained at some stages.
The surface remained blue after the main portion of the tubs
had beoome ¢olorless. The determinations on duplicate flasks
usually checked within one or two minutes except at the

stagsk when perieds of 30 minutes or more were required for
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Bacteria,
Billions
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Fige 7. Comparison of Normal Fermentations

A Normal fermentation, Strain 101, 5% corn mash, 37%,

B. Sluggish fermentation, Strain 101, 5% corn mash,37°,
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reduction to take place.

| The toxie materisl in the filtrate depressed the
¢ell reproduction for a time as is shown by the curves in
Pige 7, but the same phenomenon ocoured as that described
above for large flasks. The culture sppeared sluggish

for 36 hours but thaﬁ seemed to exeri itself to overcome
the effect of the slyggish principle and thenm the cell
eount exceeded that shown by the normal sulture. The acid-
ity curves were included to give & measure of the progress
of the fermentation. '

Fred and Peterson (36) have shown that theiy cell
gounts and the time required for methyleme blue reduction
were eorrelated and in this experiment the data om the
reduction of methylene blue indicates that the sluggish
fermentation was slower in starting but remsined active
for a longer period of ii&ﬁ.

Ayﬂfudy was made to determine the effest of the
toxic filtrate on the hydrolytic proscesses of the butyl
organism in corn mash, The results are represented graph-
ically in Fig.8+ The reducing sugars were produgsed more
rapidly in the normsl fermentstion then in the sluggish
one. The Shaffer Hartmann methed (39) of determining
reducing sugars gives results that are too high becsuse

there are other substsnces besides glucose in the resction



Methylene Blue « 60 -
Reduction ‘

Time in

Glucoge (g/100 cc)

Minytes

90| 0.5q.

80
0
60
50
40
30
2,0"
10

00

formol
titra-
tion

D cc OelN
acid
per
»10. co
2,0

1.0

Figo 8,

A
'Bo

Ce
D.
E.

0 10 20 30 - 40 50 60 70
"hours of fermentation

A Comparison of Normel and Sluggish Fermentations,
Reducing sugars, calculated &s glucose, in a normal
fermentation Strain 101, 5% corn mash, 37°C.

Reducing sugars, calculated as glucose, in a sluggish
fermentation, Strain 101, 5% corn mash, 379,

Methylene blue reduction in a normal fermentation,
Methylene blue reduction in a sluggish fermentation.
Formol titrations in normal and sluggish fermentations.
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mixture which will reduce Pehling'sm solution, for esxample
agcotylmethyl ¢arbinol and traces of aldehydes which might
be present as intermediaste producta. The reeults were
satisfactory at the begimning of the fermentation since
the interferring substances were produced in the latter
part of the fermentation and even themn the results may be
un:ad‘,ter comparative purposes. It was evident there was a
&utiuet lack of redueing substances in ths sluggish
fermentation when ecompared with the norms]l fermentation.

A formol-titration of Soremson was used as a
convenient chegk m/ the protasclytie difference between 3
normal fermentation and a fermentation in the presence of
a toxie filirates The formol titration in = normal fermem-
tation even after 100 hrs. was less than 0.756 e6, of 0.1 X
base for m og, of the medium and no signifieant difference
was observed between the normal and the sluggish fermentationm.
The amine-nitrogen e¢amleulated from the above formol titration
on the assumption that there were the same number of earboxyl
groups present as amino groups wes 0,217 of the corn whiech
iz close to the value 0.24% reported by leCoy and othars (31)
using Van Slyke's method for determining the percentage
of amino-nitrogen.

In order to obtain further information conserning
the effeet of the sluggish principls on the proteolytie
sctivities of the butyl orgsnisms, Levine and Carpenter's (29)
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‘methods were applied in a study of the growth in gelatin.,
. The medis were made up ss suggested by Lsrinc send colleagues

{29,30) exespt that both plain and glucose gelatin were tried.
The compesitions of the media are given below.

lain v _Glugose Gelatin
20 g« gelatin (Basto.) 20 g. gelatin (Beaeto)
1 g. peptone (Bacto) 20 g. gluscss
3000 ¢uv. dimtilled water 1000 oe. dintilled water

1 g. peptone (Baecto)

The media iﬁr& sterilized im 200 oc. portions for 15 min.
at 15 pounds pressure in 300 cc. Erlunuayér fig;k:.
Af%arviueaﬁlntiea, samples were removed at intervals
aseptieally and viseosity determinations and formol
titrations recorded. |

Two susceptible struina and one resisteat strain
of butyl organisms were tested, 4211, 101, and FBB.
Tha affect of the sluggish principle was tested in the
presence af & susgeptible culture and in a control flask.
Other control determinations ineluded the plain eontrol
flasks testing the media for sterility and constemey during
the czpertﬁan%, 2 contreol flask containing a Imown liguifier
B guaveolens, and anather flask containing a

Xnown mom-1liquifier, Escharichis goli.
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éil gultures were grown at 3?’&.; even though
that is above the optimum for the Flavobacterjium suayeolens.
The butyl organisms were grown in anaerobis Jars repeatedly
mraeuatgﬂ until the mediwm began to boil and then wese
flooded with &itragan. Traps were attached to liberate
fermentation gases. The butyl gultures eould be grown
under these conditionms in glucose gelatin even though the
inoculation yatio was less than 0.,08%, or two platinum loops
of corn mask #u&ture in 200 é«. The toxic filtrats was
added in only small amounts, two drops for 200 ce.

