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Fermentation of Ĥ drolyaates Prepared from 
Hemlcelluloslc Wastes ..... 22 

METHODS 30 

EXPERIMENTAL RESULTS 31 

Preparation of Hydrolyzates 31 

Cteneral methods 31 

Rates of hydrolysis of oat hulls with 
various mineral acids 33 

Attempts at purification of the 
hydrolyeates 37 

Butyl-Acetonic Fermentation of Oat Hull 
Hydrolyzates . 39 

Methods 39 

Fementatlon of corn meal-oat hull 
hydrolyaate mixtures 40 



- 2a -

Fermentation of pure xylose and of 
bydrolyzates of xylan and of oat hulls ... 46 

Butyl-acetonlc fermentation of a phosphoric 
acid l̂ drolyzate of oat hulls 48 

Effect of possible Inhibiting factors ... 50 

Toxicity of furfural 50 

Effect of chloroform extraction of 
hydrolyzates on fexventatlon 53 

fhe E,3-Butylene G-lycol Fermentation of Oat 
Hull ̂ drolyzates 55 

Kojlc Acid Fermentations 58 

Xylonlc Acid Fermentations ..... 62 

Discussion 69 

SUMMARY 82 



AGKMOWLED̂ SSHTS 

The author wishes to express his sincere appreciation 

to Dr. E. I. Fulaer and to Dr. L. A. Underkofler for their 

encouraging guidance during the course of the experimental 

work and for their kind and helpful advice and criticism 

during the preparation of this thesis. He also takes this 

opportunity to thank Mr. Frank B. Folckeaer for his aid 

in conducting certain laboratory experiments and routine 

analyses. 



- 4 -

I 11I1ROD0CTIOM 

Maay ftgrieultural wastes or agrleultural residues 

aeeiraiilate eaeh yesr throughout the world. I^se wastes 

iaeXude straws, stalks, steas, hulls, eohs, shells, aad 

pods. Some aajr be eonsidered trade wastes, siaoe they 

are derived from the proeessii^; of farm orops whioh have 

heea transported to the faotory aad have been separated 

from the priaeipal produet there. Benee at the haek-

yards of Aatioaal industry there are saassed great heaps 

of sueh residues. The acouaulation of these buDcy resi­

dues has presented the industries with a serious problea. 

Outstanding luaong the industries facing these prob­

lems are the processors of wood, sugar oane, oottonseeds, 

peanuts, riee, and oats. In eaoh of these industrial arts 

there exists the problea of how best dispose of the re-

speetive wastes, naaely: wood wastes, sugar oane bagasse, 

Qottonseed hulls, peanut shells, rioe hulls and oat hulls. 

Zt is with the last naaed raw aaterial that this thesis is 

eonoemed. 

Statisties on the annual production and availability 

of eertain of the agricultural byproduets have been 

eolleeted 1^ the Onited States Departaent of Agriculture 



la & recent report on the proposed regional researeh 

Xaheratorles CD. For the years 195I«-3&, Xn&lmlw, 

4U&ta sure glvea as follows: 

Average annual 
production 
of dry produot*toiui 

Sstlaated quan­
tity of dry tgr-
product aTall-
able for in-
dastrlal mt" 
fens. 

Gottoaseed hulls 1,166,000 
S ,699,000 

583,000 
3,699,0<K) Bagasse filler 

Sl«e teOls 
Oat hvdlls 

182,000 
4,651,000 

182,000 
150,000 

f&e question of how to dispose aost eoonoaleally of 

these residues has not yet been satlsfaetorily answered. 

Host frequently in the past these masses of aaterlals have 

been burned at the factory as a fuel, and in soae oases 

the ash produced could be eapleyed as a fertiliser. Al­

though the eellulosic wastes are not particularly good 

fuels, a tremendous tonnage can be dieposed of by this 

practice. Bowever, it is believed that these aaterlals 

have greater potentialities cheaically and that other 

i^des of disposal are possible. One possible device for 

utilising wastes, that of destructive distillation, has 

been discussed recently by Jacobs (2). A second channel 

for disposal of residues has been the technical production 

CI) S. Senate Document Ko. 65 C1939) p. 51. 
C25 Jacobs, ?. B. , Ind. Ohea. , 214 C1940). 
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©f f«3PfQral ̂  ft series of hydrolytlo and del^dratlon pro-

eedores. Mother aethod of approaeh is the possible fer-

aeatatloB of the wastes to produce a Tarlety of utlllzable 

ehealoals <9). 

<!%ese vegetable wastes are eosaoiily teived ''eellulosle 

agricultural aaterlals". Proa the ohealeal polat of view 

they are eoaposed not entirely of oellulese. ISsually they 

eoBtala aore than fifty pereent of other stibstanees, chiefly 

ll^is sM the healeelluloses, Zt is with the heaioellulose 

fraction that we are here eonoemed. A typleal analysis 

gliren for oat h»lls by Bryner (4) Is as follows: 

y sable to reduolag supers 
(oaleulated as xylose} S9.10 

fhe tera ^heaioellulose" was introdueed by Sehulse <6} 

in li®l to desliptate eompounds extracted froa plant aaterlals 

which were either pentosans or hexosans or coi^inations of 

both. On hydrolysis such substanoes should yield only the 

siaple sui^s, pentoses lusid hexoses. Zn 1926 ifiss 0*0wyer 

(6) fcraji^ that so-called heaioellulose preparations contained 

(3) fulaer^ £. I,, 3^d. Ohea., 206 <1936). 
(4) Bryner» L. Q., (^Isf^senTir. M., and Fulaer> S. I. 

Moisture 
Ether extract 
Ash 
0rude fiber 

&.6Ĉ  
2.02 
7.32 
36.04 
20.69 

(6) Schal 
(6) ©•Bwyer, M. H. . Bioefiea. J., 2g» 666 (1926). 

206 11936). 



in ftS&itioa to peatoa* aiia hexosa wit* still a»oth«r 

elaaa ef (rabatanea: namely, uronie aelda* fha presanoa 

Qf thaaa sugar aalde has ainoa been shown to be wide 

apraad in tha heaiealluloeea from Tariotta aoureaa. Borne 

eonf^aion «!ciata in the breadth of the heaieallulosa reals» 

and the aembara which have been admitted froa tiae to tiae 

inelMe the g^a» pectina , auoilagea, poly^ronidea, and the 

poljaerlzad aaeeharides aueh as the pentoaana and hexoaans. 

^e haa been defined by Moraan {7} in 1937 as 'thoae 

eell-wall polyaaecharidea whieh aay be extracted froa plant 

tiaaaea by treataent with dilute alkaliea, either eold or 

hot^ bmt not with water, and whieh may be hydrolysed to 

Qonatititent aogar and sugar^acid units 1^ boiling with hot 

dilute aineral aeida.** 

Seaioelluloeee were isolated froa oat hulls by iuaderson 

and Ertnarieh (@) in 1935. On hydrolyaia they obtained the 

following slaaTage produeta: d-xyloae, l-arabinoae» and a 

uronie aeid eoapound that split into d>galaotoae and d-

glueuiH^nie aeid. It waa oonoluded that the hemieelluloaes 

froa oat hulls might be considered as a aixture of a xylan 

and a polyuronide. 9%e polyuronide contained d-glueuronio 

aeid coabined with two aoleculea of d-galactose and with 

(?) loraan» A ,  Q . ,  Biocheaiatry of Selluloae, the 
Folyuronideay Lignin, etc? London, B. Milford, 
Chcford Oniv. Free a, 1937. 

(8) ABderaon, E. and Krznarich, P. W. Biol. Ghea., 
111. 849 {193&). 
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& series of molecules of l*aral>lnose. 

Sx&slnation of xylans in the laboratories of Hirst 

and Haworth <9, 10) has been in progress for seTeral years. 

In 1954 the ©aglieh workers found that xylans oontain a 

fairly eonatant proportion of l-arabinose units la oon-

Juaetion with &w3qrlose units. They showed that one arabo-

furanose unit was associated with 18 to 80 xylopyranose 

units in xylans. Evidence was offered to indieate that 

the xylose units were Joined by a beta^linkage. 

3inee oet hulls, when treated with proper eonoen-

trations of dilute sineral aoids under suitable oonditions, 

produce hydrolysates whioh oontain reduoing sugars, largely 

pentoses, the idea suggested itself of using the t^drolyzates 

as aedia for aierobiologioal growth and for feraentation of 

the eax%ol^drates to produce useful oheiaieals. 31ie purpose 

of this investigation was to study the aethods of preparing 

l^drolysates with a view toward itaproving the media for 

fez^entation. fo determine the feraentability of these 

crude sugar solutions, a comparison could be made with 

solutions of pure xylose. On the basis of possible in­

dustrial application certain bacteria and molds were chosen 

for etudy. Tike prooediire should offer promise for appli-

oation to other material of similar composition and to 

(9) Stempton, M. A. , Haworth, W. M., and Sirst, £. L., JL* 
©hem. Soe. . 1929. 1739. 

(10) Ifovori^h, W. *., Birst, S. L., and Oliver, S. Ghem. 
Soe. , 1934. 191?. 



other miero-organisss. 
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II HISTORICAL 

A, Xylaas 

Xylan Is sooewhat of a generic term for a polysaooharide 

which hydrolyses to yield chiefly the pentose xylose. De­

pending to a certain extent on their regetahle origin, 

various xylan preparations aay differ among thesselves. 

Xylan was first Isolated in 1846 by Poiiaarede and Flguler 

(11) who extracted wood with alkali and precipitated the 

gus with acid aM alcohol, fhe history of xylan and of 

xylose has been reviewed by Harding (12). According to 

Harding, xylose itself was first prepared by Frledrich 

Koch in 1886. Koch's procedure was essentially the same 

as the stethod used today. Modern techniques have since, 

of course, modified the details in order to secure the 

greatest possible yield of the sugar froa the best pos­

sible source. Koch*s procedure Involired a sulfuric acid 

hydrolysis of wood gun. This was followed by neutrali­

sation with b&ryta, elarification with charcoal, and con­

centration to a thick sirup, fhe filtrate froa an alcohol 

(11) Pouaar^de end Flguler, L. , J.ohara. chia. ,(III) 
12, 81, (1847)^ 

(12) Harding, T. S., Sukar, 25, 124 (1923) . 



- 11 -

precipitation of gums was then concentrated and the 

eiT̂ gtalllaation was allowed to proceed during a few days. 

The new sugar Koch teraed "holzzucker* hut was soon re­

named xylose. In 1891 Bertrand (13) prepared xylose a 

direct iQ'drolyels of oat straw, Instead of first going 

through the interaediate isolation of the xylan by an 

alkaline extraction. Harding calls attention to this 

work as the first instance in which a respectable yield, 

4̂  yield of the sugar fro® the raw material,was obtained, and 

also the first instance in which a direct hydrolysis was 

used efficiently. 

Xylan is widely distributed in the plant kingdom. 

It is found in most straws, husks, woods, grains, and seeds. 

