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I INTRODUCTION

Many sgricultural wastes or agrioculturasl residues
accumulate each year throughout the world., These wasates
inoclude straws, stalks, steas, hulls, cobs, shells, and
pode. Some may be considered trade wastes, since they
are derived from the processing of farm coropse which have
been transported to the factory and have been separated
from the prineipal product there. Hence at the back-
yards of national industry there are amassed great heaps
of such residues. The acoumulation of these bulky resi-
dues has presented the industries with a serious problem.

Outstanding among the industries facing these prob-
lems are the processors of wood, sugar cane, cottonseeds,
peanuts, rice, and oats, In each of these industrial arts
there exists the problem of how best dispose of the re-
spective wastes, namely: wood wastes, sugar cane bagasse,
gsottonseed hulls, peanut shells, rice hulls and oat hulls.
It is with the last named raw material that this thesis 1is
concerned,

Statistics on the annual production and avalilablility
of certain of the asgricultural byproducts have been
sollected by the United States Departament of Agriculture
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in a recent report on the proposed regional research
lsboratories (1), For the years 1931-35, inclusive,

data are given as follows:

Estimated quan-

tity of 4ary by-
product avail-
Average annual able for in-
production dustrial use-
of 4ry productetons Tons.
Cottonsesd hulls 1,185,000 683,000
Bagasse fiber 3,699,000 3,699,000
Rige hulls 182,000 182,000
Cat hulls 4,881,000 180,000

The question of how to dispose most economically of
these residues has not yet been satisfactorily answered.
Most frequently in the past these masses of materials have
been burned at the factory as a fuel, and in some cases
the ash produced could be employed as a fertilizer. Al-
though the cellulosic wastes are not particularly good
fuels, a tremendous tonnage can be 4lsposed of by this
praotice. However, it is belleved that these materials
have greater potentialities chemically and that other
modes of 4disposal are possible. One possible device for
utilizing wastes, that of destructive distillation, has
been discussed recently by Jaocobs (2). A second channel
for disposal of residues has been the technical production

{1) U. 8. Senate Document No. 65 (1938) p. 5l.
(2) Jacobs, P. B., Ind. Eng. Chem., 32, 214 (1940),
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of furfural by & series of hydrolytic and dehydration pro-
cedures,. Another method of approach is the poselble fer-
mentation of the wastes to produce s variety of utilizable
chenlocals (3).

These vegetable wastes are commonly termed “cellulosic
agricultural materials®, From the chemical point of view
they are composed not entirely of cellulose, Usually they
contain more than fifty percent of other subatances, chiefly
lignin and the hemicelluloses., It is with the hemicellulose
fractlon that we are here concerned. A typlcal analysis
given for oat hulle by Bryner (4) is as follows:

Nolsture ‘ 5.60%
Ether extract 2.02
Ash 7.32
Crude fiber 36.04
Lignin 20.69

Bydrolyzable to rcducin? sugars
(caloculated as xylose 38.10

The term *hemicellulose" was introduced by Schulze (5)
in 1861 to designate compounds extracted from plant materials
which were either pentosans or hexosans or combinations of
both. On hydrolysis such substances should yield only the
simple sugars, pentoses and hexcses. In 1926 Miss O'Dwyer
(6) found that so-called hemicellulese preparations contained
(3) Fulmer, E. I., Ind. Eng. Chem., 28, 206 (16386),

(4) Bryner, L. C., Christensen, L. ¥., and Fulmer, E. I.

Ind. Eng. Chem., £8, 208 (1936),
(5) Sehulse, E., Ber., 24, £277 (1891)

a——

(6) O'Dwyer, M. H., Biochem. J., 20, 688 (1926),
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in addition to ths pentose and hexose units still another
class of substance: namely, uronic acids, The pressnoe
of these sugar aclids has since been shown to be wide
spread in the hemicelluloses from various sources. Some
confusion exists in the bdreadth of the hemicellulose realm,
and the members which have been admitted from time to time
include the gums, pectins, mucilages, polyuronides, and the
polymerized saccharides such as the pentosans and hexosans,
The group has been defined by Norman (7) in 1937 as “those
cell-wall polyesccharides which may be extracted from plant
tissues by treatment with dilute alkalies, either cold or
hot, but not with water, and which may be hydrolyzed to
constituent sugar and sugar-acid units by bolling with hot
4ilute mineral acids.”

Hemicellulosee were isoclated from oat hulls by Anderson
and Krznarich (8) in 1935. On hydrolyeis they obtalined the
following cleavage products: d-xylose, l-arablinose, and a
uronie acid eompound that split into d-galactose and d-
glucurenic seld. It was concluded that the hemicelluloses
from cat hulls might be considered es a mixture of & xylan
and a polyuronide. 7The polyuronide contained d-glucuronic
eacld eombined with two molecules of d-galactose and with
(?) HNorman, A. @., "The Biochemistiry of Cellulose, the

Polyuronidee, Lignin, ete? London, H. Milford,
Oxford Univ., Press, 1937,

(8) Anderson, E. and Krznarich, P. W., J, Biol. Chenm,,
111, 549 (1935).
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e series of molecules of l~arablinose,

Examinetion of xylans in the laboratories of Hirst
and Haworth (9, 10} has been in progress for several years,
In 1834 the Engllsh workers found that xylans contalin a
feirly econstant proportion of lwarabinose units in cone
Junetion with d-xylose units, They showed that one arabo-
furanose unit wes associated with 18 to 20 xylopyranose
units in xylans, Evidence was offered to indicate that
the xylese units were joined dy a beta-linkage.

S8ince oat hulls, when treated with proper concen-
trations of dilute minersl acids'under sultable conditions,
produce hydrolyzates whioch contain reducing sugars, largely
pentoses, the idea sugpested itself of using the hydrolyzstes
as medis for microbiological growth and for fermentation of
the carbohydrates to produce useful chemicals. The purpose
of thie investigation was to study the methods of preparing
hydrolyzates with a view toward improving the media for
Termentation, To determine the fermentability of these
erude sugar solutions, a comparison could be made with
solutions of pure xylose. On the basis of pessible 1in-
dustrial application certain bacteria and molds were chosen
for study. The procedure should offer promise for appli-
oation to other materisl of similar composition and to
(9) Hempton, B. A., Haworth, W. K., and Hirst, E. L., J.

Chem, Soec., 1929, 1739,

(10) Haworth, W, N., Hirst, E. L., and Oliver, E., J. Chem,
SE_Q_Q [ 3 lga' 1917.



other micro-organisms,
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II  HISTORICAL

A, Xylans

Xylan is somewhat of a generic term for a polysaccharide
which hydrolytes to yield chiefly the pentose xylose. De-
pending to a certain extent on thelr vegetable origin,
various xylan preparations may differ among themselves,
Xylan was first 1solated in 18468 by Poumarede and Figuler
{11) who extracted wood with alkell and precipitated the
gum with acid and aslcohol. The history of xylan and of
xylose has been reviewed by Harding (12). According to
Harding, xylese itself was first prepared by Friedrich
Koch in 1886. Koch's procedure was essentially the game
as the method used today. Modern techniques have since,
of course, modified the details in order to secure the
greatest poseible yleld of the sugar from the best poae-
sible source. Xoch's procedure involved a sulfuric acid
hydrolysis of wood gum. This was followed by neutrall-
zation with baryta, clarification with charcoal, and con-
centration to a thick sirup. The filtrate from an alcohol
(11) Poumarsde end Figuiler, L., J.pharm, chim. ,(III)

12, 81, (1847),
(12) Harding, T. S., Sugar, 25, 124 (1923).



preciplitation of gums was then concentrated and the
crystsllization was allowed to oroceed during a few Jdays.
The new sugar Koch termed "holzzucker" but wes scon re-
named xylose. In 1891 Bertrand (13) prevsared xylose by a
direct hydrolysls of oat straw, instesd of first going
through the intermedlate isolation of the xylan by an
alkaline extraction. Hsrding calls attention to this
work ss the first instance 1n which a respectable yleld,
4% yleld of the sugar from the raw material,was obtalned, and
also the firset instence in which a direct hydrolysis was
used efficlently.

Xylan 1s widely distributed in the vlant kingdon.
It is found in most strawe, husks, woode, greins, and seeds.
According to Harding (12), xylose has been cobtained from
the following materisls: brewers! grains, corncobs, Jute,
apricot seeds, beechwood, hay, flax, oet and wheat straws,

Psyllium gellicum, the alkaline liquor of the paper in-

dustry, oat hulls, and cottonseed hulls. The suger has al-

80 been reported to have been found in the following: sun-

flower seed husks (14), birch and asven wood (15), white

(13) Bertrand, ¥. &., Bull. Soc. Chlm., (III),g, 555 (1881).

(14) Plyushkin E.Z. and Clutverikov ., J. 11ed Chem.
(u.s.8.R. » 7, 1008 (1934). £§ 5 3 E 519:555 7.

(15) uirlis, D.I. and Gorokholinsk a M. 9 Chem. Ind

(xascow) 12, 66 (1935). A, 29 ieis ll§3§!’
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soruce {18), fir and pine woods (17), bamboo {(18), bagasse
(19), cornstalks (20), the straws of rice (21) snd rye (22),
peanut hulls (23), pecan shells (24), =2nd recently tobacco
stelke (25).

B. Hydrolysils of Hemicelluloslc ¥sterials

Because of the ublquitous presence of xylose in plant
tissues, there exists quite an extensive literature on the
preparstion, and on the occurrence of the sugar in many
rew materials., Necessarlly the problems of saccharification
of cellulose (Berglus process) (26), as well as the
pulping of wood for paper have given rise to a closely
related Iiterature. %While the ovrocedures are, in genersl,

(16) Sherrsrd, E. C., and Blanco, G. ¥., Ind. Eng. Chen.,
5, 611 (1923).

{(17) Allgeier, R, J., Peterson, ¥. H., and Fred, E. B.,
nd. Eng. Chem., 21, 1039 (1929).

(18) Runkel, R., Germsn patent 676,408 (1933) /C.A., 28,
893 {1634)_7.

(19) sherrard, E. C. and Blanco, G. ¥W., Ind. Eng. Chem.,
12, 1160 (1920).

(20) Peterson, C. J., Doctorsl Dissertation, Iowa State
College (1830).

(21) Deshpsnde, D, D., J. Indien Inst. Sci., 134, 983
(1930) /C. a., 24, 4890 (19807 II.