The butyl organisms did not grow im the plain
selatin.i;Tha:médiam,ra&aineé perfectly clear, there was no
evidence of gasing and the seidity remained constant.

After thg experiment was @anglnté& & small portion of the
medium was inooulated into corn mash and it was found that
all flasks sxcept one produded growth in coxn mash showing
that viable oells existed throughout the incubation pericd.
| Sorenson’s formol titration, chosen by Levine amd
Carpenter (29) as a convenient method of detecting the hy-
drolysis of the gelatin is really a measure of the carboxyl
groups rather than the amino groups, because the increase
in scidity is determined after the besic emimo. groups
are "muzzled® with formaldehyde. The techniec used was to
titrate 5 ce. of medium to the neutrsl point of phenolph-
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thalein with N/10 NaOH. Then 10 ¢c. of moutralized 356% -
40% formaldehyde solution were added and the mixture
allowed to stand at room temperature for 20-30 minutes,
followed by titrstion to the meutral peint for pheaolph-
thaleins. The second titration value was a measure of the
smino acids present. Even though the formaldehyde solution
was nearly neutralized a blank wus always determined and
subtracted.

The butyl organisms did not produce any appreciable
incrense in the formol titration (See Fige. IX) either
normally or in the presemee of the texie filtrate.

ghiag geli flasks did not incremse in formol titra-
tion, but the Flavo riun guaveelgng produced a titra-
tion value of 7.80 @c. of E}le NaOH for 5 eo, of medium
in both gluecse and plain gelatin. |

An Ostwald viscosimeter was used at 40.0  for

the viscosity studies. The gelatin was rejuvenated as
suggested by Levine and Shaw {30) before sach measurement
whioh kept the conirel flasks constant for wore tham 100 hrs.
and which was helpful in removing the dissoclved gases.

The gelatin solutions gave very satisfactory viscosity
readings and the only precautions observed were to rejuvenste
a sample end then pipetie off 5 go. of the supernatant
solution for the viscosity measurement. Several readings
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were taken on the pame solution and in nearly all cases
duplicate readings checked within 0.] second snd the least
precise readings varied only 0.3 second apart. The speeifis
gravities of the liquids were constant betwaan the linmits
1.005 §0; and 1,008 4% at all times, Therefors the time
of flow in the viscosimeter was plotted in Fig.X instead of
relative viscosity. The viscosity curves obizined on the
three strains of butyl organisms and the strain in the presence
of the sluggish principle were nearly identieal and the generval
form of the curves was the same as those found by Stahly and
Yerkmaen {51) for the group of butyl organisms liquifying
gelatin, The flask containing twe drops of the toxic filtrate
was identioal with the control and the Zsgheriehis goli flask
was very nearly the same as the control flask. The Flavo~
‘bacterium suayealing wes only slightly more effective in
reducing the viscosity of the glucose gelatin solutions
then the butyl organisms.

There wae a noticeable decrease in the visocosity
of the plain gelatin solutions even though the butyl organ-
ismp falled to grow. The resulis with the butyl strains
were much more irregular in the plain gelatin than in the
glucose gelatin. The srowth in the glucose gelatiin was
nearly identieal with all the strains tested. If the groups
of Levine and Carpenter (29) are used, these butyl strains

whioch are probably of the species Clostridium acetobutylicum
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Fige 9, Formol Titrations and Acidities in Glucose Gelatin,

Ae. and De Formol titration and acidity of Flavo-

bacterium suaveolsns. 37°C.

E. and B, TFormol t{tration and acidlty of a normsal
fermentation. 37°C.

"Ee and C. TFormol titration and acidity of a sluggish
fermentation, 37°C.

F. Control, and a control plus 2 drops of toxic

filtrate.
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as characterized by HeCoy and others (31), belong in the
intermediate group inecluding thope speciss which decrease
the viscosity of the gelatin medium but do not significantly
change the formol titration. It is further evident that the
decresse In the viscosity of the gelatin is probably not a
atay'in the preparstion of food material since the viscosity
of tle plain gelatin is decressed even though it is appareamt
that the bacteris were unable to grow and use it as food
material. The addition of 27 glueose to the medium produced
vigorous fermentation, It seems well that a group has been
reserved for organisms such ss theae‘whieh-éertainly attack
the gelatin, but still do not appear to use it as & source
of food supply nor bresk it up into amino acids.