According to Harding (12) , xylose has been obtained from 

the following esterials: brewers' grains, corncobs, jute, 

apricot seeds , beeclarood, hay , flax, oat and wheat straws, 

Psyllium galllouffl, the alkaline liquor of the paper in­

dustry, oat hulls, and cottonseed hulls. The sugar has al­

so been reported to have been found in the following; sun­

flower seed husks (14) , birch and aspen wood (16) , white 

(13) Bertrand, M. &. , Bull. Soc. Chim. , (III) 555 (1891). 
(14) Plyushkin, E.Z. and Clutverikov, N.M., J. Applied Chea. 

(O.S.S.R. , 7, 1008 (1934). /g.A.29 . 5418 (1935)_/. 
(15) Mirlls, I5.I. and Gorokholinskiura ,M.S. , J. ghea. Ind. 

(Moscow) , i2 , 56 (1935). Ĝ.A. , 2̂ , 1813 (19351/. 
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spruce Cl6) , fir and pine woods (17) , bamboo (IS) , bagasse 

(19) , cornstalks (20) , the straws of rice (21) and rye (22), 

peanut hulls (23) , pecan shells (24) , and recently tobacco 

stalks (25). 

B, d̂rolysls of Hemicelluloslc Materials 

Because of the ubiquitous presence of xylose in plant 

tissues, there exists quite an extensive literature on the 

preparation, and on the occurrence of the sugar in many 

raw aaterials. Secessarily the problems of saccharlfication 

of cellulose (Bergiue process) (26) , as well as the 

pulping of wood for paper have given rise to a closely 

related literature. While the procedures are, in general. 

(16 

(17 

(18 

(19 

(EG 

(21 

(22 

(25 

(24 

(25 
(26 

Sherrard, E. G., and Blanco, 5. W. , Ind. Eng. Ghem. , 
i|, 611 (1923). 

Allgaler, R. J. , Peterson, W. H., and Fred, E. B. , 
Ind. Eng. Cheat. , gl, 1039 (1929).  ̂

Runkel, R. , Geraan patent 576,498 (1933) /C.A. , 28. 
89S (19M)Ĵ . 

Sherrstrd, E. C. and Blanco, 0. f. , Ind, Eng. Ghea. , 
12, 1160 (1920). 

Peterson, 0. J., Doctoral Dissertation, Iowa State 
College (1930). 

Beshpande, D. D., J. Indian Inst. Sci., 13A, 93 
(1930) 2?. A. , 24 , 4890 (19301̂  II. 

Suida, H. , Sadler, 17, and Koss, F. , Papier. Fabr. , 
2Bt 345 (1930) A. , 2̂ , 4389 (ifSoP̂  

de B̂ sunce, 9. , Bull, aat. grasses, 
. A. , 20, 2230 (19g6)_7 

Thor, C. 17 and Saith, C. L. , J. Am. Cheia. Soc. 
1640 (1934). 

Bennett, E. , Ind. Eng. Chea. , 933 (1937). 
Bergius, F. , Ind. Eng. Chea. , M, 247 

(1937). 
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quite similar, nevertheless the success of any given de-

veloDed orocese Is dependent on specific modifications and 

details. In the esse of the Bergius process for the sac-

chariflcfttlon of cellulose, for example, much of its suc­

cess has been dependent upon the creation of equipment such 

as acid-resistant digesters and diffusion batteries. 

ôngthe many factors involved in the hydrolysis of 

plant tissues are; (1) the type of plant tissue, (2) the 

choice of hydrolyzing agent (sulfuric acid, sodium hy­

droxide, etc.), (3) the temperature, (4) the concentration 

of the hydrolyzant, and (5) the time of hydrolysis. 

The sugars from cellulosic materials are commonly 

obtained by treating the plant tissues with hot dilute 

mineral adds. Such a treatment will produce a solution 

of the sugars seoareble from the cellulose and lignln. 

Under more drastic conditions It Is ooesible to cleave the 

cellulose into dextrose units and to leave principally 

llgnln. With this treatment some of the pentoses are 

degraded, taut the increased oroductlon of hexoses from 

cellulose tends to offset this loss. In the alkaline 

pulping of woods and straws for the manufacture of paper, 

the hemicelluloses and llgnlns are extracted while the 

cellulose is left Intact. 

The degradation of hemicelluloses by an enzymlc 
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Cleavage say be ooasidered a valtieble aid in the destraotlon 

of straws In the soil, but the process of rotting of straws 

by oloro-organlsas Is usually too slow to be of much in­

dustrial importance (except In retting). 

The present paper will consider only the lalld acid 

hydrolysis of the heaicelluloses. 

One of the limiting fsctore in the hydrolysis of 

pentosans is the temperature. Lander (27) showed that 

xylose solutions were less resistant to destruction than 

dextrose in dilute sulfuric acid at various temperatures 

in the range froa 120 to 142 degrees centigrade. If 

a xylose solution (0.1̂ ) were heated with 0.18̂  sulfuric 

acid at 142° C. , the sugar was destroyed in lese than 

thirty minutes, tinder the same conditions dextrose could 

be exposed safely for three hours. Kresssan (28) pursued 

the subject further to learn some of the liraits for dex­

trose. These solutions in O.IJS sulfuric acid were stable 

at 1®30 C. for fifteen ainutes, were decomposed but slightly 

at 175®, but were largely destroyed at 186® C. The re­

lationships existing between the conditions of teaperature, 

tine, and concentration of hydrolyzsnt are all so Intiaate 

(27) Sreat Britain Dept. of Scientific and Industrial Re­
search. FNjel Research Board. Fuel for motor 
transport. Fourth Meoio. 1927. 

(28) Kreasaan, F. W. , U.S.D.A. Bull. 983 (1922). 
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that a stu^ eannot be Interpreted properly if cognizance is 

not taken of these factors siaultaneomsly. 

Kressean <28) in 1922 reported one of the first syste-

natic studies on the mild aoid hydrolysis of the hesticel-

luloses of plant products. His work was concerned with 

the production of sugars from wood wastes for the purpose 

of fersentation to alcohol with yeast. He detersined con­

ditions which would give optiflitai yields of sugars and con­

ditions which would give optiauffl yields of alcohols, ^e 

factors which he varied were:: the sulfuric acid concen­

tration, the liquid-solid ratio, the tenperature, and 

the tiae of ̂ drolyais. 

In 1930 Sail, Slater, and Acree (29) of the U. S. Bu~ 

reau of Standards developed a method for the production of 

crystalline sty lose from cottonseed hulls, fhis process, 

conducted on a semi-comsercial scale in Alabama, was re>* 

ported hy Schreiber, 9eib, Wingfield, and Acree (^). An 

outstanding feature of their procedure is the fact that no 

alcohol is needed for the ci^rstallisation. the essential 

steps include: (1) a hot water extraction of the cotton­

seed hulls to remove the gums, which interfere with the 

crystalliKttion; (2) a cold dilute suiruric acid 

(29) Hall, W. L., Slater, C. S., and Acree, 3. F., Bur. Stan­
dards J. Research. 4, 329 (1930). 

(30) Schreiber, W. T., Geib, S7 V. . Wingfield, B. . and 
Acree, S. F. , Ind. E^. Chem. , 497 (1930), 
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extr§ctlon to remove the inorganic salts and miniaize the 

ash content; (3) an autoclaving with dilute sulfuric acid 

and,after neutralisation of the hydrolysate, clarification 

and concentration. After crystallization a separation froa 

the aother liquor was effected by centrifugatlon. 

Bryaer (4) in 1934 conducted a study on the hydrolysis 

of oat hulls with dilute hydrochloric acid. By systematical­

ly trailing the temperature, and concentration, he obtained 

values for the optint̂  conditions for producing sugars from 

oat hulls. 

Recent papers related to the heaicellulose extractions 

have been published by Yanovsky (31) in 1939, amd by ?11-

brandt, Mather, and Dicks (32) in 1940. Tanovsky's work 

was a study of the course of extMctlon of heaicelluloses 

by both dilute acid and alkaline solutions froa rice hulls, 

peanut shells, and beet pulp. The investigation by ?11-

brandt and co-workers on peanut hulls included oieasureaents 

of the rate of hydrolysis with dilute sulfuric acid of 

varying concentrations at temperatures below 100® G. 

(31) Yanovsky, E. , Ind. Eng. Cheat. , 3̂ , 95 <1939). 
Ibid. , 31. , 1245 (1939). 

(32) Vllbrandt, ?7 C. , Mather, C. B. , and Dicks, R. S. , 
Ibid. , 32, 169 (1940). 
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C. Xylose Fementatlone 

ftest little attention prior to 1920 had been paid to 

the feraent&tion of xyloee is evident froa a surrey of the 

literature. A compilation of relationships between sub­

strates, ox^anisffis, and fermentation products by Pulaer 

and ferkaaa (33) in 1930 lists only five micro-organisms 

which were employed in quantitative studies on xylose 

prior to 1920. In fable I ere listed these organisms along 

with others which have since been shown to ferment xylose 

and for which produets have been isolated from the fermen­

tations. In all eases the names of the organisms are those 

used the authors cited. Since present-day taxonomy will 

consider some of the older terms untenable, the possible 

synoi^ms used by Bergey*s latest manual of determinative 

baeteriolo^ (34) have been included in the table for 

convenience. 

(33) Fulmer, E. I., and Workman, C. H., *An index to the 
chemical action of micro-organisms on the non-
nitrogeiMius organic compounds'*, fhe Williams and 
WillLlaa So., Baltimore. 1930. 

(34) Bergey, &. B., Breed, R. S. , Murray, S. 0. D. , and 
Kitchens, A. P., •Sergey's Manual of Peterminative 
BaGterielogy*, 5th £d., The Williams and Wilkins 
Co., Baltimore. 1939. 



Table I. 

Xylose-fermenting Mlcro-organiima 

Name of organisffi Products formed Reference 

Glootridiuffi acetobutyIleum butanol, ethanol, acetone , 
butyric and acetic acids, 
carbon dioxide, and hydrogen 

Clostridium thenBOsaccharolytlcum butyric , acetic , and lactic 
acids, carbon dioxide and hydrogen 

Bacillus Yulgatua 
* (î illus meeentericus) 

Bacillus acetoethyIleum 
CBaciiius macerans) 

Bacillus herbicola aureum 
(PsiendoiHQnfts trifolii) 

Aerobaclllus polymrxa 
TBaciilus polymyxa) 

Bacillua lactis aerogenes 
(Aeriobacter aerogenes) 

acetone, ethanol, and carbon dioxide 

acetone , ethanol, formic acid 

acetone , ethanol, carbon dioxide 

2 ,5-butylene glycol, ethanol, 
acetylmethylcarblnol» formic, 
acetic, succinic, and lactic acids, 
carbon dioxide, and hydrogen 

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

(35) 

(36) 

(37) 

(38) 

(37) 

(39) 

(40) 

• Where the nauae cited by the author does not coincide with the term used by Ber-
gey, the name proposed is included in parentheses. 