(22) Suida, H., Ssdler, H,, and Noss, F., Pepier. Fabr.,
28, 345 (19830) /C. A., 24, 4389 (T%%ﬁ{?“'"h”‘

(23) de Belsunce, G., Bull. mst, grasses, 1926, 1
. A., 20, 2§3§'TT§23$“5 ==ef
(24) Thor, C. J. B, and Smith, C. L., J. Am, Chem. Soc. 86,
1640 (1934).

(26) Bennett, E., Ind. Eng. Chem., 29, 833 (1937).
(26) Bergius, F., ng. Chem., 29, 247
(1837).
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quite gimilar, nevertheless the success of any glven de-
velored orocess 1les dependent on specific modificstions and
detalls. In the cese of the Berglus process for the sesc-
charificatlion of cellulose, for example, much of its suc-
cess has been dependent upon the creation of equipment such
a8 acld-resistant digesters and diffusion batteries,

Among the many factors involved in the hydrolysis of
plant tissues are: (1) the type of plant tissue, (2) the
choice of hydrolyzing egent (sulfurlc ecid, sodium hye
droxide, etc.), (3) the tempereture, (4) the concentration
of the hydrolyzant, and (5) the time of hydrolysis,

The sugsrs from cellulosic materisls are commonly
obteined by tresting the plant tiseues with hot dllute
minersl scids. Such & trestment will oroduce a soclutlon
of the sugsre sepsrsble from the cellulose and 1lignin,
Under more drastic conditions it 1s possible to cleave the
cellulose into dextrose units and to leave princloally
lignin. With this treatment some of the pentoses are
degraded, but the incressed projduction of hexoses from
cellulose tends to offset this loss., In the aslksline
pulping of woods and atraws for the manufacture of paper,
the hemicelluloses and 1lignins are extracted while the
cellulose 1s left intsaect,

The degradetion of hemicelluloses by an enzymic



cleavage moy be considered a valusble aid in the destruction
of gtraws in the s0ll, but the process of rotting of straws
by miecrc-orgsnisms 1s usually too slow to be of much in-
dustrial ilmportance (except in retting).

The preasent paper will consider only the mild acid
hydrolysis of the hemicelluloses,

One of the limiting fsctors in the hydrolysis of
pentosans 1g the temperature., Lander (27) showed that
xylose sclutions were less reslstant to destruction than
dextrose in 4ilute sulfuric acld at varlous temperatures
in the range from 120 to 142 degrees centigrade. 1If
a xylose solution {(0.1%) were heated with 0.18% sulfuric
acid at 1420 €., the sugar was destroyed in less than
thirty minutes. Under the same conditions dextrose could
be exposed safely for three hours. Xressmen (28) pursued
the subject further to legarn some of the 1limits for dex-
trose. These solutions in 0.1% eulfuric acld were stable
at 1600 C. for fifteen minutes, were decompoaed but slightly
at 1759, but were largely destroyed at 185° C. The re-
lationshive exlisting between the conditions of temperature,
time, and concentration of hydrolyzsnt are all so intimate
(27) Great Britain Dept. of Scientific and Industrial Re-

search. Fuel Research Board. Fuel for motor

transport. Fourth Memo. 1927.
(28) Xressman, F. ¥., U.8.D.A. Bull. 933 (1822).



that a study cannot be interpreted properly if cognizance is
not taken of these factors simultaneouely.

Kreseman (28) in 1622 reported one of the first syste-
matic studies on the mild acid hydrolysie of the hemicel-
Juloses of plant products. His work was oconcerned with
the production of sugars from wood wastes for the purpose
of fermentation to alcohol with yeast, He determined con-
ditlons which would give optimum yielde of sugare and cone
ditions which would give optimum ylelde of aleohols. The
factore which he varied were:: the sulfuric ascid concen-
tration, the l1iquid-solid ratio, the temperature, and
the time of hydrolysis,

In 1930 Hall, Slster, and Acree (29) of the U, 8. Bu-
reau of Standards developed a method for the production of
crystalline xylose from cottonseed hulls. This procesas,
conducted on a semi-commerclal scale in Alsbama, wsas re-
ported by Schreiber, Geidb, Wingfleld, and Acree (30). An
outstanding feature of their procedure is the fact that no
alcohol 18 needed for the crystsllization. The essentlal
steps include: (1) a hot wster extraction of the cottone
geed hulle to remove the gums, which interfere with the
erystallization; (2) a cold dilute sulfuric acid
(29) Hall, ¥W. L., Slater, C. 8., and Aoree, 8. F., Bur. Stan-

dards J, Research, 4, 329 (1830).
(30) Schrem N, V., Wingfield, B., and
Acree, 3, F., Ind, Eng, Chem,, 22, 497 ('19:50).



extraction to remove the inorganic salts and minimize the
ash content; (3) an autoclaving with dilute sulfuric acid
and, after neutralization of the hydrolyzate, clarification
and concentration. After crystallization a separation from
the mother liquor was effected by centrifugation.

Bryner {(4) in 1934 conducted a study on the hydrolysis
of oat hulls with dilute hydrochloric acid., By systematical-
ly varying the temperature, and concentration, he obtained
values for the optimum conditions for producing sugars from
oat hulls,

Recent papers related to the hemicellulose extractions
have been published by Yanovsky (31) in 1932, and by Vil-
brendt, Mather, and Dicks (32) in 1940. Ysnovsky's work
wae a study of the course of extRactlion of hemicelluloses
by both dilute acid and alksline solutions from rice hulle,
pesnut shells, and beet pulp. The investigation by Vil-
brandt and co-workers on peanut hulls included measurements
of the rate of hydrolysis with dilute sulfuric acid of

varyling concentrations at temperatures below 100° ¢.

(31) Yanovsky, E., Ind. Eng, Chem., 31, 95 (1839).
Ibid. , 51.1“T§ZEB§T§3§TT
(32) Vilbrandt, F. C., Mather, C. B., and Dicks, R. S.,

Ibid., 32, 189 (1940).
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C. Xylose Fermentations

That 1ittle attention prior to 1820 had been pald to
the fermentation of xylose is evident from a survey of the
literature. A compilation of relationeships between sub-
strates, organisms, snd fermentation products by Fulmer
and ¥Werkman (33) in 1930 1lists only five micro-organisms
wvhich were employed in quantitetive studies on xylose
prior to 1820. 1In Table I pre listed thesc organisms along
with others which have since been shown to ferment xylose
and for which producte have been isolated from the fermen-
tations. In all cases the names of the orgenisms sre those
used by the authors cited. Since present-dsy taxonomy will
consider some of the older terms untenabdble, the possible
synonyms used by Bergey's latest menual of determinative
bacteriology (34) have been included in the table for

convenlence,

(33) Fulmer, E. 1., and Werkman, C. H., “An index to the
cheniecal action of sicro-organisms on the none
nitrogenous organic compounds®, The Williams and
Wilkins Co., Baltimore. 1830.

(34) Bergey, D. H., Breed, R. 8., Nurray, E. G. D., and
Hitchens, A. P., "Bergey's Hanual of Determinative
Bactericlogy", 6th E4., The Williams and Wilkins
Co., Baltimore., 1939.



Table I.

Xylose-fermenting Micro-organisme

Name of organism Products formed Reference
Clostridium scetobutylicum butanol, ethanol, acetone, (35)

butyric and acetic aclds,
carbon dloxide, and hydrogen

Clostridium thermosaccharolyticum butyric, acetlc, and lactic
aclds, carbon dioxide and hydrogen {38)

Bacillus vulgatus

acillus mesentericus) acetone, ethanol, and carbon dioxide (37) L
o
Bacillus agetoetﬁf%icum acetone, ethanol, formic scid (38) :
(Bacillus mecerans '
Bacillus herblcolas aureum acetone, 2thancl, carbon dloxide (37)
(Pseudomonas trifolii)
bsacillus polymyxs 2 ,3-butylene glyeol, ethanol, (39)
iBacillus polymyxa) acetylmethylcarbinol, forale,

acetic, succinic, and lactic acids,
cerbon dioxide, ani hydrogen

Bacillus lactis aerogenes formic, acetic, butyric, succinic, (40)
(Aerobscter aeroEenes[ and laectic ascids, ethanol

® there the name cited by the author does not coincide with the term used by Ber-
gey , the name proposed 1s included in parentheses,



Aerobscter faeni
4

(Aerobacter aerogenes)

Aerobacter indologenes
Aerobacter cloacsae)

Bacillus paratyphoid
{(Salmonelila schottmuelleri)
Bacillus hosus
(Eberthellia typhoga)
Friedlander! neumobscillus
ebglella Qneumon1a35
Escherichla coll
Citrobacter anindolicum
zgschcrxgﬁzi freundil)
Propionibacterium pentosaceum
L.actobeellluys pentoaceticus
lLa§to§ac§;¥ns brevggi

actobacilluas pentosus
lgaetobacilius plantarum)
Acetobscter xylinum

Table I continued

formic, acetic, succlnie, and
lactic acids, acetylmethylcarbinol,
2 ,3~butylene glycol, ethanol,
carbon dioxide and hydrogen

formic, acetlc, and suceinic aclds,
2 ,3-butylene glycol, ethanol,

acetylmethylearbinol, carbon dloxlide,

and hydrogen
formic, acetic, butyric, lactic, and
succinic aclde, and ethanol

formic, acetic, butyric, lactic, and
succinic acids, and ethanol

acetic, succinic, and lactic
aclds, ethanol

formic, scetic, lactic, and sueccinic
aclds, ethanol, carbon dloxlde, and
hydrogen.
formic, acetic, lsctic, and succinic
aclids, ethanol, carbon dioxide, and
hydrogen

propionic and acetic acids, carbon
dioxide
lactic and acetic acids

lactic and secetlic aclds

acetone, ethanol, and carbon dloxide

(41)

(42)

(40)

(40)

(43)

(42)

(44)

(45)

(46)

(48)

(37)



sorbose bacterium

(Acetobacter xylinum)

Bacterium prodigiosus
(Berrat g msrcescens)

Qdspora No. 208
Seccharomyoes cerevisiae

Penicillium luteum purpurogenum
Aspergiliue flavus

Aspergillus tamarii

Aspergillus niger

Table I continued
xylonic acid

ascorblic acid

ethanol, glycerol, and carbon dioxide

ethanol , carbon dloxide, glyceric
sldehyde

xylonie acid
koJic acid
kojic scid

oxallc acid, citric scid

(47)

(48)

(49)
{50)

(61)
(62)
(63)
(64)



Reference List for Table 1.
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D. Fermentation of Hydrolyzates Prepared from Hemicellulo-

gic Wastes,

At least three types of fermentstions for utilizing the
hemicellulose freaction of vegetable wastes have been studied.
One of these types produced lactic and acetic acids, another
produced acetone and ethanol, and the third produced butyl
alcohol and acetone.