Legg (27) has suggested that the filterable
sluggish principle might be a bacteriophage and it might
therefore be sxpscted to produce lysis of the bacterial cells. '
The tests were patterned after those described by d'Herelle (23).
A glear broth was chosen for culturing the butyl bacterie
similar to that reported by Weyer and Rettger (52).

It had the following compositionm @
15 g. malt extract (Bacte)
30 g. sucross
1 g. KpHPO4

1 L. water
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The butyl organisms grew vigorously in this malt extraet
broth and small colonles ecould be obtained by adding 1.57%
agar to the above broth and incubating the plates in an
anaerobie jar or using the invertsd cover technigue of
Krumweide and Pratt (26)., To test the lytic effect of
the toxic filtrates, tubes were inoculated with 1 drop,

10 drops,s and 20 drops of filltrseate and then inosulated
with a2 butyl culture, and observed closely. After twenty-
four hours plates were made from each of the above tubes
and from & control tube. Hanging drop mounte of the broth
sultures were observed but there was no evidence of lysis
elther microscopically or maeroscopically in the broth
eultures. The tubes remained turbid until the organisms
finally settled to the bottom. The bacterial colonies on
agar were examined vith the low power objsctiive of the
mioroscope but no lysis was observed. The normal colonies
and the filtrate colonies appeared identical.

Heating the toxie filtrates either attenuated or
destroyed the sluggish prineiple. The experimental evidence
was obtained by inoeulating several uniform tubes of 5%
corn mash with a toxiec filtrate. All of the tubes sxcept
two were plunged into a large beiling water bath and then
two tubes were removed, ¢ooled guieckly at the following
intervals, 1, 2, 4, 6, 8, 10, 13, 15, and 20 minutes,
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All of the tubes were them inoculated with a vigorous
24 hour susceptible culture (Strain A211). Twe normsl -
tubes were prepared for comparison. The heads on the tubes
wers observed at 20 hrs., 24 hrs., and 40 hrs. and in some
cases the final ascidities were determined es a check.
The results of the experiment described were fairly eon-
clusive. The tubes heated 8 min. or longer in a boiling
water bath produced excellent heads, while tubss heated
6 min., or less, developesd only fair or poor heads.
Apparently the sluggish primeiple in 5% corn mash tubes
was destroyed or attenuated in 6 - 8 minutes time in a
boiling water bath, The experiment has been repeated several
times with different filtrates and it seems that 2 - 4 min.
time in 2 boiling water bath is ususlly sufficient to
eliminate the effeet of a toxie filtrate in s tube of 5%
gorn mashe In one particular experimsnt a well defined
difference was observed between a 2.0 min. and a 2.6 min.
interval in the bolling water bath. The final acidities were
also distinetly different and they confirmed the conclusions
based on the observation of the heads.

The above experiments werse repested subjecting
the toxie filtrate tc heat shock at various pH values.
A flask of about 500 ¢c. of 5% em mash was sterilised
in the autoclave at 15 pounds for two hours and then sterile,
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At ﬁﬁﬁixz an air bath the sluggish prineiple was
destroyed with 40 - 60 min. exposure. The nsthed used is
not sufficiently ’prwiu to detect significant differences
in the thermal desth time at the pH walues used, but the
method did permit a qualitative or semi-quentitative study
of the thermal resistance of the slugglsh prineiple.

In order to determine more clearly the conditions
which prevailed within the corn mash tube during the heat
shoek experiments, a thermometsr was inserted in a tube
of mash so that the bulb was in the center of the tube.

The tube was heated in boiling water for varying periods of
time and the temperature observed. To read the thermometer
the tube was removed from the bath and the time and the
highest poimt whish the meroury reached was regorded.

The tube was sooled to about 27 - 28  before heating again.
Using the same tube duplicate determinations checked within
ﬂ.ﬁg after 2 minutes heating and 1.99 after 0.5 minutes
heating. A saf?&m& garies of values was obtained &t another
time on an entirely different batch of mash in another tube
but the greatest difference is sbout 39. The graphic rep-
resentation of the results is shown in Fige. 11 while the
experimental data is listed in Table XI.

The heating curves indicate that the general
relationship 10g AT = - KM +log (98 - 27) for a linear



Temperature
100 0.00
80 0450
60 1.00
Log
(98-T)
40 1.50
20 ' = ' | 2,00
0 : 1.0 2.0 3.0 4.0 500

time inminutes

Fige 1l. Curves Representing the lHeat Transfer from
a Boiling Water Bath (98°C.) to the Interior

of Corn Mash Tubes.