Aerob&oter faenl 
{Xerobaeiar aerogenes) 

Aerobaoter Indologengs 
t̂ erobaoter oioaoae) 

Bacillus paratyphoid 
(Salaonella acfaottmuellerl) 

BacijJ-tta tyi 
(Ebgrthclla trohoaa) 

Friedlander'a pneumobaoilltta 
(Klebsiella pneumoniae) 

Escherichia coll 

Citrobacter ̂ indolicua 
(Esoheriohia freundli) 

Propionibacteriua pentosaceum 

Lactobaolllua oentoaceticus 
(Lactobâ llus 

Lactobacillus pen 
(Lactobaoillua 

brevis, 

tOSUB 
plantarua) 

Acetobacter xylinua 

Table I continued 
formic, acetic , succinic, and (41) 
lactic acids , aoetylmethylcarblnol, 
2 ,3-butylene glycol, ethanol, 
carbon dioxide and l̂ drogen 

formic, acetic, and succinic acids, (42) 
2 ,3-butylene glycol, ethanol, 
aoetylmethylcarblnol, carbon dioxide , 
and hydrogen 

formic, acetic, butyric, lactic, and (40) 
succinic acids, and ethanol 

formic, acetic, butyric, lactic, and (40) 
succinic acids, and ethanol 

acetic, succinic, and lactic (43) 
acids, ethanol 

f onaic , acetic, lactic, and succinic (42) 
acids , ethanol, carbon dioxide , and 
hydrogen* 

formic, acetic, lactic, and succinic (44) 
acids , ethanol, carbon dioxide, and 
hydrogen 

propionic and acetic acids, carbon (45) 
dioxide 

lactic and acetic acids (46) 

lactic and acetic acids (46) 

i 

<o 

acetone , ethanol, and carbon dioxide (37) 



sorbose bacterium 
(Acetobftcter xyllnua) 

Baoterlmn prodlgloeua 
(Serratla aarceaoens) 

Ooeoora No. 208 

Saceharomyoes cerevlglae 

Penicllllua luteua purpurogenim 

Agpergillue flavua 

Asperglllue taaarii 

A8per<tillu8 nlger 

Table I continued 

xyIonic acid (47) 

ascorbic acid (43) 

ethanol, glycerol, and carbon dioxide (49) 

ethanol, carbon dioxide, glyceric (50) 
aldeliyde 

xyIonic acid (51) 

kojlc acid (52) 

kojlc acid (53) 

oxalic acid» citric acid (64) N) 
o 
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D. Fermentation of ̂ ydrolysatea Prepared from Hemlcellulo-

8lc Wastes. 

At least three types of fermentations for utilizing the 

hemicellulose fraction 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 production of lactic and acetic acid, workers 

at the University of Wisconsin studied the fermentation 

by Lactobacillus pentoaceticus of sirups produced from 

hydrolyaed peanut hulls, oat hulls, corncobs, and sawdusts 

of fir, spruce, and pine. In 1921 Peterson and Fred (55) 

obtained 30.9 grams of sugars, principally xylose, by hy­

drolysis of 100 grams of corncobs. The solutions were fer­

mented almost quantitatively to acetic and lactic acids. 

When a 2̂  sugar solution was fermented for two weeks at 

30° C. , there were produced 13.8 grams of lactic and 12.6 

grams of acetic acid. These yields were obtained from a 

total of 30.9 grams of sugar, which was equivalent to 100 

grams of corn cohs. 

In 1923 Fred, Peterson, and Anderson, (37) tried, 

less successfully , the lactic-acetic fermentation with oat 

hulls and peanut hulls. The fermentations were slow and 

(55) Peterson, W. H. , and Fred, E. B. , Ind. Eng. Chem. , 
13, 211 (1921). 
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eTea after thirty days were Incomplete. 

Sugar llquore prepared by extractions of sawdust of 

fir, spruce, and pine using a mild acid hydrolysis, on the 

one hand, and a Berglus treatment, on the other, were fer-

nented by Allgeler, Peterson, and Fred (17) in 1929. A 

coaparison of the ferfflentabilltles of the two types of 

sirups was described. They indicated that ̂  the dilute 

sulfuric acid treataent there could be produced from a ton 

of wood 400 pounds of sugar, of which 340 pounds would be 

fersented to yield 316 pounds of lactic 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 feraented to gi^e 950 pounds of lactic acid and 60 

pounds of acetic acid. 

ffee use of Bacillus acetoethylicaa to convert l^dro-

lyzed heaicelluloses into ethanol and acetone offered sose 

eneourageiient to industrial application. Eaploying this 

organisn, Sorthrop, Ashe, and Morgan (66) developed a 

process for the fermentation of molasses. Peterson, Fred, 

and ?erhulst (57) investigated the fermentation of sirups 

produced from corncob hydrolysates. Approximately 9056 of 

(66) Morthrop, J. M, , Ashe, L. H. , and Morgan, R. H., 
Ind. Sag. Chea. , U» 723 (1919). 

(57) Peterson, W. fi. , Fred, E. B,, and Vertiulst, J. H. , 
Ind. Sng. Shea. , ̂ 3, 757 (1921). 
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the sugars in the aedlum were feraented, ant yields of 

acetone, alcohol, and volatile acids (fomic and acetic) 

were respectively, lg.6» 31.5, and 15.0)6 of the sugars 

fermented. Ilius, from a hundred pounds of cobs there could 

be produced 8,7 pounds of acetone, 6.8 pounds of ethanol, 

and 3.4 pounds of a mixture of formic and acetic acids. 

Fred, Peterson, and Anderson (37) exaiainedthe hydro-

lyzates from oat hulls and peanut hulls as possible sub-

atrstes for B. aoetoethylicua and obtained norsal yields 

of the usual products. After ten days of fenaentation 

acetone 3.9̂ , ethanol 7.2)1, and volatile acids 1. 4% of the 

weight of the oat hulls were obtained. !fce yield of only 

7,6̂  of sugars from peanut hulls ooapared unfavorably with 

the yield from oat hulls. However, froa the stand­

point of the sugars available either raw material was equally 

ferjsentable. 

In India Fatwardhan (58) prepared a rice straw sirup 

which in a ̂  sugar concentration was feraented by B. aceto-

to yield a mixture of acetone and ethanol. 

fhe yield of the mixed solvents amounted to 20*5̂  of the 

sugar consumed. From a host of grasses and straws fhaysen 

(58) Patwardhan, 7. M., J. Indian Chem. Soc.. 
7, 531 (1930). 
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and Salloway (59) prepared sirups which they femaented 

with B. acetoethylicus to give good yields based on the 

sugar available. 

Work in 1933 by Weinstein and Rettger (60) showed 

that the butyl-acetonio fermentation was applicable to 

solutions of sugars from hydrolyzed cottonseed hulls, 

peanut husks, sawdust of several woods, and corncobs. 

The woods included Douglas fir, white pine, maple, birch, 

oak, and chestnut. Fermentations of sugar solutions 

from the hydrolysis of the various natural tissues were 

studied. In a semi-synthetic meditus which contained, in 

addition to the carbohydrate, bo^thft Boao- and ths di-

potassiua photphattt and also 1% peptone, yields of ace­

tone similar 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 fcQrdrolyzate medium 

it was negligible. These investigators showed that by 

the addition of prolamine or prolamine-allled substances 

the butanol production was stimulated to a normal level 

in semi-synthetic media. By supplying zein to solutions 

containing pure stjgars, normal butyl-acetonlc fermenta­

tions were carried out. The addition of zein or corn, 

(59) fhaysen, A. C., and Galloway, L. D. , Ann. APPI. Biol. , 
15, 392 (1928). 

(60) Weinstein, L. , and Rettger, L. F. , J. Bact. , 25, 
201 (1933). 
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which contains E®ln, to the hydrolyaates gave fermenta­

tions with noraal yields. 

After surveying the organisms capable of fenaentlng 

xylose, it was possible to select from among the group 

certain bacteria and molds for a study of their adapta­

bility to fermenting the sugars in oat hull hydrolyzates. 

For the investigation reported in this thesis two species 

of bacteria and two of molds were employed. 

fhe activities of the butyl-acetonic organiso have 

occupied a leading place in the fermentation industries, 

fhe organism belongs to the group of butyric acid-butyl 

alcohol bacteria. Brown (61) reviewed the literature and 

worked out a systematic classification for the group. 

Studies on the fermentation of pure xylose were described 

by Underkofler (35) in 1934. Quymon (62) enaained the 

relation of stxnacture of sugars to the chemism of the 

butyl-acetonlc fermentation. Although the nutrition of 

Clostridium acetobutylioum has been Investigated in some 

detail, the problem remains unfinished. From reports in 

recent years the presence of certain growth factors 

necessary in small concentrations seems indicated. 

(61) Brown, R. W. , Doctoral Dissertation, Iowa State 
College, 1956. 

(62) Quymon, J. F. , Doctoral Dissertation, Iowa State 
College, 1939. 
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Welnsteln and Rettger (60) believed that prolamines or 

prolemine-allled substances were necessary for the pro­

duction of butanol. Reynolds, Coile , and Werkman (63) 

were not able to confirm the report that prolaaine was 

essential for the production of butanol by ̂  aceto-

butylicuBi in glucose aedia. Researches by Weismann 

and Hosenfeld (64) and by workers at the University of 

Wisconsin (65) have emphasized the idea of bacterial 

growth factors and of their effectiveness in very dilute 

solutions. 

Another bacterium chosen for this investigation was 

Aerobaeter aerogenes. Breden (41) showed that members of 

this genus produced 2 ,3-butylene glycol and ethanol in 

good yields from sugars. The culture used by Breden and 

termed Aerobaeter faeni was isolated from hay infusion 

and identified by Burkey (66). The organism which 

Reynolds (42) used for his studies was Aerobaeter in-

dolo<a3Maea. Reynolds investigated the dissimilation of 

(63) Reynolds, H. , Coile, H. D., and Werkman, C. H., Iowa 
State Coll. J. 3ci. . §, 415 (1932). 

(64) Weizmann, 0. , and Rosenfeld, B. , Biochem. J. , 
619 (1937). 

(65) Peterson, W. H. , and co-workera, J. Bact. , 207 
(1934); J. Biol. Ghem. 131. 381 (1939). 

(66) Burkey, L. A., towa State College J. Sci. . 3, 57 
(1928). 
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xylose by Aerobaeter Indologenes and qusntitatlvsly de-

terrained the products formed during the course of the 

feî entatlon. A xylose solution was fermented for 

7 daysj and the main products were 17.1̂ 6 ethanol, 

26.4% E,3-butylene glycol, 33% carbon dioxide based on 

the weight of the sugar fermented. 

Of the fflolds which utilize xylose Aspergillus flavus 

offered some proalse. Employing flavus Corbelllnl 

and {Jregorlnl (67) first reported the production of 

kojic acid from xylose. An laproved nediua to Increase 

the yield of koJlc acid was developed by Barhaa and 

SiBite (52). ê literature pertaining to the produce 

tlon of koJlc acid has been reviewed in detail by Bar-

ham and Sffiits (68). 

Fermentation Penlcillium chrysogenum for the 

production of gluconic acid from glucose» reported by 

Moyer, May, and Herrlcic (69) in 1936, indicated that 

this mold was the most suitable of the molds tested, 

which included also P. citrlnua. P. varlablls . P. 

luteuffi ourpurofacenam, and P. baculatua. The organisa, 

(67) Corbelllnl, A., and Gregorini , B., Qax, chia. Ital. . 
6g, 244 (1930). 

(68) lurha®, H. and Salts, B. L. , trans. Kansae Acad. 
Scl., 57, 91 (1934). 