For the oroduction of lsctic and scetic acid, workers
at the University of Wisconsin studied the fermentation

by Lectobaclllus pentoaceticus of sirups produced from

hydrolyzed peanut hulls, oat hulle, corncobs, and sawdusts
of fir, spruce, and pine. In 1921 Peterson and Fred (55)
obtalined 30.9 grams of sugsrs, principally xylose, by hy-
drolysis of 100 grams of corncobs. The solutions were fer-
mented almost quantitstively to acetlic and lactic aclds.
‘When a 2% suger solution was fermented for two weeks at
30° C., there were produced 13.8 grams of lactic and 12.6
grams of acetic ascid. These yields were obtained from a
total of 30.9 grams of sugasr, which was equivalent to 100
grams of corn cohs,

In 1923 Fred, Peterson, and Anderson, {(37) tried,
less successfully, the lactlc-scetic fermentation with osat
hulls and pesnut hulls. The fermentations were slow and

(66) Peterson, W, H., and Fred, E. B., Ind, Eng. Chenm.,
13, 211 (1921).

\
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even after thirty dsys were incomplets.

Sugar liquors prepared by extractions of sswdust of
fir, spruce, and pine using a mild acld hydrolysla, on the
one hand, and a Bergius treatment, on the other, were fer-
mented by Allgeier, Peterson, and Fred (17) in 1829. A
conparison of the fermentabilitises of the two types of
sirups was deascribed. They indicated that by the dilute
sulfuric aclid treatment there could be produced from a ton
of wood 400 pounds of sugsr, of which 340 pounde would be
fermented to yleld 316 pounds of lasctic and 17 pounds of
acetic acids. For the Bergius product a ton of wood would
liberate 1200 pounds of sugar, of which 1020 pounds could
be fermented to glive 960 pounds of lsctic zecid and 6O
pounds of acetio scid.

The use of Bagillus scetoethylicum to convert hydro-
lyzed hemicelluloses into ethanol and acetons offered some
encouragenment to industrial application. Employing this
organiem, Northrop, Ashe, and Morgan (66) developed a
process for the fermentation of molasses., Peterson, Fred,
end Verhulet (57) investigated the fermentation of sirups
produced from corncod hydrolyzates. Approximately 20% of
{56) Northrop, J. H., Ashe, L. H., and Morgan, R. R.,

o ;ggg_ggsﬁrgggg., 11, 723 (1919),
(67) FKeterson, ¥. H., Fred, E. B., and Verhulst, J. H.,
Ind., Eng. Chem., 13, 767 (1921),
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the sugare in the medium were fermented, and ylelds of
acetone, alcohol, and volatile aclds {formic and ascetic)
were respectively, 12,6, 31.5, and 15.0% of the sugars
fermented., Thus, from a hundred pounds of cobs there could
be produced 2,7 pounde of acetone, 6.8 pounds of ethanol,
and 3.4 pounds of a mixture of formic and ascetic aclds.

Pred, Peterson, and Anderson (37) examinedthe hydro-
lyzates from oat hulls and peanut hulls as possidble sub-
strates for B, acetoethylicum and obtained normel ylelds
of the usual products., After ten days of fermentatlon
acetons 3.9%, ethanol 7.2%, and volatile acids 1.4% of the
welight of the oat hulls were obtsined. The yield of only
7.6% of sugars from peanut hulles compared unfavorably wilth
the 26.6% yleld from oat hulls., However, from the stand-
point of the sugars gsvailable either raw material was equally
fermentable.

In Indla Patwardhan (58) prepared a rice straw sirup
which in a 4% sugar concentration was fermented by B. ageto-
ethylicus to yleld a mixture of acetone and ethanol.

The yield of the mixed solvente amounted to 20.5% of the
sugar consumed. From a host of graases and atraws Thaysen

{58) Patwardhsn, V¥, N,

’ Indlsn Chem, Soec.,
2, 5351 (1830). ’
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and Galloway (58) prepared sirups which they fermented
with B. gcetoethylicus to give good ylelds based on the
sugar available.

Work in 1933 by Weinsteln and Rettger (60) showed
that the butyl-acetonic fermentstion wgs applicable to
solutione of sugars from hydrolyzed cottonseed hulls,
peanut husks, sawdust of geveral woods, and corncobas.
The woods lncluded Dougles fir, white pine, maple, birch,
oak, and chestnut. Fermentations of 3% sugar solutions
from the hydrolysis of the vasrious natural tlssues were
studied. 1In a semi-synthetic medium which contalned, in
addition to the carbohydrate, boththe mono- and the 4i-
potassium phosphates and aleo 1% peptone, ylelds of ace-
tone simllar to those in the corn mash control were ob-
tained. While the amount of butyl alcohol was normal
in the corn mash control, yet in the hydrolyzate medium
it wss negligible. These inveastigators showed that by
the addition of prolasmine or prolemine-allied substances
the butenol production was stimulated to s normsl level
in seml-synthetic media. By supplying zeln to solutions
containing pure sugars, normal butyl-acetonlic fermenta-
tions were carried out. The addition of gzeln or corn,
(59) Thaysen, A. C., and Galloway, L. D., Ann. Appl. Blol.,

15, 392 (1828).

(60) Vvelnstein, L., and Rettger, L. F., J. Bact., 25,
201 (1933).



which eontalins zein, to the hydrolyzates gave fermenta-
tions with normel ylelds.

After surveylng the orgenisms capable of fermenting
xylose, 1t was possible to select from among the group
certsin baeteris and molds for a study of thelr adapta-
bility to fermenting the sugars in oat hull hydroly:zates.
For the investigation reported in thie theslis two speciles
of bacteria and two of molds were employed.

The activities of the butyl-acetonic organism have
occupled a leading place in the fermentation industries.
The orgsnism belongs to the group of butyric acid-butyl
slcohol bacteria. Brown (61) reviewed the literature and
worked out a systematic classification for the group.
Studles on the fermentatlon of pure xylose were described
by Underkofler (35) in 1934. Guymon (62) examined the
relation of structure of sugars to the chemlsm of the
butyl-acetonic fermentation., Although the nutrition of
Clostridium scetobutylicum has been investigated in some
detall, the problem remsins unfinished. From reports in
recent years the presence of certain growth factors
necesssry in small concentrations seems indicated.

{61) Brown, R. W., Doctorsl Dissertation, Iowa State
College, 1936.

(62) Guymon, J. F., Doctoral Dissertation, Iowa State
College, 1939.
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Welnsteln and Rettger (60) belleved that prolamines or
prolamine-allied substances were necessary for the pro-
duction of butsnol, BHReynolds, Colle, and Werkman (83)
were not able to confirm the report that prolamine was
essential for the production of butanol by (l. aceto-
butylicum in 3% glucose media. Researches by Welzmann
and Rosenfeld (64) and by workers at the University of
Wisconsin (65) have emphasized the idea of bacterial
growth fectors and of their effectiveness 1n very dllute
golutions,

Another bacterium chosen for this investigation was

Aercbacter aerogenes. Breden (41) showed that members of

this genus oroduced 2,3-butylene glycol and ethanol in
good ylields from sugars. The culture used by Breden and
termed Aerobscter faeni was 1solested from hay infusion
and identified by Burkey (66). The organism which
Reynolde (42) used for hils studles wae Aerobacter in-
dologenses. Reynolds investigated the dlssimilatlon of

(63) Reynolds, H., Coile, H. D., and Werkman, C. H., Iows
State Coll. J. Sci., 8, 415 (1932). -

(64) Weizmann, G., and Rosenfeld, B., Biochem. J.,
31, 618 (1937). '

(66) Peterson, W. H., and co-workers, J. Bact., 27, 207
(1934); J, Biol., Chem. 131, 381 (1939).

(68) Burk?y, L3 A., Iowa Btate College J. Sci., 3, 57
1628).
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xylose by Aerobacter indologenes and qusntitatively de-
termined the products formed during the course of the
fermentation. A 2% xylose solution was fermented for
7 days; and the msaln products were 17.1% ethanol,
26.4% 2,3-butylene glycol, 33% carbon dioxlde based on
the weight of the sugar fermented.

Of the molds which utilize xylose Aspergilius flavus
offered some promise., Employing A. flsvue Corbellini

and Gregorini (67) first reported the production of
kolic acid from xylose. An improved medium to incresse
the ylield of koJlic acid was developed by Barham and
Smite (52). The literature pertaining to the produc-
tion of koJlic acid has been reviewed in detslil by Bar-
hem and Smits (68).

Fermentation by Penicillium chrysogenum for the

productlion of gluconic aclid from glucose, reported by
Moyer, May, and Herrick (69) in 1836, indicated that
this mold was the most suitable of the molds tested,

which included salso 2. citrinum, P. varisblis, P.

-

luteum ourpurogenum, and P. baculatum. The organlsm,

{(67) Corbellini, A., and Gregorini, B., Gax. chim., 1tal.,
60, 244 (1830).

(68) Burham, H. N. and Smits, B. L., Trans. Kangse Acad.
Sci., 37, 91 (1934).

{c9) Moyer, A. J., ¥ay, O. E., and Herrick, H. T. Zentr.
Bakt. Parasitenk., II Abt., 95, 311 (1936).
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described by Ralstrick et sl, (70) was isolated from
molded tobacco. Since gluconic &cid was produced from
glucose by P. chrysogenum, by analogy it seemed possible
that this mold might convert xylose to xylonic acid.

(70) Raistrick, H., et al., Phil. Trans. Roy. Soc. London
£20 B, 1 {(1931).




ITI METHODS

Oat hulls were hydrolyzed by autoclaving with dilute
mineral aclds under specific conditions. 8ince the detalls
of the procedures were modified for the individual ex-
perimente these procedures will be described in connection
with the experimental work.

The determination of reducing sugars in the hydroly-
zates was made by a modification of the Shaffer-Somogyi
method (70e), which was developed in this laboratory and
described by Guymon (62). The reducing value for pure
xylose solutions was measured and from this a cslibra-
tion curve was prepared,

For esch type of fermentation the chemical and
bacteriological methods used were different. The par-
ticular methods employed will be described along with the

description of the experimental work.

(70a) Somogyl, M., J. Biol. Chem., 119, 741 (1937).
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IV EXPERIMENTAL RESULTS
A. Prepsration of Hydrolyzates
1. Genersl methods.