Ae T m 98 - 10(1.85 - .4)
Be Log (98 - T) =-KM + log(98 < 27)



t ¥ 3 T 3 Te 3 98 T 1 Log (98-T) ¢ K
s

: 3 : salo. 3 :

o35, o1 2° 2 o+ m b o1em 1 -
it 05131 66 3 B3 43 1 1.643 1 43
t 1,03 67 ¢ 70 13 31 3 1.492 1 36
st 2,03 8 3 87 16 ¢ 1.204 3 32
: 3,013 91 3 93.53 T 3 +846 1 34
t 4.0 3 95,5 3 96»2? 2e5 ¢t 4398 I 236
8 6.0 3 97.6 ¢ 27.7s Oub :&va;:gi 3 :§§
s 0 3 27. 13 27 1 73 31 1.851 : -
s 0,6 s 51 H 53 3 3 s 1868 s o557
t 1.0t 705 ¢ 770 13 B7:5 3 1.440 T .41
t 2.0 87 3 87 3 1} ¢ 1.042 P <41
t 302 92 3 9346 6 1 778 8 36
3 4,01 96 3 96.2: 2 3

1og AT w Log (98 « T) = =K M + log (98 = 27)
K g /M [ 1.851 - leg (98 - 7))

Using 0.4 as an average value for X and 3?‘&. for T’ the
experimental relationship , T g 98 - 10 (1485 = .4i)
may be derived. The equation wes cheecked by comparing
the obsexved T and the T c¢aleculated in Table XI.
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equation is approximately correct for periods of time up to
5 or 6 aim:tm; The term ( AT) is the difference between
the temperature of the h&th,<9&e,hanﬁ the temperature (T)
in the tube after (M) minutee in the bath. ”hc term K is
| a constant whiah is a funatien of the mash anaeautratien,
the thiakaana af tha~tuba waiin and any othar faatora
“ whiuh effect the rate of the hoat trmfsr.
| Tha reﬁults from the sxperimentu ragarding the
' thermal death point of the sluggleh prineiple suggest that
part of thc advantaga in haat shneking spores of a butyl
:,culturs when starting a fermentation may be dus to the
- destruction of the sluggish grigaiple whieh may have cone-
. taminated the culture or the medium., The tims frequently
-used is two or thres minutes in a boiling water bath or
10 minutes at 80 which would be very nearly the time re-
gquired to destroy the sluggish principle.
The filtrates prepared at several different pH

taiuaa during the study of ﬁhe affeat of pH on filtration
were tosted three monthas 1a$ar in order to determine the
effact of varying H« ion aaneuatratians on the keeping
of the sluggish prineiple. The tubee were stored in a
cupboard at 229- 279 C. As may be seen in Fig. 2 the
various filt:aﬁians were nearly constant in virulence except
for the ones filtered at pH 4,35 and 4,40, The pH values
of the filtrates after filtration were the onses plotted
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Table XII lists s set of data obtained during one of the
dilution expsriments.

ZADLE X131

Filtraté dilution : Head 28 hrs. 3 Final acidity 86hrs.

1 ec. ~ 1,000 ] HE s Be2 5.9
1 e¢. - 100,000 3 EH 3 3.8 4.2
1 ecs = 10,000,000s EH ] 37 4.0
Controls 3 BH 8 3.8 4.0

The above test indicates definitely emough that
“there wers between 1000 and 100,000 units of the sluggish
principle per ee. in the above filtrate. The head forma-~
tion and the final acidities were in agreement. Semi-
gquantitative determinations of the coneemtration of the
sluggish prineiple in filtrates may be made in this mannaer.
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Yhether or not the material ahaul& be classed as a bact-
eriophage may be definitely determined in the future but
st present the sluggish principle has not beem observed
to yraéaan lysis of the bacterisl cells and therefore
does not definitely belong in the group termed bacterio-
EW‘- prineiple

' The motion of the sluggish/is to rstard all

of the normal fanatiann of the bacteria csyecially the
mechanism ﬁha?ahy the acids are comverted to nesutral
products. The final result then depsads upon whether

the cnnvmrsiea'af acids to neutral products ococurs bpfore
the inhibiting secidity snd H - fon setivity is reached.
Whers the action of the sluggieh prineiple is only mild
the aeidity peak is higher and broader than in a mormal
Termentation but the bacteria finally become active enough
in converting the aeid to neutral productse so that the
acid is utilized slightly faster than it is formed;

the acidity finally drops and the fermentation gradually
becomes more zﬁp&& and a nearly aarmni yield of solvents
may be prodused. If the sluggish primeipls is viruleat
&uaﬁgh, the conversion of acid to neutral produsts is
delayed so long that the acid formed becomes imhibitory

to all of the functions of the bacteria and the fermenta-
tion finally stops with only part of the carbohydrate used
and without any decrease of the asid content.
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