(69) Moyer, A. J, , May ,0. 1. , and Rerrlck, H. T. Zentr. 
Bftkt. Parasitenk. , 11 Abt., 311 (1936K 
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described by Ralstrlck et al, (70) was isolated fro® 

molded tobacco. Since gluconic acid was produced froa 

glucose by £. chryaogenuat. by analogy it seemed possible 

that this mold might convert xylose to xylonlc acid. 

(70) Raistrick, H., et al. , Phil. Trans. Roy. Soc. London 
220 B, 1 (1931). 
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III METHODS 

Oat hulls were hydrolyaed by autoclavlng with dilute 

aineral adds under specific conditions. Since the details 

of the procedures were modified for the individual ex-

perlaents these procedures will be described in connection 

with the experiaental work. 

The deteralnation of reducing sugars in the fcordroly-

sates was aade by a modification of the Shaffer-Soaogyi 

method (70a), which was developed in this laboratory and 

described by (}uymon (68). The reducing value for pure 

xylose solutions was measured and from this a calibra­

tion curve was prepared. 

For each 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). 



- 31 

IV EXPERIMENTAL RESULTS 

A. Preparation of Hydrolyzates 

1. General aethods. 

The air-oleaned oat hulls used were furnished through 

the kindness of the Quaker Oats Coapany. Ibe concentra­

tions of acids effiployed in preparing the hydrolysates for 

the fementation experiments vere those which had been 

found by preliainary experiments to be optiaum, at the 

temperature used, in order to obtain a concentration of 

about 4 per cent reducing sugars in the hydrolyaates. Al­

though the general procedure has been reoorted before (71) , 

a typical preparation will be described here. 

Into a S-liter Srlenmeyer flask were placed 600 grams 

of air-dried oat hulls and 3600 ml. of, acid. After standing 

for E-4 hours, the flask was heated in an autoclave at 

20 pounds per square inch steam pressure for 60 minutes. 

At the end of the hour the steam was shut off, and com­

pressed air was introduced at the same pressure to pre­

vent the liquid in the flask from boiling over because of 

a too rapid drop in pressure. Bie contents of the flask 

were then cooled below the atmospheric boiling point by 

(71) Onderkofler, L. A. , Pulmer, E. E. , and Rayman, M. M. 
Ind. Eng. Chem. , 1290 (1937). 
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gradually lowering the oressure during the course of 20 

ffiimites and finally, after removal from the autoclave, 

cooled thoroughly in running water. The hydrolyzate was 

separated from the solid oat hull residue by straining 

through cheesecloth supoorted on © Bilchner funnel, and 

then by squeezing the residue dry in a laboratory press. 

The combined liquors were filtered through paper and the 

acid filtrate was neutralized with calcium carbonate. 

To avoid too vigorous frothing and foaming, the calcivm 

carbonate was added cautiously in small portions with 

effective stirring. Adjustment of pH to approximately 

6.0 was usually achieved by the addition of a sodium 

hydroxide solution and the pH measurements were made 

with the aid of a glass electrode. The solution after 

filtration contained aporoximately 4 to 5 per cent 

reducing sugars calculated as xylose. This filtrate was 

ordinarily concentrated JUn vacuo at 50-65° C. to a more 

dense solution from which calcium sulfate could be 

separated out when hot. In order to feraent the car­

bohydrates , the sizntps were diluted to the proper con­

centration, and, after the nutrients had been added, the 

medium was sterilized in the autoclave and was ready for 

inoculation. 

After the work had been in progress for a period of 
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time, attempts were made to improve the aedius by preparing 

the iQTdrolyzates under soaewhat modified conditions, fhe 

work reported by Bryner, Christensen and Fulaer (4) had 

been confined to the use of hydrochloric acid as an 

hydrolytlc agent. Studies with other mineral acids in 

hydrolysis procedures were made to determine the optimum 

conditions for each acid in hydrolyiing oat hulls. 

2. Rate? of hydrolysis of oat hulls with various mineral 

â ids. 

fhe acids selected for comparison with hydrochloric 

acid were as follows; nitric, sulfuric* and phosphoric, 

fhe degree of conversion to sugar was determined for vary­

ing concentrations of the various acids by the following 

method: 

Into 160 ml. Srlenmeyer flasks were introduced 6.00 

grams of oat hulls and 30.0 ml, of the acid. The mixtures 

were autoclaved at 20 pounds Bteam pressure for the chosen 

times and the same type of cooling under air pressure as 

described above was employed, fhe cooled mixtures were 

diluted somewhat with water, filtered, and the residues 

were repeatedly extracted with boiling water, fhe combined 

filtrate and washings were neutralized to phenolphthaleln 
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with aodiuffl hydroxide and diluted to 250 ml, Aliquots 

were taken for sugar analysis and the yields were calcu­

lated as xyloae expressed in grams per 100 grams of air-

dried hulls. Results for these experiments are shown 

in Table II. 



Table II. 

Reducing Sugar Production from Oat Hulls Heated at 80 Lbs. Steaa 
Pressure with Dilute Acids 0«lng a Liquid to Solid Ratio of 6 to 1 

Time Heated 
(min.) 

45 
60 
90 
120 

Reduoing Sugar Yield. < of Hullg 
Kydrochlorto Xoid Nitric AeidSulfurio Acid 

0.0796 N 0.1050 N 0.0766 N 0.153 K 0.196 N 1.986 N 

se.5 
28.5 
30.0 
32.5 

31.6 
32.0 
33.5 
30.5 

26.5 
29.0 
28.5 
32.5 

35.5 
34.5 
34.5 
35.0 

31.0 
32.6 
32.5 
33.0 

32.5 
31.0 
30.5 
26.5 

Time Heated 
(min.) 

Reducing Sugar Yield, of Hulls 
Fbosphoric Acid 

0.092 » 0.184 N 0.372 S 0.747 N 

45 
60 
90 
120 

1.50 
1.76 
2.00 
2.78 

3.16 
4.15 
6.26 
3.50 

9.6 
13.2 
17.5 
21.5 

22.0 
26.0 

30.5 
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Attempts at purification of the hydrolyzates. 

During the course of the experiments on the crude 

hydrolyzatea It was suspected that a factor toxic or In­

hibitory to the orgftnlsffi was oresent. Attemptfi to remove 

thla factor by physleo-chemical methods were considered. 

Methods attempted Involved adsorption, extraction with 

Imralscible solvents, oentrlfugatlon, and fractional pre­

cipitation by control of pH as described below. 

The adsorotlon agents used were norit and diato-

maceous earth. If employed directly on the crude hy-

drolyzate, neither of these was effective either in de­

colorizing the liquors or in removing factors which pre­

vented fermentation from proceeding normally. 

Attempts at control of pH to allow fractional pre­

cipitation of substances in the hydrolyzates were ef­

fective in throwing out insoluble substances, but fer­

mentations did not seem Improved. The use of basic 

lead acetate gave somewhat encouraging results from the 

point of view of producing clear colorless liquors. The 

lead was reinoved with hydrogen sulphide after the guns 

and proteins were precipitated. The hydrogen sulphide 

was then removed by vacuum evaporation to on«-half to 

one-thira the volume. Norit treatment removed color and 
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the slpupe were sterillEed for preparing the aedla. 

Preliminary experiments with certain organic sol-

Tents iamiseible with water indicated that chlorofom 

was capsble of extracting a soluble material from hydrolyzates, 

ethyl ether was slightly less efficient, and petroletiffi 

ether anA benzene were ineffective. Hence * an appara­

tus similar to one described by Wollner and Matchett (7E) 

in 1938 was devised for extraction of the liquor with 

chloroform. The syrup was extracted continuously for 

five days and the dissolved chloroform was removed by 

evaporating the syrup in vacuo to one-half of its volume. 

The individual fermentation experiments in which these 

extracted l̂ drolyzates were used will be described later. 

While standing in the laboratory, the l̂ drolyzates, 

originally almost colorless, often turned dark, passing 

through yellow and red to black. "Hie black color was 

apparently due to particles of colloidal nature which 

were difficult to remove. When the solution was re­

peatedly sent through a Sharpies supercentrifuge at 

21,000 r.p.m. , it became turbid and foemy» However, 

very little solid material was thrown out* It was 

thought that paffhftps the air whipped into the solution 

had caused some oxidation, md that dark-colored 

(72) Wollner, H. JT. , aad Hatchett, J. R. , Ind. Eng. Chem. , 
Anal. Ed. , 31 (1938). 



38 

oxidized pigaentB had been formed. 

If this were so, then oerhaps 1:̂  aerating war® 

solutions of the hydrolyzates the oxidation could be 

speeded up and the materials thereby reooTed, Hence 

experiments were devised in which air was bubbled for 

several hours through the warmed (60® 0.) solutions. 

A very stable foaa was produced which could be readily 

separated fro® the liquid. The foara was skifflaed off 

fro® time to tiae during the aeration, but little ia-

proveaent in the ferroentability was detected. 

B. Î e Butyl-Acetonic Feraentation of Oat 1̂ 11 Hydrolyzates 

1. Methods. 

The culture used was one which had been originally 

Isolated in the laboratories of biophysical chemistry at 

Iowa State College. It w«s handled in the manner usual 

for butyl-acetonlo cultures» as outlined by Onderkofler, 

Ghrlstenaen, and Pulaer (35). After completion of ex­

perimental feraentatlons (3 to 7 days) two 2eO-sX. all-

quote of the beer were measured fro® each flask and dis­

tilled after a little solid calcium carbonate had been 

added to neutralize the acids. In each case 100 ml. 
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of distillate were collected, and the distillates were 

analysed for solvents by the method of Chrlatensen and 

Fulaer (73). Volatile acids were estimated by a combi­

nation of the methods of Knetemann (74) and of Virtanen 

and Pulkki (76), fhe manner of aanipulatlon was the 

Knete®sna fflodification of the Duclaux dlstillatlonj 

the method of calculation of the relative amounts of 

volatile acids was that of Virtanen and Pulkki. 

2. Fementatlon of corn aeal-oat hull l̂ drolyzate mixtures. 

Since corn aash is the most favorable medium for 

development of the butyl-acetone organlsai, the experimen­

tal fermentation media were prepared by mixing oat hull 

faydrolysate with corn mash. Ground yellow corn, In quan­

tities calculated to sake s total carbohydrate content 

equivalent to 6.6 per cent corn mash (on the dry basis) 

when the hydrolysate liquor was added, was mixed with 

tap water In 4-1iter Erlenaeyer flasks and then steamed 

for 45 minutes. The amount of water used In each case 

was sufficient so that when mixed with lî drolyzate 

(73) Christensen, L, M. , and Fulaer, E. I. , Ind. Eng. 
Chea. , Anal. Ed. , 7, 180 (1935). 

(74) Kneteaann, A. , Rec. tray, chla. , 47 , 950 (1928). 
(76) Vlrtsnen, A. I., and Pulkkl, L. , J7 Am. Chea. Soo.« 

3131 (1928). 



- 40 -

the final volume of medium In each experimental flask 

would be about 3000 ml. The flasks were plugged with cot­

ton, capped, and sterllleed at 20 pounds steam pressure 

for 2 hours. After cooling the sterilised mash. It was 

allowed to come to Incubator temperature (37® C.) The 

requisite amounts of sterile hydrolyzate at 37® C. were 

added aseptically to the individual flasks of oorn mash. 