The alr-cleaned oat hulle used were furnished through
the kindness of the Quaker Oats Company. The concentra-
tions of aclds employed in preparing the hydrolyzates for
the fermentation experiments were those which had been
found by preliminary experiments to be optimum, at the
temperature used, in order to obtaln a concentration of
about 4 per cent reducling sugars in the hydrolyzsates. Al-
though the general procedure has been reported before (71),
a typlcal prepsration will be described here,

Into a 6-1iter Erlenmeyer flask were placed 600 grams
of air-dried oat hulls and 3600 ml. of;acid. After standing
for 2-4 hours, the flask was heated in an sutoclave at
20 pounds per square inch steam pressure for 60 mlnutes,

At the end of the hour the steam was shut off, and com-
pressed alr was introduced at the sasme pressure to pre-
vent the liquid in the flask from boiling over becsause of
a8 too rapld drop 1in pressure. The contents of the flask
were then cooled below the atmospheric bolling point by

(71) Underkofler, L. A., Fulmer, E. E., and Rayman, M. M.
Ind, Eng. Chem., 29, 1290 (1937).
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gradually lowering the oressure during the course of 2C
minutes and finally, after removal from the sutoclave,
cooled thoroughly in running water. The hydrolyzste was
gsepsrated from the so0lid ost hull residue by strzining
through cheesecloth supoorted on = Bichner funnel, and
then by squeezing the residue dry in a lsaboratory press.
The combined liquors were filtered through paper and the
aclid filtrete was neutralized with ceslclium carbonate,

To avold too vigorous frothing and fosming, the calclum
carbonaté was added cautliously in small portions with
effective stirring. AdJustment of pH to approximately
6.C was usually achleved by the addition of & sodium
hydroxide solution and the pH meassurements were made
with the aid of a glass electrode. The solution after
filtration contsined aporoximately 4 to 5 per cent
reducing sugars calculated ass xylose. This flitrate was
ordinarily concentrated in vacuo at 50-558° C. to a more
dense solution from which calclium sulfate could be
erarateé out when hot., In order to ferment the car-
bohydrsates, the sirups were diluted to the proper con-
centration, and, after the nutrienta had been added, the
medlium was sterilized in the autoclave and wss ready for
lnoculation,

After the work had been in progress for a period of



time, attempts were made to imorove the medium by preparing
the hydrolyzates under somewhat modified conditions. The
work reported by Bryner, Christensen and Fulmer (4) had
been confined to the use of hydrochloric acld ss an
hydrolytic agent. 8Studies with other mineral acids in
hydrolysis procedures were made to determine the optimum

conditions for each acid in hydrolyzing oat hulls.

2. Bates of hydrolysis of oat hulls with varlous mineral

The aclds selected for comparison with hydrochloric
acid were as follows: nitric, sulfuric, and phosohoric.
The degree of conversion to sugar was determined for vary-
ing concentrations of the various acids by the following
method:

Into 150 wl. Erlenmeyer flasks were introduced 5.00
grams of oat hulls and 30.0 ml. of the acid. The mixtures
were autoclaved at 20 pounds steam pressure for the chosen
times and thc ssme type of cooling under alr pressure as
descoribed above was employed. The cooled mixtures were
diluted somewhat with water, filtered, and the residues
were repeatedly extrscted with bolling water. The combined

filtrate and washings were neutrslized to phenoclphthaleln



wlth sodium hydroxide and diluted to 25C ml. Aliquots
were taken for sugar anslysis snd the ylelds were calcu-
lated as xylose expressed in grams per 10C grams of air-

dried hulls. Hesults for these experiments are shown

in Table II.



Table II.

Reducing Sugar Production from Osat Hulls Heated at 20 Lbs. Steanm
Pressure with Dilute Aclde Using a Liquid to Solid Ratio of 8 to 1

Reducl Sugar Yield of Bulls
Time Heated gxdrochlor§@ Acid Nitrie Aeid uri 14
lmin.s
0.0796 N 0,10850 X C.0766 N 0.153 N 0,196 N 1.8868 N
45 28.6 31.5 26.5 35.5 31.0 32.8
80 28.56 32.0 28.0 34.5 32.8 31.0
80 30.0 33.5 28.5 354.56 32.5 30.6
120 32.5 30.5 32.5 36.0 33.0 25,86
[}
Reducl Sugar Yield of Hulls 3
Time Hested Fhosphoric Acid '
{min.)
0.092 N 0.184 N 0,372 N 0.747 N
45 1.560 3.16 g.8 22.0
60 1.76 4.15 13.2 286.0
80 2.00 68.26 17.6 -

120 2.78 8.80 21.5 30.6
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3. Attempts at purification of the hydrolyzates.

i

During the course of the experiments on the crude
hydrolyzates 1t waeg suscected that a factor toxic or in-
hibitory to the organism was oresent. Attemots to remove
this factor by physico-chemical methods were considered,
Hethods attempted involved adsorption, extraction with
imniscible solvents, centrifugation, end fractional pre-
eipitation by control of vH as described below.

The adsorotion agents used were norit snd dlato-
maceous earth. 1If employed directly on the crude hy-
drolyzate, nelther of these was effective elther in de=-
colorizing the liquors or in removing fesctors which ore-
vented fermentatlon from proceeding normally.

Attempts at control of pH to allow fractional pre-
civitation of substances in the hydrolyzates were ef-
fective in throwing out insoluble substances, but fer-
mentstiong 414 not seem improved. The use of basic
lesd acetate gave somewhat encouraging results from the
point of view of producing clear colorless liquors., The
lesd was removed with hydrogen sulohide after the gums
and proteins were precipitsted. The hydrogen sulphide
was then removed by vecuum evaporation to one-half to

one-third the volume, Norit trestment removed color and
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the sirupe were sterilized for preparing the medla.
Preliminary experiments with ceriain organic sol-
vents immiscible with water indicated that chloroform
was capsble of extracting a soluble materiasl from hydrolyzates,
ethyl ether was slightly less efficient, and petrolsum
ether and benzene were lneffeetlve, Hence, an sppara-
tus similar to one described by Wollner and Matchett (72)
in 1938 was devised for extraction of the liquor with
chloroform. The syrup was extrscted continuously for
five days snd the dlssolved chloroform wes removed by
evaporeting the syrup in vacuo to one-half of its volume.
The individual fermentation experiments in which these
extracted hydrolyzates were used will be described later.
While stending in the laboratory, the hydrolyzates,
orlginally almoet colorless, often turned dsrk, passing
through yellow and red to black. The black color was
apparently due to particles of colloidal nature which
were difficult to remove. When the solution was re-
peatedly sent through & Sharples supercentrifuge at
21,000 r.p.m., it became turbid and foamy. However,
very little sclid material was thrown out. It was
thought that perhaps the alr whipped into the solution

had caused‘sone oxidation, snd that dark-coclored

(72) vwollner, H. J., and Matchett, J. R., Ind. Eng. Chem.,
Anel. Ed., 10, 31 (1938).
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ox1dized pigmente had been formed.

If this were so, then overhaps by aerating warnm
solutions of the hydrolyzates the oxidatlion could be
speeded up and the materials thereby removed. Hence
experiments were devised in which zir was bubbled for
several houre through the warmed (60° C.) esolutions.,

A very stable foam was produced which could be readily
separated from the liquid. The foam was skimmed off
from time to time during the aseration, but little im-

provement in the fermentability was detected.

»

B. The Butyl-Acetonic Fermentstlion of Oat Hull Hydrolyzates

1. Methods.

The culture used was one which had been originally
isolated in the laboratories of biophysicsl chemlstry at
Iows State College. It wgas handled in the manner usual
for butyl-acetonlic cultures, as outlined by Underkofler,
Christensen, and Pulmer (35). After completion of ex-
perimental fermentations (3 to 7 days) two 250-ml. sli-
quots of the beer were measured from each flask snd dls-
tilled after a 1little s0lid calclum carbonate had been
added to neutralize the aclds. 1In each case 100 ml.
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of distillate were collected, and the distillates were
analyzed for solvents by the method of Christensen and
Fulmer (73). Volatile aclds were estimated by a combi-
nation of the methods of Knetemann (74) and of Virtenen
snd Pulkki (75). The manner of manipulation was the
Knetemsnn modlfication of the Duclaux distillation;

the method of calculation of the relative amounts of

volatile acids was that of Virtanen and Pulkki.
2. Fermentation of corn meal-oat hull hydrolyzate mixtures,

S8ince corn mash is the most favorsble medium for
development of the butyl-scetone organism, the exverimen-
tel fermentation media were prepared by mixing oat hull
hydrolyzate with corn mash. Ground yellow corn, in quen-
tities calculsted to make & totel carbohydrate content
equivslent to 6.5 per cent corn mash (on the dry basis)
when the hydrolyzate liquor was added, was mixed with
tap water in 4-liter Erlenmeyer'flasks and then stesmed
for 45 minutes. The amount of water used in esch case
was sufficlient so that when mixed with hydrolyzate

(73) Christensen, L. M., snd Fulmer, E, I., Ind. Eng.
Chem. , Anal. Ed., 7, 180 (1935).

(74) Knetemann, A., Rec. trav, chim., 47, 950 (1928).
(76) Virtsnen, A. I.”, and Pulkkl, L., 9. Aun. Chem. Soo.,
50, 3131 (1828).
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the final volume of medium in each experimental flask
would be about 3000 ml. The flesks were plugged with cot-
ton, capped, and sterilized at 20 pounds steam pressure
for 2 hours. After cooling the sterilized mash, it was
allowed to come to incubstor temperature (37° C.) The
requisite smounts of sterile hydrolyzate at 37° C. werse
added aseptically to the individual flasks of coran mash,

A series of hydrolyzates was prepared by using
different scids to determine the effect of different
hydrolyzants on the fermentation. The data are presented

in Tablea III and IV.



Table III.

