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INTRODUCTION

The industrial world has felt the influence of fermentation proces-
ses, especially during the past thirty years; and is beginning to
realize the tremendous significance of the application of industrial
microbiology in the development of useful chemicals from cellulose,
starch and sugars.

The mierobiological flora of the tropics is rich in organisms capable
of industrial utilization, and the industry of the sugar cane offers
abundant and inexpensive material, that may hecome the basis of
ereat future industries. In the writer’s opinion, earbo-hydrate na-
tions are destined to exercise a controlling role in human affairs
through chemical synthesis and fermentation processes.

This paper treats of two such processes, and will be divided in
two parts; the first dealing with the production of Acetone and
Butanol from waste molasses, and the second with that of normal
butyrie acid from the same source. While the first part embodies
the acecount of a finished piece of industrial research (in so far as
laboratory work is concerned) that was started during July, 1931;
the second presents the progress made to date in a new investigation
initiated only a few months ago. This fact will account for the lack
of definite data in the subject matter of part two.

Parr I
BUTANOL AND ACETONE FROM WASTE MOLASSES

The Necessity of Industrial Research in the Industry of the Sugar
Cane.~—While there exists no single great industry more needful of
industrial research than that of the sugar cane, there is none showing
less interest and progress in this respect. There have existed several
reasons for this attitude, a discussion of which lies beyond the scope
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of this article. But whatever reasons existed in the past for this
apathetic attitude towards industrial research, they are no longer
tenable under the existing general conditions of this great industry.
Millions are being wasted every year in the form of unutilized hy-
products and waste materials while the price of the main product
drops to unprofitable levels. It seems that those responsible for the
wastes are so close to them that they have come to regard them
as unavoidable accompaniment of the industry. Meanwhile the
dextrose industry has become a serious competitor, and the com-
mercial production of Lievulose promises a still stronger future rival.
At the same time the technical world hears of sugar from wood waste
in Sweden and Germany, and sugar again, from potatoes in Ireland.
Is the eane-sugar industry to remain in the worn-out traditional
channels, blind and oblivious to the ‘“New Era’’ that will revolu-
tionize the world through carbohydrate chemistry?

Possibility of Producing Butanol and Acetone from Waste Molas-
ses—With a determined purpose of doing his share (no matter how
small and inadequate) for the amelioration of this existing trend of
affairs, and with a deep rooted conviction that if the sugar industry
is going to servive its present erisis, new products must be manufaec-
tured either from sugar itself, or its by-products, the writer started
his investigation on the problem of the fermentation of final molasses
for the production of butanol and acetone. From his search of the
literature the writer knew of mno existing fermentation process of
commercial magnitude for the production of these solvents from
‘Waste Molasses, at the time of the commencement of his investigation,
July 1931,

Searching for the Fermeniing Organism—Having learned from
the literature on this subjeet that the organisms responsible for the
acetone-butylic fermentation of carbohydrate material were widely
distributed in mature, the writer decided to try as possible sources
such things as soil, decaying vegetable matter, potatoes, sweet pota-
toes, beets, and sugar cane. For the culture medium, a dilute solu-
tion of final molasses in water was selected, with such chemical and
physical modifications as would best suit the growing and develop-
ment of the given organism and its power for the production of
solvents. The word ‘“Solvents’’ is used throughout this work to in-
clude all the valuable liquid produects of fermentation.

The molasses solution was placed in test tubes of about 50 ml.
capacity, and inoculated in each case directly with small pieces of the
material suspected of containing the butyl bacillus. After incuba-
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tion for a period of from 36 to 48 hours, the presence of butanol was
to be detected first hand, by that most chemical of human senses,
the s'nse of smell. If the characteristic butanol scent could be
detected, then further work was to be dome to isolate the organism
and set it to work under conditions favorable to its growth, develop-
m nt and solvents producing power.

The preliminary work as described above was conducted without
sueeess in the great majority of cases; the potatoes, sweet potatoes,
and the soils in which they grew giving negative results. The writer
reached the conclusion that either these materials did not contain the
butyl bacillus, or else, the strains contained in any or all of them
could not be grown and developed in the culture medium selected for
this work.