A series of hydrolyzates was prepared by using 

different acids to determine the effect of different 

hydrolysants on the fermentation. The data are presented 

in Tables III and IV. 
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Table III. 

Solvent Tlelds from Acid l̂ drQlyxates 

Cora Meal 
Replaeed 

Per Cent 

t̂al Sol-
Teat field 
Wt. % of car-

Solvent Ratio 
BUOB MEGOO StOH 

0 
10 
go 
30 
40 
50 
60 

0.08 M l̂ droehloric Aeld 
33.4 63 25 
34.4 67 27 
31.0 68 33 
30.0 59 3E 
30.7 66 33 
19.2 57 33 
2.7 

IE 
6 
9 
9 
11 
10 

0 
10 
20 
30 
40 
§0 
60 

0.16 M Sulfuric Acid 
34.0 
34.2 
32.3 
30.7 
23. S» 
30.5 
6.9 

58 
56 
60 
60 
65 
55 
53 

29 
31 
33 
33 
34 
35 
26 

13 
13 
7 
7 
1 
10 
19 

0 
10 
20 
30 
40 
50 

0.08 N Sitrie Aeld 
34.0 
32.4 
32.4 
15.5 
17.0 
4.9 

56 
54 
56 
62 
58 
49 

29 
31 
31 
27 
29 
24 

13 
15 
13 
11 
13 
27 

• Abnormal feraentatioa 
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fhe hydrolyzate prepared with phosphoric acid was 

used in a medium of slightly different oosposition. Since 

the previous series of media were devised to main­

tain a constant carbohydrate level while the protein 

concentration was neglected, in this experiaent it was 

deemed feasible to add definite quantities of corn 

gluten to preserve a constant protein level equivalent 

to that of standaî  corn snaeh. The com gluten was 

added to the ground corn before sterilization. For 

this experiment £-liter Erlenaeyer flasks were used, 

and the final volume of the medixim was about 1500 al. 

The mediuffl was made up in essentially the saioe manner 

as described for the series with hydrolyzates of the 

other acids with the difference noted. Analysis of the 

corn and gluten showed 7.5̂  and 31.2JI, respectively, of 

protein on the wet basis. Since standard corn maah 

contained 7.85 g. of protein in 1500 ml., it was 

necessary to add gluten to replace ground corn, so that 

the total protein was 7,85 g. per flask. 

To determine whether norit was capable of removing 

an inhibiting substance, one half the number of flasks 

contained a medium in which the hydrolyzate had been 

previously treated with norit; the other half, as a con­

trol, contained hydrolyzate which had had no norit treataent. 
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Half of the aoiS solution after hydrolysis was treated 

with 75 g. of norit over night, filtered, neutralized 

with calciuffl carbonate and skiamed after each portion of 

caleiuffi carbonate was added. The pH was adjusted to 4.2 

by the addition of sodiua hydroxide ana again norit (10 g. per 

L.) was added. Although the first norit treatment gave little 

or no deeolorization, the second treatment at pH 4.2 

reaoved practically all the color. The filtrates were 

adjusted to pH 6.5 and sterilized. The other half of 

the acid hydrolyeate was neutralized with calciua car­

bonate , filtered, the pH adjusted with sodiim hydroxide 

to 6.5, and sterilized. The sterile solutions were inocu­

lated and incubated for 5 days at 37® C. 

The data presented indicate that the operations as­

sociated with the norit treatment tend to aake the aediua 

aore fermentable, at least in the higher concentrations 

of liydrolyzate. 

Results of the fermentations are presented in Table 

I?. 

Since experience with similar hydrolyzates had indi­

cated that the solvent ratio was always essentially 

60s30:10, analysis for acetone concentration in the dis­

tillates froaa the fermentations would represent approximately 

of the total solvents. Butanol and ethanol were 
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not directly detersiaed for this aeries in which the 

hardrclyj&ates prepared with phosphoric aeid had been used, 

\mt eaieulatione froa acetone values were used to ex­

press total solvents in the table. 
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Table IV. 

SQl76Qt Yields froa Phosphoric Acid %drolysates 

* fiSfdrolysis with 0.818 K, Phospbario Acid 

Oora Meal Aoetone * Total 
Seplaced Analysis Solvent Yield 

ft. % of Garbo* 
Per Cent g. ligrdrate 

0 6.76 29.8 

"Rî ated with Korit 

20 6.S8 29.7 
50 5.11 22.2 
40 6.10 28.3 
80 8.50 28.8 
60 4.85 25.2 

jiot treated with Horit 

20 6.59 29.8 
30 6.45 29.4 
40 5.99 27.8 
50 1.88 7.44 

15i© nomality of the phosphoric acid solutions was deter-
aiaed by the procedure of Kolthoff and Sandell (76). 
Aa a dibasic acid phosphoric acid half-saturated with 
sodiua chloride can be neutralised with sodium fâ droxide. 
Under these conditions the hydrolysis of Sa2iiPG4 will 
be jpftpress#d and phenolphthalein will indicate the 

- theoretical end point. 
Total solveats calculated on basis of acetone s 30̂  total 

solvents. 

(76) Kolthoff, I. M. and Sandell, E. B. , ••Textbook of <̂ aati-
tative Inorganic Analysis*, tfacaillan, Mew York 
19̂ , p. 533. 
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3. Fermentation of pure xvloae and of hydrolyzates 

of xylan and of oat hulljB. 

A comoarlBon of butyl-acetonic fermentations of pure 

xylose, xylan hydrolyzates, and ost hull hydrolyzates 

was undertaken, fhe media used were as follows; The 

concentrations of sugars employed were between 3.5 and 

5̂  in a volurae of approximately 400 ml. Protein nutrients, 

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

concentration of 2 g. per 100 ml. of medium. The hy-

drolyzete from oat hulls was prepared with sulfuric acid, 

neutralized with calcium carbonate , concentrated vacuo. 

pH adjusted with sodium hydroxide to 7.1, and sterilized. 

Xylan from oat hulls , prepared by the aethod of 

Kurd and Gurrie (77) , was hydrolyzed with dilute sulphuric 

acid. Thus 80 g. xylan end 1800 ml. sulphuric acid (0.38 N) 

were heated to boiling, with continuous stirring, and then 

autoclaved at 20 pounds stesm t>ressure for 20 minutes. 

The filtrate was neutralized with calcium carbonate and 

pH adjusted with sodiuia hydroxide to pH = 7.0. The media 

were inoculated and incubated for 5 days at 37° C. The 

results are shown in Table V, the average values of 

duplicate ferfflentatlons being given in each case. 

(77) Hurd, C. D. , and Currie, N. R. , J. Ĵ . Chem. Soc. , 
1521 (1933). 
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fable V. 

Comparison of Solvent Yields from Pure Xylose, 
Xylan Ê drolyzates, sud Oat Hull î ydrolyKates. 

Total Solvent Yield Solvent Ratio 
Wt. % of Carbohydrate BuOH EtOH 

xylose corn gluten 31.2 52.4 29.6 18.0 

3eyloae->8oybean meal 27.7 69.6 26.3 14.2 

xylan hydrolysate-
corn gluten 

33.1 66.0 33.2 11.0 

xylan hydrolyzate-
soybean meal 

30.4 54.3 33.0 12.6 

oat hull hydrolyzate-
cora gluten 

7.2 65.8 25.7 8.5 

oat hull hydrolyzate-
soybean aeal 

10.6 62.4 29.0 8.7 

com mash control 34.0 56.9 25.0 19.1 
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ffee data presented In Table V show that the culture 

is capable of converting pure xylose, or xylose obtained 

by hydrolysing xylan isolated from oat hulls, into the 

normal products of fermentation. When either com gluten 

or soybean meal were used as the source of the nitrogen 

nutrient, about the same yields of solvents were obtained. 

Although the oat hull bydrolysates fermented poorly the data 

Indicate that soybean meal gave somewhat better results 

than did corn gluten. 

4. Butyl-acetonio fermentation of a phosphoric acid hv-

drolyzate of oat hulls. 

A medium of phosphoric acid hydrolyzate supplemented 

by varying quantities of corn gluten was prepared for 

fermentation. Of the hydrolyzate 300 ml. per flask of 

sugars was mixed with corn gluten in concentrations of 

1.5, 2.0, and 2.6% of the medium. The medium was steri­

lised in 500 ml. Srlenmeyer flasks for 10 minutes at 10 

pounds steam pressure and then cooled under air pressure 

for 30 minutes. After inoculation the cultures were incu­

bated for five days and the beers were distilled. The 

acetone yield was negligible; however, the titratable 

acidity was remarkably high. Data are presented in 

Table ¥1. 



Table VI, 

Butyl-acetonlc feraentatlon of Phosphoric Acid %droly2ate 

Qluten, 

g. AOO al. 

Aoldity , 
ml. 0.10 N 

per 10 al. Beer 

Acetone Yield, 
g./lOO g. 

Carbohydrate 

Total 

Solvents * 

l.B 21.1 
2.0 18.3 
2.5 18.4 
Com Mash Control 3.3 

3.2 
2.2 
2.5 
13.62 

10.67 
7.3 
6.3 
45.4 

* Total solvents calculated fro» acetone yield, assiaalng 
acetone » 50̂  
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Acidity pealcB in noraal butyl-acetonic fermentations rarely 

rise above 7 ml. of 0.1 N. sadlum hydroxide per 10 ml, of 

culture. In these fermentations of the phosphoric acid 

hydrolyzate the titrstable acidity values were practically 

triple those of a normal feraentation. Hence , after the 

neutral solvents had been distilled , one of the abnormal 

beers was acidified with phosphoric acid and steam distilled 

until twice the original volume had been collected In the 

distillate. From this solution volatile acids were estimated 

by a modified Duclaux distillation. It was found that 0.955 g. 

of acetic acid and 0.945 g. of butyric acid were present. 

These values would mean a yield of 7.96J6 acetic acid and 

7,89̂  butyric acid, based on the original 18.0 g. of xylose 

present. From the fact that the active fermentation 

lasted only a few hours it is suspected that very little 

sugar had actually been utilized; unfortunately no analysis 

for residual sugar was aisde. The possible significance of 

the high acid production •vill be discussed later in this 

paper, 

Effect of possible inhibiting factors. 

Tonicity of furfural. Since hot acids can con­

vert xylo«ie into furfural , and since certain furanolds are 

known to be toxic , it was decided to determine the toxicity 
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of furfural to Rcetobutyllcum In the organism's most 

favorable siedium, corn mash. Furfural was doubly distilled 

In vacuo. The precautions suggested by Adaias and Voorhees 

(78) were followed. Corn aash prepared auad sterilized 

in the usual manner, served as the substrate, and vailing 

concentrations of furfural in sterile water were added to 

the media before inoculation. The results are presented 

in Table VII, Froa the data it is apperent that furfural 

is not toxic in concentrations of 0,1|£ or lees. There was 

no fernentation in solutions containing 1.09Ĵ  or more. 

(78) Maffls, R. and Voorhees , V., "Organic Syntheses*, 
Coll. ?ol, I, p. 274. New York J, Wiley and 
Sons , 1932. 
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Table ?II. 