Solvent Yields from Acid Hydrolyzates

Corn Heal Total Sol- Sclvent Ratio
Replaced vent Tield BuOH MeoCO EtOH
wto Y. of car-
Per Cent (<) ¢
0.08 N Hydrochloriec Acid
0 33.4 63 256 12

10 34.4 87 27 8
20 31.0 58 33 e
30 30.0 59 32 9
40 30,7 6568 33 11
80 18.2 &7 33 10
60 2.7 -— —-— -

0.18 ¥ Sulfuric Acld

0 o4.0 58 29 13
10 54.2 66 31 13
20 52,3 60 33 7
30 30.7 60 33 7
40 23.26 65 34 1
80 30.6 566 36 10
60 5.9 63 28 19
0.08 N Nitric Acid

0 54.0 58 29 13
10 32.4 64 31 15
20 32.4 56 Sl 13
O 18.8 62 27 11
40 17.0 68 29 13
50 4.9 49 24 27

* Abnormal fermentation.
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The hydrolyzate preoared with phosphoric acid was
uged in a medium of alightly different composition. Slnce
the previous series of medlis were devised to main-
taln a constant carbohydrate level while the protein
conoentration was neglected, in this experiment it was
deemed feaslble to add definite quantities of ccrn
gluten to preserve a constant protein level equivelent
to that of stendard corn mash, The corn gluten was
sdded to the ground corn before gterilizastion. For
this experiment 2-liter Erlenmeyer flasks were used,

- and the final volume of the medium was about 150C ml.
The medium wes mede up in essentially the suame manner
as desoribed for the series with hydrolyzates of the
other acids with the difference noted. Analysile of the
corn and gluten showed 7.5% and 31.2%, respectively, of
protein on the wet bagis. Since standard corn mash
contained 7.85 g. of protein in 1500 ml., it was
necegssry to sdd gluten to replace ground corn, so that
the total protein was 7.85 g. per flask.

To determine whether norit was capable of removing
en inhibiting substance, one half the number of flasks
contained a medium in which the hydrolyzate had been
previously trested with norit; the other hslf, =8 a con-

trol, contsined hydrolyzate which had had no norit treatment.



Half of the scid solution sfter hydrolysis was trested

with 76 g. of norit over night, filtered, neutralized

with calcium carbonate and skimmed after esch portion of
calclum csrbonate was added. The vH was adjusted to 4.2

by the eddition of sodium hydroxide and agein norit (10 g. per
L.) was added. Although the first norit treatment gave 1little
or no decolorization, the second treatment at pH 4.2

removed practically all the color. The filtrates were
adjusted to pH 6.6 and sterlilized. The other half of

the acid hydrolyzate was neutralized with calclum car-

bonate, filtered, the pH adjusted with sodium hydroxide

to 6.6, and sterilized. The sterile solutions were inocu-
lated and incubated for 5 daye at 379 C.

The data presented indicate that the operstions ss-
goclated with the norit treatment tend to make the medium
more fermentable, st least in the higher concentrations
of hydrolyzate.

Resulte of the fermentations are presented in Table
Iv.

Since experience with simllar hydrolyzates had indi-
cated that the solvent ratio was slwaye essentlally
680:30:10, analysis for acetone concentrstion in the dis-
tlllates from the fermantations would represent aporoximately

30% of the total solvents. Butsnol and ethanol were
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not directly determined for this series in which the
hydrolyzates prepared with phosphoric acid had been used,
but ¢caleulations from acetone values were used to ex-

press total solvents in the table.



Table 1V,

Solvent Yields from Phosphoric Acld Hydrolyszates

* Hydrolysie with 0.818 N. Phosphoric Acld

Corn Hesl Acetone ** Total
Replaced Analysis Solvent Yield
Wt. £ of Carbo-
Per Cent g. hydrate
0 6.76 29.8
Treated with Norit
20 8.58 28,7
30 6.11 23.2
40 6.10 28.3
50 §.50 25.8
&C 4.85 23.2

Kot trested with Norit

20 6.59 28.8
30 6.45 28.4
40 5.99 27.8
50 1.68 7.44

*  The normality of the phosphoric acid solutions was deter-
mined by the procedure of Kolthoff snd Sandell (78).
As a dlbasic scld phosphorie acid half-zaturated with
sodium chloride can be neutralized with sodium hydroxide.
Undsr these conditlions the hydrolysls of NeoiPO, will
be wepreaséd and phenolphthalein will 1nd1eate %
theoreticel end point.

Totsl solvents ealculated on basis of acetone = 30% total
solvents.

»*

(76) Kolthofr, I. M. and Sandell, E. B., *Textbook of Quanti-
tative Inorganic Analysis", Macmillan, New York
1937, p. B33.



c. Fermentatlion of oure xylose and of hydrolyzates
of xylan and of oat hulis.

A comperison of butyl-acetonic fermentztlions of pure

xylose, xylan hydrolyzates, and ozt hull hydrolyzates

was undertaken., The medla used were as8 followe: The

concentrations of sugars employed were between 3.5 and

54 in a2 volume of sorroximately 400 ml. Protein nutrients,

corn gluten meal or soybean meal, were added in a final

concentration of 2 g. ver 1CC ml. of medium., The hy-

drolyzete from ost hulls was prevared with sulfuric acid,

neutrallized with calcium carbonate, concentrasted in vacuo,

pH asdjusted with sodium hydroxide to 7.1, and sterilized.
Xylan from ost hulls, orepared by the method of

Hurd and Currie (77), wss hydrolyzed with dilute sulohuric

scid. Thus 80 g. xylan and 1200 ml. sulohuric acld (0.38 N)

were heated to bolling, with continuous stirring, and then

autoeclaved at 20 pounds stesm vressure for 20 minutes.

The filtrate was neutrslized with calelium carbonste and

pH adjusted with sodium hydroxide to pH = 7.0, The medlsa

were lnoculated and incubsted for B days at 37° C. The

results are shown in Table V, the aversge values of

duplicate fermentations being given in each case,

(77) Hurd, C. D., and Currie, H. R., J. Am. Chem. Soe.,
56, 1521 (1933).



Table V.

Comparison of Solvent Yields from Pure Xylose,
Xylan Hydrolyzates, snd Oat Hull Hydrolyzates.

xylose corn gluten
xylose-soybean meal

xylan hydrolyszate-
corn gluten

xylan hydrolyzate-
soybean meal

oat hull hydrolyzate-
corn gluten

oat hull hydrolyzate-
soybean meal

corn mash control

Totel Solvent Yleld
Wt. % of Carbohydrate

31.2
27,7
55.1

30.4

7.2

10.6

34.0

S8olvent Rsatlo
BuOH ngaco EtOH

52.4
68.6
568.0

54.3

66.8

62.4

65.9

29.6
26.9
33.2

33,0

25.7

29.0

25.0

18.0
14.2
11.0

12.6

8.5

8.7

18.1
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The data presented in Table V show that the culture
18 cspable of converting pure xylose, or xylose obtained
by hydrolyzing xylan isolated from oat hulls, into the
normal products of fermentation. When elther corn gluten
or soybean meal were used as the source of the nitrogen
nutrient, sbout the seme ylelds of solvents were obtained.
Although the oat hull hydrolyzates fermented poorly the data
indicate that soybean meal gave somewhat better results

than did corn gluten.

4. Butyl-scetonic fermentation of a phosphoric scid hy-
drolyzate of oat hulls.

A medium of phosphoric acid hydrolyzate supplemented
by varyling quantities of corn gluten was prepared for
fermentation., Of the hydrolyzate 300 ml. per flask of 4%
sugars was mixed with corn gluten in concentrations of
1.5, 2.0, and 2.5% of the medlum. The medium was steri-
l1ized in 500 ml. Erlenmeyer flaskas for 10 minutes at 10
pounds steam pressure and then cooled under alr pressure
for 30 minutes. After inoculation the cultures vwere lincu-
bated for five dsys and the beers were distilled. The
acetone yield was negligible; however, the titratsble
acldity was remarksbly high. Data are presented in
Table VI.



Table VI,

Butyl-acetonlic fermentation of Phosphoriec Acid Hydrolyzate

Fluten, Aoldlity, Acetone Yleld, Total

ml. 0.10 N g./100 g.
£./100 ml. per 10 ml. Beer Carbohydrate Solvents *
1.5 21.1 .2 10.67
2.0 18.3 2.2 7.3
2.5 18.4 2.6 8.3
Corn Mash Control 3.3 13.682 45.4
»

Total solvents calculated from scetone yield, assuming
acetone = 30%

- &% -



Acldlty peaks in normal butyl-acetonic fermentations rarely
rise sbove 7 ml., of 0.1 N. sodium hydroxlde per 10 ml. of
culture. In these fermentatlions of the phosphoric secid
hydrolyzate the titrstable scidity velues were oractically
triple those of a normal fermentation. Hence, after the
neutral solvents had been distilled, one of the abnormal
beers was acldified wilth phosphoric acid snd steam distilled
untlil twice the original volume had been collected in the
distlllate., From this solution volatile aclds were estimated
by a modified Duclaux distillation. It was found that 0.8955 g.
of acetic ecid and 0.945 g. of butyric acid were present,.
These values would mean s yleld of 7.96% acetic acid and
7.88% butyrie acid, besed on the original 12.0 g. of xylose
pregsent. From the fact that the sctive fermentation

lasted only a few hours it ie susvected that very little
sugar had actually been utilized; unfortunately no analysis
for reslduasl sugar was msde. The possible significance of
the high acid production will bhe dilscussed later in this

vaper,

5. Effect of posslble inhibiting factors.

———

a., JToxicity of furfursl. Since hot acids can con-
vert xvlese iptn furfursl, and since certain furanolds are

known to be toxic, it was decided to determine the toxlcity
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of furfurasl to Cl. acetobutylicum 1n the orgsnism's most

favorsble medium, corn mash. Furfural wss doubly distilled
in vaguo. The precautions suggested by Adams and Voorhees
(78) were followed. Corn mash prepared and sterilized

in the usual manner, served as the substrate, and varying
concentrations of furfursl in sterlle water were added to
the media before inoculation. The results are presented

in Tsble VII. From the data it 1s sppesrent that furfural
is not toxic in concentrations of 0.1% or less. There was

no fermentation in solutions containing 1.09% or more.

(78) Adsms, R. and Voorhees, V., "Organic Syntheses",
' Coll. Vol., I, p. 274. New York J. Wiley and
Sons, 1932.
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Table VII.

Toxicity of Furfural to Cl. gcetobutylicum

Growing in Corn Mash

Furfural Me2C0 per *#Total Solvent Yield
G. per 100 medl Flask A of Carb rate
8.0 No Fermentation 0
1.0 No Fermentation 0
0.1 11.61 25.4
.01 10.30 22.8
C. = gcorn mash 11.48 256.3
eontrol

® Total solvents calculated assuming 30% acetone.



b. Effect of chloroform extraction of hydrolyzates on

fermentation. It was considered possible that the toxic
factor present in oat hull hydrolyzstes might be removed

by extrsction with immiscible solvents. Preliminary experi-
ments 1ndicated that chloroform extracted socme substance
from the aqueous solution. PFermentstion experiments using
hydrolyzates which hsd been sublected to prolonged chloro-
form extraction in parallel with unextrscted materisl
indicated 1little significant change in fermentability.