The search for the organism was then started among the sugar
cane varieties grown in Puerto Rico; and this time luck came to help
out the writer’s labors. Not less than 50 different varieties and the
soil around their roots were examined, and in a little over 20 per
cent of these, the organism was found. However, not all of them
showed the same characteristies, ability to grow, develop and produce
the requirzd solvents in the chosen medium. The apparently most
promising strains were obtained from the following canes:—PO.J-
2725; 2883; 2873; 979; 1228; F(C-588; 916; 998; and PR-820
and 807. But the only one that convineed the writer of possessing
very remarkable power for doing the work, was a strain obtained
from the roots of a cane of the Kassoer variety.

Having thus obtained promising material, the writer proceeded
to the work of purification and isolation of the baecillus. This work
will be deseribed in the next paragraph.

Isolation of the Bacillus in Pure Culture—The bacillus found on
the roots of the Kassoer cane was isolated as follows: A set of 12
test tubes each containing 10 ml. of sterile mash of 4 deg. Brix density,
were inoculated with small amounts of the unsterilized cane roots.
The tubes were then immersed in boiling water for 50 seconds and
immediately cooled in running water. They were then incubated for
36 hours and examined for odor and gas produetion. The tube show-
ing most vigorous fermentation and strongest butyl odor was chosen,
and further incubated until fermentation was completed; reheated
in boiling water, cooled, and the contents plated in malt gelatine agar.
After inoeulation of the malt gelatine agar, the medium was poured
into the inverted lid of a sterile Patri dish, and the bottom section
of the dish was then floated on the liquid. After incubation the two
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parts of the plate were easily separated and the colonies fished. These
colonies were used for further propagation as found necessary.

Adapting the Medium to the Bacillus—Lack of inverting power
and inability to attack sucrose for the production of solvents were
soon discovered in the bacillus. The bacillus, on the other hand, read-
ily attacked and decomposed reducing sugars with the production of
the desired solvents. Hence the sucrose in the molasses used for
making up mashes was always inverted before inoeulation.

After some experimental work details of which would occupy too
much space, the conclusion was reached to make the mashes acecord-
ing to the procedure described below, calling this mash ‘“The Standard
Mash”’,

Ninety grams final molasses were weighed into a two liter Erlen-
meyer flask, four hundred ml. distilled water added and the molasses
dissolved by heating on a water bath with occasional shaking. When
solution was effected, 1.5 ml. strong sulphuric acid were added, and
the flask was autoclaved during half hour at 20 pounds pressure to
effect inversion. After cooling to about 50 deg. C., five and a half
grams of caleium carbonate, and 1.5 ml. strong ammonia water were
added to the mash in the flask. When effervescence subsided, the
mash was completed to 1,800 ml. with distilled water, plugged with
non-absorbent cotton, and again autoclaved for half hour at 20 pounds
pressure. When thus prepared, this standard mash gave a reading
of 90 mv. at the potentiometer, equivalent to pH-6. Any small
variation from a potentiometer reading of 90 mv. was corrected by
addition of hundredth normal sulphuric acid or sodium hydroxide; as
found necessary. The bacillus worked very satisfactorily in this -
medium.

Fermentation Tests—Many fermentation tests using the pure
culture obtained and the standard mash preparéd as deseribed above
were conducted at various temperatures, ranging from 30 to 40 deg.
C. to ascertain the optimum temperature of fermentation. Results
of those tests showed that the optimum temperature for a sucecessful
fermentation was 35 deg. C. At this temperature the greatest yield
of solvents was obtained, fermentation being completed in from 48
to 54 hours after its initiation. When working at temperatures above
35 deg., C. it was found that fermentation was rapid and vigorous;
but the yield of total solvents was less than when working at 35 deg.
C., while the ratio of acetone to butanol was higher. At 39 deg. C.
the organism worked very briskly for some time but all action soon
ceased, and when examined under the microscope the bacilli had ap-
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parently lost their characteristic motility, very few vegetative cells
being observed. When temperatures from 30 to 35 deg. C. were used
the fermentation was rather sluggish, and instead of from 48 to 54
hours, it took from 60 to 72 hours to complete it. The table on next
page shows the influence of temperature during the fermenting
period.