Toxicity of Furfural to CI. aoetobutylicim 

Growing in Corn Ifash 

Purfuml VLezGO per •Total SolTent Yield 
Qe. per 100 al. aedlim Flaak Wt. % ot Carbohydrate 

s.o Ho Feraentation 0 

1.0 Ko Fermentation 0 

0.1 11.61 S5.4 

0.01 10.30 22.8 

0. * com aash 11.46 25.3 
control 

• Total solvents calculated atsuniBg 30̂  ̂acetone. 
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of ohlorofora extraction of hydrolysatee oa 

feî entatlop. It was considered possible that the toxic 

factor present in oat hull hydrolysatee might be removed 

by extraction with imnisclble solvents. Preliminary experi­

ments Indicated that chloroform extracted soae substance 

fro® the aqueous solution. Fermentetion experiaente using 

î drolyzates which had been subjected to prolonged chloro­

form extraction in parallel with unextracted material 

indicated little significant change in fermentability. 

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

Sffeot of CHGlg Extraction on Fermentability of 

Oat Hull Hydrolygates 

Solvent Yield, Solvent 
Wt. of Carbohydrate Eatlo 

corn control 31.2 

oat hull l̂ drolysate- 8,9 
unextracted 

oat hull l̂ drolyeate- 3.6 
extracted 

BuQH EtOH 

57.0 26.E 17.8 

52.9 28.9 18.2 

62.0 28.8 9.6 
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C. fhe 8,3-Butyleiie dlycol Penaentation of Oat Hull 

The organism employed, Aerobacter aerogenes. was 

obtained from the Aaerican Type Culture Collection end 

designated by the® as Ho, 211, Stock cultures were 

carried on glycerol-yeast extract agar. The aediuffl used 

for the feraentation experiments was siaiilar to that re­

ported by lendall (79) as optiaua for sucrose. Expressed 

in grams per liter, the medium contained the following; 

3.0 

C a C l g  — — — — — — — — — — — — — — — — — — —  0 , 1  
Xylose (pure or its equivalent fro® oat 

hull sirup) -------- -60.0 

After the addition of 0.8 H sulfuric acid to pH » 6.E6, 

the solutions were sterllieed at 10 pounds steaa pressure for 

30 fflinutes. The sedia were inoculated with a suspension of 

the organisms in sterile water and incubated at 37® C. 

Samples were withdrawn at 24 hour intervals for sugar 

analysis and the course of the fenaentation was followed 

by thus determining the consumption of carbohydrate. 

(79) Kendall» A, R,, Doctoral Dissertation, Iowa State 

Hydrolyzates 

1,75 
1.75 

College, 1934 
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The pH wee readjusted to 6,25 by the addition of requisite 

affiounts of sterile sodium csrbone.te solution (1 1) daily. 

In the flaskfl containing oat hull hydrolyzates, the 

organisaa did not grow. On the other hand , the pure 

xylose solutions feraented readily and gassed vigorously; 

after 13,5 days the sugar had disappeared coapletely. The 

cultures on pure xylose aedium were each treated with 

3 ffil. of a saturated solution of sodiua hydroxide, and the 

gummy precipitates were filtered off. The solutions were 

then acidified with sulfuric acid, evaporated to 150 al. , 

and filtered. After the solutions had been made alkaline 

with sodiua hydroxide and saturated with 40. g. of anhy­

drous potassium carbonate, they were continuously extracted 

with ether for 94 hours. The ether extract in each case 

was dried with anhydrous sodiua sulfate overnight, and the 

filtrate was evaporated to 10 ml. before being transferred 

to a weighing bottle, ^e solvent was evaporated and the 

residual 2 ,3-butylene glycol was dried to a constant 

weight in a vacuum desiccator over sulfuric acid, fro® the 

weights found, it was calculated that 2,3-butylene glycol 

was produced in yields equivalent to 18.4 and 12.6 per cent 

of the weight of the xylose in the two Individual xylose 

femaentations. In Table IX is shown the course of the 

Aerobacter aerogenes feraentation of xylose solutions. 



Table IX 

The Course of the Fewaentatlon of Xylose by Aerob&eter fiSE2SffiBS&* 

Flask 1 Flask 2 

Time pH HagCOs Xyloee pH HagGO* Xylose 
before ml. added before ml. added 

days adjuetment to pH 6.985 mg./»l. adjustment to pR 6.25 a^,/aCL. 

0 6.25 0 4.8,^? 
4.48 3 4,2 3.0 
4.8,^? 
4.48 

4 i.3 1.0 3.80 
B 6.2 1.5 2.55 
6 6.3 2.0 
7 5.25 2.0 1.28 
S 8.5 1.5 0.85 
9 5.4 2.0 0.56 
10 5.7 1.2 0.33 
11 6.05 0.18 
12 6.0 1.0 0.11 
14 6.5 0.03 

6.25 0 4.80 
4.3 2.0 4.55 
5.1 1.0 ...... 
5.15 1.5 3.23 
5.35 2.0 
5.2 2.0 1.79 
5.6 1.5 1.20 
5.5 2.0 0.86 
5.6 2.0 0.55 
5.9 0.30 
5.9 1.0 0.20 
6.3 0.09 
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D, lojlc Acid Permentatlonfl 

culture used was Aspergillus flavus obtained 

from Dr. Charles Thorn and designated Xxy hi® as No. 3538. 

Stock cultures were maintained on glycerol-yeast ex­

tract agar. Conditions optiaua for good yields of 

kojic acid from xylose have been developed by Barhaa 

and Smits (58). A sedium similar to theirs was chosen 

for Ito^ic acid production from oat hull l^drolysates. 

Analysis of the cultures for kojic acid was under­

taken by two methods. For xylose solutions the copper 

precipitation method of Barhaa (80) gave good results. 

Oat hull hydrolyjfate cultures seemed not to be as well 

adapted to this procedure, since copper acetate causes 

the precioitation of a small amount of substance from 

the hydrolyzate. Hence continuous extraction of the 

fermented cultures with ether was used, and the kojic 

acid 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 boiling acetone. 

A preliminary experiment was designed to determine 

whether an acid or a neutral medium was better for 

(80) Barham, H. M. , Ind. Eng. Chem. , Anal. Ed. , 
11, 31 (19391^ 
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kojlc acid production from oet hull hydrolyzates. As 

controls media containing pure xylose were placed under 

the same conditions. 

Two conditions were chosen: pH of 3.5, which lar-

ham and Salts reported as suitable, and pH of 7,0 obtained 

by addition of an excess of calcium carbonate. In the 

medium containing pure xylose at pH 3.5 the mold grew 

well; at pH 7 growth was not so rapid, but sporulation 

appeared earlier than at pH 3.5. For oat hull sirups 

the mold did not grow in the acid solutions but grew 

well In the medium containing calciu® carbonate. After 

the cultures had been incubated for frora 15 to 24 days, 

the contents of the culture flasks were heated to boiling 

and filtered hot through cheese cloth. The mate of mold 

H^celium were extracted with boiling water, and the com-

blned solutions were filtered through filter paper and 

allowed to evaporate slowly at 60® C. in the air. The 

residues were redlssolved in water and made up to 100 ml, 

for analysis. For the medium containing pure xylose, 

the yield of kojlc acid by the copper kojate precipita­

tion method calculated to be 18.76 g. kojlc acid from 

100 g. of xylose. Isolation of ko.jic acid by ether 

extraction from the media containing oat hull sirup 

did not give good yields of the crystals. The 
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solutions gave however, a positive ferric chloride teat. 

Ilie ferric chloride color test Is said to detect 1 part 

of kojlc acid In 250,000 (67), Pooling of the solutions 

produced enough crystalline kojlo acid to Identify 

satisfactorily by the melting point (152*^). 

The oat hull hydrolysis was conducted in the usual 

manner with sulfuric acid. The hydrolyeate wss neutralised 

with powdered calcium oxide while a stream of air was 

being bubbled through the solution. As the foaa rose to 

the surface, it was repeatedly skloaed off. Basic lead 

acetate powder was added and the precipitate of proteins 

and gums was filtered off. Addition of norit removed 

almost completely the color from the solution. The lead 

was precipitated from the hot solution with hydrogen sulfide, 

and the fegrdrogen sulfide gas was removed by evaporating 

the solution JUi vacuo at 60° 0. to one-third of the 

original volume. The clear, oele yellow solution showed 

a blue-green fluorescence when examined under ultraviolet 

light. Itoe final pH of the sirup was 5.2. On standing 

for only a few hours, the mixture became dark and turbid. 

This sirup was used for fermentation experiments with 

Aspergillus flavus and also with Peoclllium chrvsogenum. 

5^e medium employed for Aspergillus flavus had the 

following composition. The values are expressed in grams 
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per liter. 

NH^HOg - -

KHgP04 - -

«gS04.7Hg0 

1.00 

0.500 

0.625 

Xylose (equivalent from oat 
hull sirup) 128 .0 

Of this medium 500 ml. was introduced into a 3-

liter Ferribach flask. The aediunt was sterilised at 

10 pounds Bteaa pressure for 20 minutes, and inoculated 

with a suspension of 5-day old spores. Ko growth ap­

peared after two weeks of incubation at 30® C. Then 

20 grass of sterile calciuia carbonate were added to the 

medium. In two days mold growth was easily visible. 

After three weeks of Incubation subsequent to the intro­

duction of calciuai carbonate, the solution was acidified 

with ligrdrochlorlc acid and then decanted from the heavy 

tough aycelial aat. The mat was repeatedly extracted 

with boiling water, and the filtrate and washings were 

combined and neutralised with sodiua hydroxide. The 

solution was aade up to 1 liter in a volumetric flask 

and an aliquot withdrawn for residual sugar analysis. 

The re»alnder of the solution was evaporated to a thin 

sirup and was continuously extracted with ether for a 
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week. The ether extract was warmed, and the residue 

remaining after the solvent evaporated furnished 1,7 

grams of crude kojic acid. The crude product was re-

crystallized from hot acetone to give a product melting 

at 161-2® C, with sublimation. This is in good agreement 

with the values recorded in the literature (68). 

E., XyIonic Acid Fermentations 

In these experiments a culture of Penicllliim 

chrysogenuffl obtained from Dr. Charles Thom and desig­

nated by him as Mo. 6304.11 was employed. The stock 

cultures were maintained on a glycerol-yeast extract 

agar. The medium similar to that reported (69) as 

optimum for glucose fenaentstion was employed for the 

fermentation experiments with xylose. It was recently 

reported (April 1940) at the Cincinnati meeting of the 

American Chemical Society that boric acid was of value 

in the medium. Hence this substance was also Included. 

The method of analysis of these cultures was suggested 

in a private communication by Dr. Nandor Porges of the 

Agricultural By-Products Laboratory, U.S.D.A. , at Ames, 

and will be described below. 

In a preliminary experiment devised to determine 

whether an acid or a neutral medium was better for 
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producing xyIonic acid from oat hull hydrolyzate , media 

containing pure xylose as controls were olaced under 

parallel conditions. The same conditions which were 

chosen for the preliminary experiraents with Aaperglllus 

flavug were adopted with Penicilliuffl chrysogenua. a pH 

of 3.5 for one series and a pH of 7.0 obtained by the 

addition of an excess of powdered calcium carbonate for 

the other series. It should be mentioned that the medium 

for the preliminary experiments did not contain boric 

acid. It differed from the medium used with Aspergillus 

flavue in that ferric chloride was included In a concen­

tration of 20 mg. per liter. The growth of mycelium was 

good on xylose for both acid and neutral media; for the 

media containing oat hull hydrolyzate growth was obtained 

only on those containing calciuns carbonate and that growth 

was much slower in starting than was the case with xylose 

media. Heavy mycelial mats were obtained, however, in 

15 days. 