Data to this effect are presented in Table VIII.
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Table VIII,

Effect of 03613 Extraction on Fermentability of
Oat Hull Hydrolyzates

Solvent Yield, Solvent

¥t. & of Carbohydrate Ratio

BuOH MesCO EtOH

corn control 31.2 57.0 25.2 17.8
unextracted
pat hull hydrolyzate- 3.8 62.0 28.8 9.6

extracted



C. The 2 ,3-Butylene Glycol Fermentation of 0Oat Hull
Hydrolyzates

The organism employed, Aercobacter serogenes, was
obtained from the American Tyve Culture Collection and
designated by them as No, 211, Stock cultures were
carried on glycerol-yeast extract agar. The medium used
for the fermentetion experiments was similar to that re-
ported by Kendall (79) as optimum for sucrose. Expressed

in grams per liter, the medium contained the following:

Ha CI “““““““““““““ 3 . 0
KoflPO4.3Ho0 = = = = = = = = = = = = = = = = 1.75
xgso4.7323 ----------------- 1.75
Ca612 ------------------- 0.1
Xylose (pure or its equivalent from oat

hull sirup) - - - = = = = = - 50.0

After the addition of 0.2 N sulfuric ascid to pH = 6,85,
the solutions were sterilized at 10 pounds steam pressure for
30 minutes. The media were inoculated with s suspension of
the orgenieme in sterile water and incubsted at 37° C.
Samples were withdrawn at 24 hour intervels for sugar
analysls and the course of the fermentation was followed
by thus determining the consumption of carbohydrate,.

(78) Xendall, A. R., Doctoral Dissertation, Iowa State
College, 1934.
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The pH was resdjusted to 6,25 by the addltion of requisite
smounts of sterile sodlum cerbonete solution (1 M). dally.
In the flasks containing oat hull hydrolyzates, the
organisma 4id not grow. On the other hand, the pure

xylose solutions fermented resdily and gassed vigorously;
after 13.5 days the sugar had disapoeared completely. The
cultures on pure xylose medium were each treated with

3 ml, of a saturated solution of sodium hydroxide, and the
gummy vrecipltates were flltered off. The soclutions were
then acldified with sulfuric acid, evaporated to 160 ml.,
and flltered. After the solutions had been masde alkaline
with scdium hydroxide snd ssturated with 40. g. of anhy-
drous potassium carbonate, they were continuously extracted
wlth ether for 94 hours. The ether extract in each case
was dried with anhydrous sodium sulfate overnight, and the
filtrate was evaporated to 10 ml. before being transferred
to a welghing bottle. The solvent was eveaporated and the
resldual 2 ,3-butylene glycol was dried to s constant

weight in a vacuum desiccator over sulfuric acid. From the
welghts found, 1t wes calculated that 2 ,3-butylene glycol
was produced in ylelds equivalent to 18.4 and 12.5 per cent
of the weilght of the xylose in the two individual xylose
fermentations. In Tsble IX 1s shown the course of the

Aercbscter aserogenes fermentation of xylose solutlons.
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D, KoJjic Acid Fermentations

The culture used was Aspergillus flavus obtsined
from Dr. Charles Thom and designated by him as No. 3538.
Stock cultures were maintained on glycerol-yeast ex-
tract agar. Conditions optimum for good ylelds of
koJic acid from xylose have been developed by Barham
and Smits (52). A medilum similar to theirs was chosen
for koJlc acld production from oat hull hydrolyzates,

Analyels of the cultures for kolic acid was under-
taken by t#o methods. For xylose solutions the copper
precipitation method of Barhem (80) gave good results.
Oat hull hydrolysate cultures seemed not to be as well
adapted.to this procedure, since copper acetate csuses
the precioitstion of a small amount of substance from
the hydrolyzate. Hence continuous extraction of the
fermented cultures with ether was used, and the kojic
acld in the extract was recrystallized from acetone.
An early experiment fairly successfully used the method
of evaporating the culture and extracting the residue
with several successive portions of bolling acetone,

A preliminsry experiment was designed to determine

whether an acld or a neutrzl medium was better for

(80) Barhsm, H. N., Ind. Eng. Chem., Anal. E4.,
11, 31 (1939).
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koJic acid production from oet hull hydrolyzestes., As
controls medla contelning oure xylose were placed under
the same conditions.

Two conditions were chosen: pH of 3.5, which Bar-
ham and Smlte reported as sultable, and pH of 7.0 obtalned
by addition of an excess of cslcium carbonste. In the
medium containing pure xylose at pH 3.8 the mold grew
well; at pH 7 growth was not so repld, but sporulation
avpegred earlier than st pH 3.5. For oat hull sirups
the mold 414 not grovw in the acid solutions but grew
well in the medium containing calcium carbonate. After
the cultures had been incubsted for from 15 to 24 dsays,
the contents of the culture flasks were hested to bolling
end filtered hot through cheese cloth. The mate of mold
mycelium were extracted with bolling water, and the com«
bined solutions were filtered through filter vsver and
allowed to evaporste slowly at 60° C. in the air. The
residues were redissclved in water and made up to 100 ml.
for snalysie, For the medium contalning pure xylose,
the yleld of kollc z2cid by the copper kojate precipita-
tion method c¢alculated to be 18.76 g. kolic acid from
100 g. of xyloge. Isolstion of kojic acid by ether
extraction ffom the medis contalning oat hull sirup

414 not give good ylelds of the crystals. The
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solutions gave however, a positive ferric chloride test.
The ferric chlorlde color test is said to detect 1 part
of kojJic acid in 250,000 (67). Pooling of the solutions
produced enough crystalline koJjic acid to identify
satiesfactorily by the melting point (152°).

The ost hull hydrolysis wss conducted in the ususl
manner with sulfuric acid. The hydrolyzate wss neutraliged
with powdered celclium oxide while a etream of sir wae
being bubbled through the solution. As the foam rose to
the surfsce, it was revestedly skimmed off. Basle lead
acetate powder was added and the precipcitaste of proteins
snd gums was filtered off. Addition of norit removed
elmost completely the color from the solution. The lead
wag precipitated from the hot solution with hydrogen sulfide,
and the hydrogen sulfide gas was removed by evaporating

the solution in vacuo st 60° C. to one-third of the

original volume. The clear, psle yellow solution showed
& blue-green fluorescence when examined under ultraviolet
light, The finsl pH of the sirup was 5.2. On standing
for only a few hours, the mixture became dark snd turbid.
This sirup was used for fermentation experimentse with

Asperglllus flavug and also with Peggé}lium chrysogenum.
The medlum employed for Aspergillus flavus had the

following composition. The values are expressed 1n grams
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per liter.
384305 - - e e e .- - 1.00
KHEPO4 ----------- 0.625
MgB0,4+7THO - = = = = = = ~ - 0.800

Xylose {equivalent from oat
hull sirup)- - 128 .0

Of this medlium 500 ml. was introduced into a 3-
llter Fernbach flask. The medlum was sterilized at
10 pounds steam pressure for 20 minutes, and lnoculated
with 2 suspension of 5-day o0ld spores. No growth ap-
peared after two weeks of incubstion at 30° C. Then
20 grame of sterlle calcium carbonate were added to the
medium, In two days mold growth was easlly vieible.
After three weeks of incubation subsequent to the intro-
duction of calcium carbonate, the solution was acidified
with hydrochloric acid and then decanted from the heavy
tough mycelisl mat. The mat was repeatedly extracted
with boiling water, and the flltrate and washings were
combined snd neutralized with sodium hydroxide. The
solution was made up to 1 liter in & volumetric flask
and an aliquot withdrawn for residusl sugsr snalysis.
The remainder of the solution was evaporested to a thin

sirup and was continuocusly extracted with ether for a
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week, The ether extract was warmed, and the residue
remeining after the solvent evaporasted furnished 1.7
gram= of crude koJic acid., The crude product was re-
crystallized from hot scetone to give a product melting
at 151-2° C. with sublimation. This is in good sgreement

with the values recorded in the literature (68).
E. Xylonic Acid Fermentations

In these experiments a culture of Penicillium
chrysogenum obtained from Dr. Cherles Thom 2nd desig-
nated by him as No. §304.11 was employed. The stock
cultures were meintained on a glycerol-yeast extract
sgar. The medium simllar to that reported (68) as
optimum for glucose fermentation was employed for the
fermentation experiments with xylose, It was recently
reported (April 1940) at the Cincinnatl meeting of the
Americsn Chemical Soclety that boric acid was of value
in the medlium. Hence this substsnce was also 1ncluded.
The method of anslysis of these cultures was suggested
in s private communica*tion by Dr. Nandor Porges of the
Agricultural By-Products Leboratory, U.S.D.A., at Ames,
end will be described below.

In a preliminsry experiment devised to determlne

whether an acid or a neutrsl medium was better for



producing xylonic acid from oat hull hydrolyzate, medila
containing pure xylose as controls were vlaced under
parallel conditions. The ssme conditions which were
chosen for the preliminsry experiments with Asperglllus
flavug were adopted with Penicillium chrysogenum, a pH
of 3.5 for one serles and a pH of 7.0 obtsined by the
addition of an excess of powdered cslcium carbonate for
the other series, It should be mentloned that the medlum
for the preliminsry experiments did not contaln boric

acid. It differed from the medium used with Asvergillus

flevug in that ferric chloride was included in s concen-
tration of 20 mg. per liter. The growth of mycellum was
good on xylose for both acid and neutral medla; for the
media contsining oat hull hydrolyzate growth wss obtained
only on those containing calcium carbonate and that growth
was much slower in starting than was the case with xylose
media, Hesvy mycelial mats were obtalned, however, in

15 days.