TABLE SHOWING THE EFFECT OF TEMPERATURE DURING FERMENTATION
4 T. 8. = PERCENT TOTAL SOLVENTS

Analysis of Products
Temperature Time Ratio
Tes of of Active of Butanol
No. Fermentation|Fermentation T. 8. | Butanol Acetone Ethanol to
Deg. C. Hours % 4 % % Acetone
1m 30 70 23.50 17.82 4.95 0.73 3.6 I
Gt M
Beinnsiwns 31 66 24.05 18.00 5.00 1.05 3.6 | I
Bagasaivany 32 63 24.50 18.28 5.07 1.15 3.6 I
®
: O, 33 60 25.80 19.31 5.51 0.98 3.5 | I
Blusummens 34, 57 27.10 20.27 5.78 1.05 3.6 | I
[ TR 35 49 29,50 21.98 6.27 1.27 3.5 i
7 e 36 45 27.65 20.07 6.08 . 1.50 3.3 I
B 37 38 24,49 17.54 5.68 1.28 3.1 T
! FER BN Yo, 38 32 18.90 12.98 4.99 093 2.6 I
) |i RS, 39 25 12.00 7.57 3.78 0.65 2.0 i

The above figures show that the optimum temperature for fer-
mentation is 35 deg. C.; that below this temperature fair results
may be obtained down to about 32 deg. C. and up to about 37 deg. C.
Temperatures above 37 deg. C. give very poor results as to total
yields and butyl aleohol-acetone ratio; while temperatures below 32
deg. C. though not giving very bad yields, take too long to finish
fermentation.

Acidity of Mashes—The acidity of all mashes was controlled by
pH determinations using the potentiometer and quinhydrone elee-
trode. Having found that the bacillus worked best under slightly
acid conditions, the initial pH of all mashes was regulated to a read-
ing of 90 mv. as stated previously when describing the ‘‘STANDARD
MASH'.
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An experiment was run to determined the variations in acidity
during and upon completion of fermentation.

During a normal fermentation at optimum temperature, it was
observed that the mv. reading rose steadily as soon as fermentation
started, continuing this rise during the first 22 or 24 hours, when
a potentiometer reading of about 160 mv. could be observed. After
this concentration of acidity was reached, the mv. readings started to
yield descending values till a eonstant or nearly constant value of
from 125 to 130 mv. was obtained which remained so until fermenta-
tion stopped. ;

In cases of a poor fermentation test due to contamination of the
inoculum, or of the mash after inoeulation, or to any other inhibiting
foree, the acidity continued to rise going up to readings between 190
and 210 mv. Every time that this happened, poor yields of solvents
were to be expected; examination of a sample under the mieroscope
showing less motility of the organism, signs of contamination; and
in extreme cases the organism disappeared altogether from the field
of vision.

Thus the determination of pH values periodically (say every 2
or 3 hours) proved to be an excellent control, as an abrupt rise in
myv. readings was a sure indication of forecoming trouble. The fol
lowing eurves show the rise in pH during a (I) normal, vs.-a poor
{2) fermentation.
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The following table offers some figures obtained from fermenta-
tion test conducted at optimum temperature using ‘‘ Standard Mash’’.

DATA
Hour and date of inoculation o naa 10 A. M, Oet. 1, 1931
Hours after inoculation at whiech fermentation started_.. 4 hours
Date of completion of fermentation_ ___________ 3 P. M. Oct. 3, 1931
Hours of active fermentation - - 53
Incubating temperature___ T i 35 deg. C.
8. G.of
Mash Starting Final Starting Final Distillate A % Butanol | ¢ Acetone
0. Bx. Bx. My, My, at 2y C.

| TR 4.60 2.7 95 152 0.9840 20.55 15.88 4.55
T 4.70 2.7 93 155 0.9937 22,97 16.65 4.60

- T 4.60 2.3 88 130 0.9923 30.70 22.64 6.40
4| 480 2.5 90 153 0.9940 20.55 16.00 4.40
| TR I 2:2 89 125 0.9922 31.36 22.76 6.60