The preliminary experiments were conducted with 50 ml. 

media contained in 125 ml. Erlenmeyer flasks. For the 

experiment now to be described a larger volume of medium 

was feiHBented and the experiment was performed with the 

cultures under conditions of aeration. The apparatus 

employed for the aeration experiment consisted of a 



- 64 -

2-llter round-bottomed flask Inverted and fitted with a 

rubber stopper bearing a porous bacterial filter and 

two acceesory tubes. The details of the apparatus are 

aho'^/n in Figure 1. The raediua for each flssk had a 

volume of 500 ml, and was sterilized at 10 pounds steam 

pressure for 80 minutes. The aerator unit was sterlliaed 

separately and after inoculation of the medium the assembly 

*fas fittdd in place. It was securely wired to the neck 

of the flask in order to withstand the air pressure to 

which the apparatus was subjected. 

The oat hull sirup employed for this experiment was 

a portion of the seme solution whose preparation was 

described in conjunction with the kojlc acid fermentation. 

The composition of the medium expressed in grams per 

liter, was as follows: 

NaNOj 3,0 

KHgI>04 0.300 

MgSG4,7 HgO 0.250 

Feci 3 0.100 

Boric acid- --------------- 0.250 

CaCO^ 40.0 

Xylose (pure or its equivalent from 
oat hull sirup) ------ -200,0 
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2 - li+er rou-nd" 
bo++om flask. 

Bacterial filter 
' /(porous) 

co++on pJug 
on exViaust 
tube Screw clamp 

on Sampler tube 

Cotton swob 
0.2% HgClg 
antiseptic 

Gompnessed 
air 

FIG.  1  

Apparatus for Aeration of Penlcllllum Cultures. 
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Immediately after the medium had been Inoculated, the aera­

tion was begun. Sugar analyses were made during the 

course of the fermentation. After a few days the sub­

merged mycelial growth became dense , especially around 

the walls of the porous filter. In fact, the growth 

was so heavy that the pores of the filter became filled 

and it was necessary to markedly increase the air pressure 

in order to maintain a continuous stream of tiny bubbles 

of air through the medium. The air was not humidified, 

and, consequently, there was considerable evaporation and 

a corresponding concentration of the sugar solution. 

It was hoped at the initiation of the experiment that 

the fermentation would be complete in perhaps four or 

five days, and the evaporation in that short time would 

have been negligible. However, it ^as found that sugar 

utilleation did not warrant a discontinuation of the 

aeration at 30° C. until 15 days had elapsed. Then, the 

solutions were heated to boiling, the mycelia were 

filtered off through cheese cloth, and the excess calcium 

carbonate was removed by filtering through filter paper. 

The insoluble matter was thoroughly washed with hot water, 

the filtrate and washings were combined, acidified 

with sulfuric acid, and concentrated in vacuo at 60° C. 

The concentrated filtrate from each culture was then 
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ffisde UD to 500 ml. In a volumetric flask. An aliquot 

wag removed for sugar analysis and another sample jyaa 

taken for the determination of soluble calcium. The 

remainder of the solution (390 rail.) was evaporated on 

a hot plate until the appearance of a white gumn^ pre­

cipitate became noticeable. The mixture was then re­

frigerated for two hours and 725 ml. of ice-cold methanol 

was added in a fine stream with stirring. The white 

gummy precipitate settled out, and the mixture was 

refrigerated for 20 hours before filtering. The pre­

cipitate was washed with two successive portions of 

methanol and then sucked dry on the filter. The weight 

of the material was 3,5 grams. Evidence for the formation 

of xylonlc acid from xylose by Penlcilliuffl chrysoigenum 

was secured by identifying the compound. The bruclnc 

derivative, prepared according to the method of Neuberg 

(81), corresponded to that for xylonlc acid. The deriva­

tive melted at 170-2®C. Neuberg's preparation melted at 

17g-4°G. 

For the soluble calcium determination, allquots were 

taken for analysis. After the organic matter was destroyed 

by heating the saraoles with concentrated sulfuric acid 

for four hours and alternately coolir^ before adding 

(81) Meuberg, C. , Ber, , 36, 1473 (1902), 
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concentrated nitric acid and reheating until colorless 

solutions were obtained, the calciuis was precipitated as 

the oxalate. The precipitate was redlssolved and re-

preclpiteted and the oxalate estimated voliunetrically with 

standard potassiuHj permanganate. From the weight of the 

calcluffi present In the filtrate, it was calculated that 

the medium containing pure xylose produced 12.4 grams 

of xyIonic acid; the hydrolyzate medium contained 14,3 

grams of xylfitnic >?cid. From the difference between initial 

and final sugar determinations it was computed that 48.0 

grams of sugar disappeared from the xylose medium, while 

only 27.0 grams of xylose disappeared from the oat hull 

siruD mediua. The apoarent yield based on the sugar 

consumed is 25.8 % for the xylose medium and 52.9 % for 

the hydrolyzate medium. However, It will be noticed 

that while there were formed practically equal amounts 

of soluble calcium, nevertheless there was consumed only 

half as much xylose in the oat hull sirup as in the 

medium containing crystallized xylose. It may be that 

the criterion of dissolved calcium is not a good measure, 

under these conditions , of calcium xylonate , at least 

from the hydrolyzate. 
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? DISCUSSION 

fhe nutrition of certain 5cyloae-f«raenting bacteria 

and aoXds Is reasonably well-foramlated. The conditions 

necessary for the growth of the orgenlsas and the dissimi­

lation of carbohydrates have been reported by many workers 

in the field. The aicro-organisms chosen for this work were 

ones for which an environment had been developed and the 

composition of an adequate medium had been deteirmined. 

The fermentation of xylose by the butyl-acetonic 

oi^anlsm was of the normal type reported by Underkofler 

(35). The usual solvents, butanol, acetone, and ethanol, 

were obtained in good yields; the sugar was utilized com­

pletely, Again, for the Aerobacter aerogenes feraentation 

a complete conversion of the sugar was obtained and the 

custoaary 2,3-butylene glycol was formed in amounts similar 

to the reports by Breden et. al. (41). The fungus.Aspergillus 

flavus. was capable of transforming pure xylose into kojic 

acid. Yields were similar to those found by Barhaa and 

Steits (52). The fermentation of xylose by Penicillium chry-

sogenum and the isolation of xylonic acid from the fermented 

cultures is reported for the first time. 

However, with crude xylose sirups prepared from acid-

hydrolyzed oat hulls, the conditions for microbiological 
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growth and for fermentation were not attained to the same 

degree of proficiency. The butyl-acetonic fermentation was 

of norras»l type in media containing o^t 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 yield of products was almost always very 

poor. In the case of the Aerobacter eerogenes experiment 

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

drolyzate medium. The extent to which Aeoergillus flavus 

transfomed crude xylose into kojic acid was sufficient to 

Isolate the product and to identify it, but the relative 

amount of final product was small Indeed. In the work 

described 'with the Penicillium chr.vsogenum cultures on oat 

hull siruo medluiB the consumption of sugar was only half 

that of the pure xylose control, 

fhe sajme nutrients were added to media containing pure 

xylose and oat hull hydrolyzate, and since fenaentation 

occurred in the foraer but not in the latter solution, it is 

not reasonable to expect that nutrients were lacking in the 

crude xylose medium. The fault of poor fermentation cannot 

be attributed to the omission of essential substances but 

ought to be associated with the inclusion of some inhibitory 

substance or substances present in oat hull sirups. These 

crude sugar solutions may not produce normal fermentations 
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beo&ufie of one of the following reasonej 

(a). The concentration of essential or accessoi^ 

Inorganic nutrients may be too great for fermentation; or 

(b). Oat hall hydrolyeates may contain an organic 

substance or a sixture of organic substances which is 

toxic to the fflicro-orgsniame. It is almost certain that 

some compound or compounds are present in the crude 

sirups froffi oat hulls which prevent fermentations from 

following the nomal pathv/ays. 

If the toxic factor were an inorganic ion present in 

the hydrolyzate, its identity could be established by an 

experiment in which oat hulls were ashed and the ash in­

cluded in a favorable aedium in varying concentrations. 

2f a normal feraentation could be Inhibited by the addition 

of the inorganic aaterial, it would be fairly easy to 

establish which fraction of the ash was resoonsible for 

the toxic properties. If, on the other hand, the ash could 

be added to a aedium without inpeding the fermentation, 

then clearly , the inhibiting factor could not be inorganic. 

1%ie presence in the hydrolyzate of an organic aaterial, 

rather thsji an inorganic substance, toxic to the micro­

organisms tested is, in the author's opinion, the more 

probable supposition. Compounds present in saall quantities 

in plant tissues usually escape detection in the ordinary 
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aethodle of analysis of celluloaic aaterlals. 

empirical procedures employed by the analytical 

chemist often lusp together certain materials which mey 

have a single , cosmon property , for exanple, insolubility 

in a definite reagent. A case in point is llgnln. Em­

ploying one method of analysis wherein an organic sub­

stance is first treated with cold 72% sulfuric acid or 

cold coaeentrated hydrochloric acid and then the dilated 

solution is boiled, there results an insoluble residue; 

this product «ay be termed "llgnln". On the other hand, 

the theae of fillpert (82) has been that all ^llgnln* 

found by the above method of analysis Is not true lignin 

froffl the plant tissue, but is, instead, an insoluble resin 

foraed from the sugars present under the conditions of the 

analysis. In Hilpert's work the pure pentose sugars were 

subjected to the conditions of a lignin analysis and a black 

condensation product was produced which, if it were found 

in an ajialysls of vegetable tissue, would have been Included 

In the category of "lignin". It Is not to be IsDlied here 

that lignin does not exist in olant aaterials in some for®, 

but merely, that estimation by the use of the cold concentrated 

acid aiethod may give results which may be misinterpreted. 

(62) Hilpert, B. S. , and Lltmann, S. , Ber. , 67B. 15S1 
(1934); 

Hilpert, R. S. , and Meybier, H. , Ber. , 71B. 1968 
(1938). 
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So also the ether-soluble materiel may not only be fats 

and oils but also steroids, saponins, etc. In the usual 

analysis of a vegetable tissue there are found cellulose, 

llgnln, hemlcellulose, ash, ffiolsture, and fat; the sua of 

these values commonly approaches 10<^. The point which 

Is to be efflphaslzed here Is that In complex tissues there 

are many other substances present Tiyhlch have escaped the 

attention of workers. 

Possible toxic aaterlals which might have been present 

and thus have li^lblted the fermentations of this investi­

gation include; furfural or related products with the 

furan structure, lignins or tannins, saponin-llke sab-

stances, and complex nitrogenous substances. 