The preliminary experiments were conducted with 650 ml, of
media contained in 125 ml. Erlenmeyer flasks. For the
experiment now to be described a larger volume of medium
weg fermented and the experiment was performed with the
cultures under conditions of aeration. The apparatus

employed for the aerstion experiment consisted of s



2-11ter round-bottomed flask inverted and fitted with a
rubber stopper bearing a porous bacteriel filter snd
two acceesory tubes. The detalls of the apperastus are
ghown in Figure 1. The medium for each flssk had &
volume of 600 ml. and wae sterilized at 10 pounds steam
pressure for 20 minutes, The aerator unit wss sterilized
geparately and after inoculation of the medium the assembly
wes fittéd in olece. It was securely wired to the neck
of the flask in order to withstznd the air pressure to
which the spparstus was subjected,

The oat hull eirup employed for this experiment was
a portion of the same solution whose prepsrstion was
described in conjunction with the koJjic scld fermentation.
The composition of the medlum expressed in grams per

liter, was 88 follows:

NaNOg = = = = = = = = = = = = = = = = - - 3.0
KHoPOy~ = = = = = = = = = = = = = = = - - 0.300
MES04.7 Ho = = = = = = = = = = = = = - - 0.250
Felly « = = = = = = = = = = = = = = = - - 0.100
Boric aclf- ~ - - = - - - = - - - - - - - 0.250
(3!1('30:5 ------------------ 40.0

Xylose {(pure or its equivalent from
oat hull sirup) - - - - = = - 200.0
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Immediately after the medium had been lnoculated, the aera-
tion was begun. Sugar analyses were made during the
course of the fermentation. After s few dsys the sub-
merged mycellal growth becsme dense, especlally around

the wglls of the porous filter. 1In fsct, the growth

wae 80 heavy that the pores of the filter became filled
and 1t wes necessary to merkedly increase the alr pressure
in order to maintein a continuous stream of tiny bubbles
of air through the medium. The air was not humidified,
and, consequently, there was considerable evaporation and
& corresponding concentration of the sugsr solution,

It was hoped at the initistion of the experiment that

the fermentation would be comvlete in perhaos four or

five days, end the evaporation in that short time would
have been negligible., However, it was found that sugar
utllization 4id not warrant = discontinuation of the
seretion at 50° C. until 15 deys hed elapsed. Then, the
solutions were heated to bolling, the mycells were
filtered off through cheese cloth, and the excess calclium
carbonate was removed by filtering through filter paper.
The insoluble metter was thoroughly washed with hot water,
the filtrate and washings were combined, scidifled

with sulfuric acid, and concentrated in vacuo at 609 C.

The concentrated filtrate from each culture was then
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mede uo to 500 ml. in a volumetric flask. An aliguot
was removed for sugar snalyeis and asnother sample was
taken for the determination of soluble calcium. The
remainder of the solution (390 ml.) was evaporated on

a hot plste until the avpearance of a white gummy pre-
cipltate became noticeable. The mixture was then re-
frigerated for two hours and 726 ml. of ice-cold methanol
was added in a fine stream with stirring. The white
gummy precibitate settled out, and the mixture wsas
refrigerated for 20 hours before filtering. The vre-
clpitate was washed with two successive oortions of
methanol snd then sucked dry on the fillter. The weight
of the material was 3.6 grams. Evidence for the formation
of xylonic acld from xylose by Penieilllum chrysogenum
wse secured by ldentifying the compound. The bruclne
derivative, prepared according to the method of Neuberg
(81), corresponded to that for xylonic scid. The deriva-
tive melted at 170-2°C. ﬁeuberg's preparstion melted at
172-4°C,

For the soluble caleium determination, sliquots were
taken for analysis. After the organlc matter wasg destroyed
by heating the samples with concentrated sulfuric acld
for four hours and alternately cooling before adding
(81) Neuberg, C., Ber., 35, 1473 (1902).
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concentrated nitric acid and reheating until colorless
solutions were obtained, the calcium was preciplitsted as
the oxslste. The precipitate was redissolved and re-
precipiteted and the oxalate estimated volumetrically with
standard potassium permanganate. From the weight of the
celclum present in the flltrate, it was calculated that
the medium containing pure xylose produced 12.4 grams

of xylonlc acid; the hydrolyzate medium contained 14.3
grams of xyleénic scid. From the difference between initial
and final sugar determinations 1t was computed that 48.0
grams of suger disappeared from the xylose medium, while
only 27.C grams of xylose disappeared from the oat hull
siruo medium. The spparent yleld based on the sugar
consumed le 25.8 § for the xvloee medium and 52.9 % for
the hydrolyzate medium. However, it will be noticed

that while there were formed oractically equsl amounts

of soluble c¢aleium, nevertheless there was consumed_only
half as much xylose in the ocat hull sirup as in the
medium contalning crystallized xylose. It may be that
the criterion of dlssolved calcium 1s not a good measure,
under these conditions, of calecium xylonste, at least

from the hydrolyzate,
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V DISCUSSION

The nutrition of certain xylose-fermenting bacteria
and molds 1s reassonably well-formulsted. The conditions
necesgsary for the growth of the orgsnisms and the dlesimi-
lation of carbohydrates have been reported by many workers
in the field., The micro-organisms choeen for this work were
ones for which an environment had been developed and the
composition of an adequate medlum had been determined.

The fermentation of xylose by the butyl-acetonic
orgenlsm wss of the normal type reported by Underkofler
(35). The ususl solvents, butanol, scetone, and ethanol,
were obtalined in good yields; the sugsr was utilized com-
pletely. Agsin, for the Aerobscter aerogenes fermentation
a complete converslon of the sugar was obtsined and the
customary 2,3-butylene glycol was formed in amounts similar
to the reports by Breden et. al. (41). The fungus,Aspergillus
flavus , wae capable of trasnsforming pure xylose into kojlic
acid. Ylelds were similar to those found by Barham snd

Smite (52). The fermentetion of xylose by Penicillium chry-

sogenum and the 1solatlion of xylonic acid from the fermented
cultures ig reported for the first time.
However, with crude xylose sirups prepared from acld-

hydrolyzed oat hulls, the conditions for microbiologicel
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growth and for fermentation were not sttained to the same
degree of proficlency. The butyl-acetonic fermentation was
of normel type in medis conteining oet hull sirup and sup-
plemented by ground corn to the extent of 50% of the total
carbohydrate content. At higher concentrations of crude xy-
lose solutions the yleld of products wss almost slways very

poor. In the case of the Aerobacter gerogenes experiment

the micro-organism showed no signs of growth in the hy-

drolyzate medium, The extent to which Aspergillug flesvus
transformed crude xylose into kojiﬁ acld was sufficient to
isolate the oroduct snd to identify it, but the relative
smount of final product was small indeed, In the work

described with the Penicillium chrysogenum cultures on osat

hull sirup medium the consumption of sugar was only half
that of the pure xylose control.

The ssme nutrients were added to media containing pure
xylose and oat hull hydrolyzate, and since fermentation
occurred in the former but not in the latter solution, 1t 1is
not ressonable to expect that nutrlients were lscking in the
crude xylose medium, The fault of poor fermentation cannot
be attributed to the omission of essentlisl substasnces but
ought to be assoclated with the incluslion of some inhibltory
substance or substances present in ost hull sirups. These

crude sugar solutions may not produce normsl fermentations
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because of one of the following reasons:

(2). The concentration of essentlisl or accessory
inorganic nutrients may be too great for fermentation; or

{(b). Ost hull hydrolyzates may contain an organic
substance or a mixture of orgsnic substances which 1is
toxic to the micro-organisme, It is almost certain thst
some compound or compounds are present in the crude
girups from oat hulls which prevent fermentations from
following the normel pathways,

If the toxle factor were an inorganic lon present in
the hydrolyzate, its identity could be established by an
experiment in which cat hulls were 2shed snd the ash in-
cluded in & favorable medium in varying concentrations.

If a normal fermentation could be inhibited by the addition
of the inorgenic materisl, it would be fairly easy to
eetsblish which fraction of the ash was resoonsaible for

the toxle properties. I1If, on the other hand, the ssh could
be sdded to a medium without impeding the fermentatilon,
then clearly, the inhibiting factor could not be inorganie.

The presence in the hydrolyzsate of sn organic materisl,
rether thsn an inorganic substance, toxic to the micro-
orgenicme tested 1s, in the author's opinion, the more
probable supposition. Compounds present in small quantities

in plant tissues usually escape detection in the ordinary



methods of sanalysis of cellulosic materials.

The empirical prodedures employed by the anslyticel
chemlst often lump together certsin materiale which may
have = single, common property, for example, insolubility
in a definite reagent. A case in point is lignin. Em~
ploying one method of snalyslie wherein an orgsnic sub-
stance is first treated with cold 72% sulfuric acid or
cold concentrated hydrochloric scild and then the diluted
solution 1e boiled, there results an insoluble residue;
this product may be termed "lignin". On the other hand,
the theme of Hilpert (82) has been thst all "lignin"
found by the sbove method of snsalysis 1s not true lignin
from the plant tissue, but is, instead, an insoluble resin
formed from the sugars present under the conditions of the
analysis. In Hilpert's work the pure pentose sugars were
subjected to the conditions of 2 lignin enalysls snd a bDlack
condensation product waes produced which, if it were found
in an enslysis of vegeteble tissue, would have been 1included
in the cstegory of "lignin®. It 1s not to be implied here
that lignin does not exist in plant materials in some form,
but merely, that estimation by the use of the cold concentrated
gcild method may give results which may be misinterpreted,
(62) Hilpert, R. S., and Litmsnn, E., Ber., 67B, 1661

{(1934);

Hilpert, R, S., and Meybier, H., Ber., 71B, 1962
{1938).



So also the ether-soluble materisl may not only be fats
end oils but also sterolds, savonins, etec., In the ususal
analysis of a vegetable tissue there are found cellulose,
lignin, hemicellulose, ash, moisture, and fat; the sum of
these values commonly spproaches 100%. The point which
is %o be emphssized here 18 thst in complex tlssues there
are many other substances vresent which have escaped the
attention of workers.

Pogsible toxic materials which might have been present
and thus have imhibited the fermentations of this investi-
gation include: furfursl or related products with the
furan structure, lignins or tannine, saponin-like sub-
stances, and complex nitrogenous substances.

Furfural, itself, has long been known for its bacterici-
dal and fungicidal properties., It is usually produced by
a dehydration of tentoses, The chlef commercial source of
furfural is ost hulls, which are treated at sultable
temperatures with strong mineral acid; the furfural 1is
stesm-digstilled from the mixture., Under mild hydrolytic
conditions only small amounts of furfural are formed in
the solution. The compound is quite resctive, however,
snd commonly tends to condense with other substances
to form furanold resins at modersately elevated tempera-

tures. In oat hull sirups 1t is to be expected that
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lignin and furfurel react to form condensation products.
After sterilization of the hydrolyzate solutions in the
sutoclave 1t was found that there was always considerable
darkening of the color, and ordinarily the precipltstion of
some amorphous, insoluble matter, Although a small pert

of the darkening msy heve been due to a slight caramelizing
of the sugers, nevertheless the greater part resulted from
some other constituents in the oat hull hydrolyzates.