Furfural, itself, has long been known for its bacterid 

dal and fungicidal properties. It is usually produced by 

a del^ydration of pentoses. The chief coaaercial source ot 

furfural is oat hulls, which are treated at suitable 

temperatures with strong mineral acid; the furfural la 

steaa-distilled from the mixture, Onder mild hydrolytic 

conditions only small amounts of furfural are formed in 

the solution. The compound is quite reactive, however, 

and commonly tends to condense with other substances 

to for® furanoid resins at moderately elevated tempera­

tures. In oat hull sirups it is to be expected that 
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lignin and furfural react to form condensation products. 

After sterlllaation of the hydrolyzate solutions in the 

autoclave it was found that there was always considerable 

darkening of the color, and ordinarily the precipitation of 

some stffiorphous, insoluble matter. Although a saall part 

of the darkening may have been due to a slight caraaelizing 

of the sugars, nevertheless the greater part resulted from 

some other constituents In the oat hull hydrolysates. 

llie possibility that lignin may be the substance 

responsible for the failure of the fermentation of these 

oat hull Juices must not be overlooked. Lignin is known 

to be inhibitory to'fard certain fermentations. Olson, 

Peterson, and Sherrard (83) showed that lignln-contalning 

material such as ground ^jfood oulp was not readily fer­

mented by enrichment cultures of thermophilic cellulose-

feraenting organleas, an<3 that the non-fermentebllity 

of the wood was associated with Its lignin content. By 

submitting the woods to a nitric acid treatment first 

and then to an alkaline cooking, they were able to reduce 

the lignin content below i^. If lignin were less than 

IjS, these investigators could obtain good ferfflentetiona. 

While lignin is reported to be Insoluble in dilute acid 

solutions , nevertheless certain small aaiounts are acid-

soluble end could be oresent in oat hull hydrolyzates. 

(83) Olson, F. R. , Peterson, W. H. , and Sherrard, E. C. , 
Ind. Chem. , 29, 1026 (1937). 
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In fact, Bryner showed that the analysis of oat hulls before 

and after hydrolysis Indicated about 4.5^ of the llgnln 

had disappeared from the residue after hydrolysis. Part 

of this llgnln loss may be accounted for as soluble 

llgnin in the hydrolyzate. 

Related to llgnlns are the tannins. These latter 

substances are quite soluble and may be able to exert 

their inhibiting influence to a greater degree as a 

result of this property. Rokusho (84) showed that tannin, 

extracted with hot water from kaoliang, was toxic in 

the butyl-acetonic fermentation of kaoliang. By extraction 

of the bran with dilute sodium hydroxide at 50® C. he obtained 

a red coloring matter which also retarded the fermentation. 

Schmidt, Atterer, and ^lialer (88) Indicated that the humic 

substances which were produced during the acid l^drolysis of 

hemieelluloses were toxic in fermentation experiments. However 

they reported that if a chlorine dioxide treatment were pro­

vided, the humic matter was remoyed and the hexose fermen­

tations with yeast were normal. It appears likely that 

either aqueous chlorine dioxide, or some similar oxidising 

agent destroys the toxicity of lignin-like substances. 

The nitric acid treatment of the woods reported 

(84) Rokusho , B. , J. Agr. Chem. Soc., Japan. ̂ 0, 1211 
(1934) JjS: A. , 2f7T57S( 1935)1/ 

(85) Schmidt, E. , Atterer, M., and Thaler, H., Cellulose 
chea. , iO, 153 (1929). 
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by Olson, 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

lized with calcium carbonste , very stable foass are pro­

duced. The appearance of these froths suggested the pos­

sibility of the presence of saponins. These compounds 

are widely distributed among the higher members of the 

plant kingdom. One of the outstending properties of the 

saponin class of compounds is the ready formation of foeuis 

in water solutions and stabilisation of emulsions of fate 

and oils. Physiologically, they are capable in very low 

concentrations of heBolysilng erythrocytes. If saponins 

can lyse red blood cells, it does not seem too difficult 

to conceive of their lysing bacterial cells. Their toxic 

action has been attributed to their ability to extract 

cholesterol from the walls of the erythrocytes. Bryner's 

(4) analysis of oat hulls showed 2% ether extract which could have 

Included, besides the oil and fats, also saponins if present, 

fhe fact that bgrdrolyaates after prolonged chlorofora extrac­

tion did not ferment any better than unextracted sirups 

does not encourage the postulatlon that saponins are the 

toxic agent. On the other hand, Gill (86) also suggests 

that saponins or compounds related to theffl produce conditions 

(86) am, A. , J.Soc.Ohea.Ind. , 38, 411T (1919). 
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unfavorable for the butyl-aoetonic fermentation. The last-

named investigator studied this fermentation using horse 

chestnuts as a substrate. By extracting the nuts with 

but&nol previous to fermentation he presented evidence 

that horse chestnuts could be fermented almost as well 

as com mash. In his experiments the total solvent 

{butanol and acetone) yield was 24^ from corn aash, while 

it was 1b% from horse chestnuts. Gill recommended that 

the sterlllEatlon of the medium be performed at low 

temperatures (10 pounds stesm pressure) and for only a 

brief period of time (1 hour) in order to extract only 

small amounts of tannin which he recognized as toxic to 

the organism. 

Another type of substance to which the toxic behavior 

might be attributed is a comolex nitrogenous substance. 

Only small bits of experimental evidence are submitted for 

its existence in oat hull sirups. First, when acid 

solutions of the hydrolystates are made slightly alkaline 

with sodium hydroxide, there is liberated a fishy odor 

not unlike that of methyl amine or one of its homologues. 

Second, when organic matter is destroyed by digesting the 

solutions with boiling concentrated sulfuric acid, prolonged 

severe treatment is necessary. For the calcium analysis 

after the xylonlc acl3 fermentation had terminated, the 
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destpiictlon of organic matter required over 8 hours of boil­

ing with concentrated sulfuric sold with ocoasionol ad­

ditions of concentrated nitric acid until the solutions 

became colorless. Certain of the heterocyclic nitrogen 

compounds are notorious for their resistance to degra­

dation treatment of this type. Substances such as 

pyridine or histidine are decomposed by boiling sulfuric 

acid with great difficulty. 

Until oat hull hydrolyzates are carefully analyzed 

and the individual constituents Isoleted and identified, 

it lylll be fruitless to definitely attribute the toxic 

factor to any one substance. It seems very likely that 

more then one toxic fr<ctor is present; hence to oroduce 

a fernientable elrup it msy be necepsary to resort to 

several treatments in order to remove the sgents of inhi­

bition. 

Possible suggestions toward solving the problea of 

poor fermentBtion of the hydrolyy.ate include the following. 

fo prevent furanoids from forming or condensing, sterili­

zation by heat should be avoided. The use of a bacterial 

filter would produce a sterile meditJim in which the formation 

of reaina resulting from the heat treatment will have been 

prevented. It h.-^s been shown by Gill (8S) that saponins 

laay be removed by a solvent extraction. Hence, either the 
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hulls before hydrolysis or the hydrolyzatee after concen­

tration of the sirups could be extracted with solvents 

such as butanol, for example. Work along these lines Is 

at the present time being conducted by other investigators 

in these laboratories. 

The anomalous behavior of the butyl-acetonlc fermenta­

tion of phosphoric acid hydrolyzates has perhaps some sig­

nificance from the point of view of cellular metaboliso, 

it is known that butyric and butyllc bacteria both pro­

duce butyric acid from carbohydrate suoplled to them; the 

butyric bacteria carry the reaction no further, but the 

butyllc organisms reduce the butyric acid to butanol. If 

asparaglne is provided in the rBediuro for the butyric acid 

bacteria, they too can convert butyric acid into butanol 

(60), (87). Perhaps, since butyric bacteria have poor 

proteolytic powers, they cannot supply themselves with 

asparaglne from the protein of the medium. The butyllc 

organisms are markedly proteolytic; hence they can cleave 

proteins and obtain asparaglne to continue the diBsimilatioii 

one steo further. By incorporating an oat hull hydrolyzate, 

prepared by the use of phosphoric sold, Into the medium 

the dissimilation by the butyl organism has been arrested 

at the butyric acid stage. The manner in xvhich 
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phosphate {or pyrophosphate)Inhibits the reduction Is a 

question for speculation. 

(1) Does It inhibit the eneyse which cleaves the protein 

to give asparaglne and thus out off the supplyT (2) Or 

does It tie tzpi in some nanner, the asparagine once it is 

formedt (3) Or does it phosphorylate the sugar or carbo-

l^drate cleavage products in such a way that they will not 

supply soae substance necessary as an intermediate for pro­

teolytic conversions? To settle the question, further 

experimentation will be necessary, if (1) is true, then 

addition of asparagine to the mediua should give butanol. 

If (2) is true, asparagine added should be tied up, and 

no butanol should result. It is of course possible that 

phosphate Is not the inhibitor, but that the ^drolysis 

of oat hulls with other acids has not produced the same 

conditions that are, in soae way, an accompaniment of 

the phosphoric acid treatment. 

An example is suggested here of a method for changing 

the mechanism of a fermentation. Tatum, Peterson, and 

Fred (87) demonstrated that a butyric acid organism may 

be made to act as a butanol producer. Evidence is presented 

here that a butyl alcohol bacterium may be made to produce 

(87) Tatum, E. L. , and Peterson, W. H. , J. Bact.» 29. 
87 (1956); 

Tatum, E. L. , Peterson, W. H., and Fred, 1. B. , 
Ibid. , 66S (1936). 
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butyric acid and not butanol. 

The sluggish fermentation of butyl alcohol bacteria 

is one in which the acidity increases to a high degree. 

The agent responsible for sluggish fei^entations has been 

attributed by Starr (S9) to have the properties of a filter­

able virus. It is perhaps possible that this sluggish 

principle contains, or is, even, an anti-eneyae which 

prevents proteolysis and outs off the supply of asparsglne, 

or else a carrier essential for the reduction of butyric 

acid to butanol is withdrawn froa the scene of operations. 

Much of the above is purely speculation, and the only 

answers to the questions will be found by exper intent at ion. 

(88) Starr, D. P., Doctoral Dissertation, Iowa State College, 
19S3. 
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?I SUMMARY 

Oat hulls were hydrolyzed with dilute mineral acids, 

and the pentose sugar solutions were prepared for 

fementatlon. 

The butyl-acetonlc fermentation of mixtures of oat 

hull hydrolyzates with ground corn gave normal yields 

of solvents and the ratios 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-acetonic fer­

mentation resulted when hydrochloric , nitric, or 

sulfuric acids were employed as hydrolyzants. However 

hydrolysates prepared with phosphoric acid gave ab-

noraal fermentations in which the activity of the 

cultures soon ceased and the production of butyric 

and acetic acids was markedly high. The possible 

significance of this phenomenon is discussed. 

Aerobacter aerogenes. under the conditions employed 
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aid not grow In oat hull hydrolyzates, but grew well In 

a ffiedluaa containing pure xylose , and gave normal yields 

of E,3-butylene glycol. 

5. Aspergillus flavue produced kojlc acid In small aaounts 

fro® oat hull hydrolyzatea but gave good yields from a 

Medium containing pure xylose. 

Fenloilllua chrysogenua produced calciua xylonate in 

a aiedliM containing either oat hull sirups or pure xy­

lose, fhe xylonic acid was isolated and identified 

by the bruclne derivative. 

7 A discussion of possible inhibiting substances '?hlch 

might be resoonslble for the poor fermentations of oat 

hull sirups Is presented. 
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