The possibility that 1lignin may be the substance
regsoonsible for the fallure of the fermentation of these
oat hull Julces must not be overlooked. Lignin is known
to be inhibitory towerd certaln fermentstions. Olson,
Peterson, and Sherrard (83) showed that lignin-containing
material such as ground wood oculp wes not readily fer-
mented by enrichment cultures of thermophilic cellulose-
fermenting orgsniems, and that the non~-fermentsebllity
of the wood was associsted with its lignin content. By
submitting the woods to a nitric szcid treatment first
and then to an alksline cooking, they were able to reduce
the lignin content below 1%. If lignin were less than
1%, these investigators could obtain good fermentstions.
¥hile lignin 18 reported to be insoluble in dilute =z2cid
solutions, nevertheless certain smsll amounts are acid-
soluble a2nd could be oresent in oat hull hydrolyzates.

(83) Olson, F. R., Peterson, W. H., and Sherrard, E. C.,
Ind. Eng. Chem., 29, 1026 (1937).
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In fact, Bryner showed that the analysls of oat hulls before
and after hydrolysis indicated about 4.5% of the lignin
had dissppeared from the residue after hydrolysis., Part
of this lignin loss may be accounted for as soluble
1lignin in the hydrolyzate.

Related to lignine are the tannins. These latter
substances are qulite soluble and may be able to exert
their inhibiting influence to a greater degree as &
result of this property. Rokusho (84) showed that tannin,
extracted with hot water from kaollmng, was toxiec in
the butyl-acetonie fermentation of kaoliang. By extraction
of the bran with dilute sodium hydroxide at 50° C. he obtained
a red coloring matter which =180 retarded the fermentetion.
Schmidt, Atterer, and Thaler (85) indlcated that the humic
substances which were produced during the acid hydrolysis of
hemicelluloses were toxic in fermentstion experiments. However
they reported that if a chlorine dloxide trestment were pro-
vided, the humlc matter was removed and the hexose fermen-
tations with yeast were normsl. It appears likely that
either aqueous chlorine dioxide, or some similer oxlidlzing
agent destroys the toxicity of lignin-like substances.
The nitric scid treatment of the woods reported
(84) Rokusho, B., J. Agr. Ghem. So 13 apan, 10, 1211

(1934) /€. A., 28, 1573 (1935

(86) Schmidt, E., Atterer, N., and Thaler, H., Cellulose
chem., 10, 183 (1929)
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by Olaon, Peterson, and Sherrard (83) lends support to
this contention.,

When the hot acid solutions are removed from the
autoclave after the hydrolysis and are cooled and neutra-
1ized with cslcium carbonste, very stable foams are pro-
duced. The apoersrance of these froths suggested the pos-
8ibllity of the presence of sasponins. These compounds
are widely distributed among the higher members of the
olant kingdom. One of the outstending properties of the
gsaponlin class of compounds is the resdy formation of foans
in water solutlons and stabilizatlon of emulsions of fate
and olls. Physiologically, they sre cspsble in very low
concentrations of hemolyzing erythrocytes. If savonins
can lyse red blood cells, 1t does not seem too difficult
to concelve of thelr lysing bacterial cella., Their toxlec
action has been attributed to their abllity to extract
cholesterol from the walls of the erythrocytes. Bryner's
{4) analysis of oat hulls showed 2% ether extract which could hsve
included, besides the o0il and fats, also ssponins if present,
The fact that hydrolyzates sfter orolonged chloroform extrac-
tion did not ferment any better than unextracted sirups
does not encourage the postulation that saponins are the
toxic agent. On the other hand, Gill (88) slso Bugzests
that savoning or compounds related to them produce conditions

(86) Gill, A., J.Soc.Chem.Ind., 38, 411T (1919).
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unfavorable for the butyl-ascetonic fermentation. The last-
nesmed investigator studled this fermentation using horse
chestnuts as a substrate. By extracting the nuts with
butanol previous to fermentation he presented evidence
that horse chestnuts could be fermented almost as well

es corn mash. In his experiments the total solvent
(butanol and acetone) yleld was 24% from corn mash, while
it was 18% from horse chestnuts. Gill recommended that
the aterilization of the medium be performed at low
temperatures (10 pounds stesm pressure) and for only a
brief pveriod of time (1 hour) in order to extract only
gmall amounts of tannin which he recognized as toxic to
the orgsanism.

Another type of substance to which the toxic behavior
might be attributed is a comolex nitrogenous substence.
Only small bits of exoerimentsl evidence ere submitted for
1ts existence in oat hull sirups. First, when =zcid
solutlions of the hydrolyzates are made slightly alkaline
with sodium hydroxide, there 1ls liberated a flshy odor
not unlike that of methyl amine or one of its homologues.
Second, when organic matter 1s destroyed by digesting the
golutions with bolling concentrated sulfuric scid, prolonged
severe treatment is necessary. For the calcium analysis

after the xylonic scid fermentation had térmlnated, the
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destruction of orgenic mstter required over 8 hours of boll-
ing wilth conecentrated sulfuric asclid with occasionnl sd-
ditlons of concentrated nitrlic acid until the solutions
beceme colorless, Certsin of the heterocycllic nitrogen
compounds are notorious for their resistsnce to degra-
datlon treestment of this type. Substsnces such ss

Apyridlne or histidine are decomvosed by bolling sulfuric
acld with great difficulty.

Untll ost hull hydrolyzates are carefully snalyzed
and the individusl constituents lsoleted and i1dentifled,
it %111 be frultless to definltely attribute the toxile
fsctor to sny one substesnce., It seems very likely that
more than one toxic factor 1is present; hence to croduce
e fermenteble sirup 1t mey he necesgary to resort to
geveral trestments in order to remove the sgents of inhi-
bition.

Poesible suggestions toward solving the oroblem of
poor fermentstion of the hydrolyrate include the following.
To orevent fursnolds from forming or condeneing, sterlili-
zation by heat should be avoided, The use of a bacterlal
filter would produce a sterile medium in which the formation
of resins resulting from the hest treatment will have been
§revented. It has been shown by G111 (88) that ssoonins

may be removed by a solvent extraction. Hence, elther the



- 70 -

hulls before hydrolysis or the hydrolyzates after concen-
tration of the sirups could be extracted with solvents
such as butanol, for example. Work along these lines 1is
at the present time being conducted by other investigators
in these lsboratories.

The anomalous behavior of the butyl-acetonic fermentsa-
tion of phosphoric acid hydrolyzates has perhaps acme slg-
nificence from the point of view of cellular metabolisem,

It is known that butyric and butylic bacteria both pro-
duce butyric acld from cerbohydraste suopllied to them; the
butyric becteria cerry the reaction no further, but the
butylic organisms reduce the butyric acid to butanol. 1If
asparsgine is provided in the medium for the butyric acild
bacteria, they too can convert butyric acid into butanol
(60), (87). Perhaps, since butyric bacteris have poor
proteolytlic powers, they cannot supply themselves with
ssparagine from the protein of the medium. The butylilc
organisme are markedly oroteolytic; hence they can cleave
proteing and obtain ssparsgine to continue the dissimilstion
one stev further. By incorporating an oat hull hydrolyzate,
prepared by the use of phosvhoric 2014, into the medlum

the dissimllation by the butyl orgsnism has been arrested

at the butyric acid stege. The manner in which
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phosphate (or pyrophosphate) inhibits the reduction is a
question for speculation.

(1) Does it inhibit the enzyme which cleaves the protein
to give asparagine and thue cut off the supply? (2) Or
does it tle up, in some manner, the asgparagine once 1t 1s
formed? (3) Or does it phosphorylate the sugar or carbo-
hydrate cleavage products in such a way that they will not
supply some substance necesgsary as an intermediate for pro-
teolytic conversions? To settle the question, further
experimentation will be neceeeary. If (1) is true, then
addition of asparsgine to the medium should give butanol.
If (2) 1s true, asparagine added should be tled up, and
no butanol should result., It is of course possible that
phosphate 1g& not the inhibitor, but that the hydrolysis

of oat hulls with other acids has not produced the same
conditlions that are, in some way, an accompaniment of

the phosphoric acid treatment.

An example ls suggested here of a method for changing
| the mechanism of a fermentation. Tatum, Peterson, and
Fred (87) demonstrated that a butyric acid orgenism msy
be made to act as & butanol producer. Evidence is presented
here that a butyl slcohol bacterium msy dbe made to produce
(87) Tatum, E. L., and Peterson, ¥. H., J. Bact., 289,

87 (1938);

Tetum, E. L., Peterson, ¥. H., and Fred, E. B.,
Ibid., 29, 6563 (1938).



butyric acld and not butanol.
The sluggish fermentation of butyl alecohol bacteria
is one in which the ascidity incresses to a high degree.
The szent responsible for sluggish fermentations hae been
attributed by Starr {(85) to have the properties of a filter-
able virus. It is perhaps possible that this sluggish
principle contains, or is, even, an anti-enzyme which
prevents proteoclysis and cuts off the éupply of asparsgilne,
or else a carrier essentlal for the reduction of butyriec
acid to butenol is withdrawn from the scene of operations,
¥uch of the sbove is purely speculation, and the only

snéwers to the questions will be found by experimentation.

(88) 8tarr, D. F., Doctoral Dissertation, Iowa State College,
1633.
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VI SUMMARY

Oat hulls were hydrolyzed with dilute mineral acids,
and the pentose sugar solutlions were prepared for

fermentation,

The butyl-acetonic fermentation of mixtures of oat
hull hydrolyzstes with ground corn‘gave normal ylelds
of solvents and the ratlos of butanol, acetone, and
ethanol were essentially 6:3:1. As much as 50% of
the total carbohydrate could be derived from the oat
hull sugars without diminishing the solvent produc-

tion.

No significant differences in the butyl-scetonic fer-
mentation resulted when hydrochloric, nitric, or
sulfurlc sclds were employed ss hydrolyzants, However
hydrolyzatee prepared with phosphoric acld gave ab-
normal fermentations in which the activity of the
cultures soon ceased and the oroduction of butyric
and acetic acids was markedly high. The possible

silgnificance of this phenomenon is dlscussed.

Aerobacter serogenes, under the conditions employed



6.

- 83 =

did not grow in oat hull hydrolyzates, but grew well in
e medium conteining pure xylose, and geve normal ylelds

of 2,3-butylene glycol.

Asvergillus flsvus produced kolic scld in small smounts
from ost hull hydrolyzates but gave good ylelds from &

medlium eontaining opure xylose.

Penieillium chrysogenum produced calecium xylonate in

a medium containing elther oat hull sirups or pure xy-
lose. The xylonic acld was isolated and identifled

by the brucine derivative.

A diecugsion of vossible inhiblting substances which
might be responsible for the voor fermentations of oat

hull sirupe 1s presented.
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