; -

Bissnsvensy 70 2.4 87 132 0.9930 26.33 19.22 589
Tvereenn| 4.68 2.6 93 142 0.9935 23 20 17,59 4.35
R | 460 2.8 89 151 0.9937 22,27 17.24 3 98
[ 4.60 2.6 85 15 0.9938 21.82 16.42 3.87
Weiaiviges 4,60 2.4 86 135 0.9933 2444 18.19 4.92

NotE: — The percentage ethanol produced may be found by subtracting from § T. S. the sum of the
percentages of butanol & acetone,

Determination of Optimum Sugar Concentration—From an in-
dustrial point of view it was thought very important to determine
the optimum sugar concentration in the mash at which the organism
would work efficiently.

A series of 12 mashes varying in sugar concentration from 3.65 g.
of total sugar to 11.256 grams per 100 ml. of mash were inoculated
with the organism, using the same seed for all. After completion
of the incubation period, the following results were obtained:
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Concentration % Total
Mash No. of T. Sugars Noa. of hours Temp, of Solvents on % Acetone
Grams per to complete Ferm. wt. of on wt.
100 ml. Fermentation | 35 deg. C. sugars of sugars

P SR 3.65 48 54 24.75 §5.21
B e S B 4.25 48 B 27.74 6.00
e P Tt it e 4 55 50 = 27.20 6.12
Bl w o S S 4.85 50 i . 27.12 6.22
L LT P F T 5.14 52 ¥ 22.85 5.20
B s S B 5.45 i 60 1 10.10 2.50
T o 5.75 66 2 7.29 2.00
Bl s 6.05 72 = 4.13 1.15
Oz s Gt O R 7.26 80 ak 1.72 G.65
e 8.50 Noferment...|.......oooiieieniorannieannfirnecnniiennns
st sy b s e iins 9.75 g B s s res
12 svisiasmasasianmsmy 11.25 L I e e _ ...........

From a study of the data in the above table, it is apparent that
best results are obained when working with sugar concentrations of
from 4.25 to 4.85 grams per 100 ml. of mash. Fair results may be
obtained with concentrations of 3.65 and 5.14 grams of sugar per
100 ml. of mash; but the commercial optimum would be attained
when working with a concentration of 4.85 grams of sugar per 100 ml.
of mash. ‘With this concentration every 100 ml. of mash will yield
on distilling 1.315 gram of total solvents or about 1.65 e. ¢. It may
be observed that mashes Nos. 2 and 5 give slightly higher yields per
sugar unit; but having lower concentrations, the actual weights of
solvents obtained per 100 ml. of mash are smaller. Also the plant
capacity for fermentation and distillation would have to be larger
if these concentrations were used commercially. The yields in grams
and ml. of solvents per 100 ml. of mash in the cases of the best three
concentrations as represented by mashes Nos, 2, 3, and 4 follows:
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MIL. total
Grams T. 8. | solvents per
Mash per 100 ml 100 ml. of
No. of mash mash
2 istmaamenane 1.18 1.48
B ansmasvgas 1.24 1.55
. P 1.315 1.65

Aectivating Agents—Another fermentation test was run to find
the effect of Lamp-Black and Kieselguhr when used in the prepara-

tion of the mash separately, and together, in varying proportions.
The results obtained are shown in the table below:

TOTAL WEIGHT OF ALL MASHES: 1000 GRAMS

¢ T. Solids | ¢ T. Sugars | Lamp-Black | Kieselguhr
Mah Ne | fatah | afMath | Omes | Onms | Hee | Fooeen
oo 8.8 LBY Lasseaveesao] semssiiasa 24,60 19.07
- P P bE = 2 R e 26.50 21.19
. S—— 2 A 7 SR [ —— 28.50 23.05
- I K & F  fesreessmeseacs 25.10 19.41
Boivanarisaze e v R 24.60 18.68
B oo il ” b asuisoen 22.00 16.17
7 AR A L 11 T e 1 27.70 21.68
Buaviwsvsnavany & B messsensis 2 27.70 21 85
[« DR e # B Messwesesuming 3 25.10 19.10
21 VI oy - N o M leesvaessmaames & 25.10 18.95
I oiweimossmnm s = 8 esmsadeazerein. 5 25.10 18.87
12oiawssiisanns o ” 1 1 27.80 23.00
I R R LA R 2 2 30,00 25.41
) . YOO b i 3 3 28.70 23.01
T8 vesssiwensames i ” 4 4 30.00 24,40
1 L OO e Kt " 5 5 30.00 24.25
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A perusal of the table on page 15 will reveal at a glance the bene-
ficial effect obtained by the use of the activating agents discussed on
that page. The effect is more striking when using both Lamp-Black
and Kieselguhr together. In case when Lamp-Black is used alone,
the maximum inerease in yield of solvents is obtained by using 2
grams of this substance; and this inerease amounts to 3.9 per cent
on the weight of sugars in the mash or 15.86 per cent over the yield
obtained when no activating agent is used. Using quantities much
above this maximum give very little increase, no increase, or even
deleterious results; for instance, when 5 grams lamp-black were used
the yield of solvents was actually less than when using no activating
agent at all. In the case of Kieselguhr alone the maximum inerease
was obtained when using either 1 or 2 grams of the substance; no
further increase being obtained by using larger amounts. In this ease
the increase in yield amounts to 3.10 per cent on the weight of
sugars, or 12.6 per cent over the yield obtained without using activat-
ing agents.. A maximum yield is obtained when using both activating
substances together in the proportion of two grams of each; and in
this case the increase amounts to 540 per cent on the weight of
sugars, or 21.81 per cent over results obtained when using no activat-
ing agents.

These results show that in a commercial process it would pay to
use these activating substances, as the increase in yields are remark-
able, especially when using both activating substances together.

Industrial Possibilities—The writer’s opinion is that the Bacillus
acerosuTyLicuM discovered and isolated by him eould have profitable
industrial application; and this opinion is based on the following
facts:

1. So far there exists no large seale production of these solvents
using FINAL SUGAR HOUSE MOLASSES as the raw material.

2. Final molasses is to-day the cheapest carbohydrate source in the
market, its price in Puerto Rico being about 3.5 cents a gallon, deliv-
ered at the various mills. A gallon of Puerto Rican final molasses
contains an average of six pounds total sugars.

3. This bacillus is able to produce more yield of solvents per unit
of sugar content of the fermenting medium than any other known
so far.

4. The bacillus which is most widely used commercially to-day is
that of wiezmann, and it produeces butyl aleohol, acetone, and ethyl
aleohol in the ratio 6:3: 1, respectively using corn mash. This baeil-
lus has not been able to produce these solvents profitable from mo-
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lasses mash. The writer’s baeillus produces these same solvents in
the ratio 14:4:1, respectively, using final molasses mash of from
8 to 9 deg. Brix, corresponding to a sugar concentration of from
4.5 to 5.0 per cent.

5. The maximum actual laboratory yield obtained from 1 gallon
FINAL MOLASSES by the writer has been:

Total SOVERIR e 30. 00 per cent; or 1.95 pounds
Butyl aleohol ______________ 22. 31 per cent; or 1.45 pounds
Aoabong oo menu meara 6.15 per eent; or 0.40 pounds
Ethyl aleohol. . oo 1. 54 per cent; or 0.10 pounds

The present average market value of the above produets, per
pound, are 10, 9, and 4 cents, respectively, for butyl alcohol, acetone
and ethyl aleohol. There are good reasons to believe that these
prices are at about the lowest possible level and that there exists great
probability of a future rise in all of them. Fven at these low prices,
a gallon of sugar factory final molasses would yield a gross value
of 18.5 cents when used in the production of these solvents. The
actual total cost of produection should not exceed 10 cents per gallon
of molasses worked up, including all expenses. These expenses may
be lowered considerably by working the process as an adjunct to a
sugar factory, where cheap fuel in the form of bagasse would be
available and where no transportation charges would have to be paid
on the molasses used. :

Patent applied for by author.

REFERENCES TO Part |

(1) Fitz, A, Ein Nenes Buttersaureforment. Verichte, 17:118-
1196. 1884.

(2) Perdix, L. Sur les fermentations produites par un microbe
anacrobic. de 1'ean. Ann. d. 1. T. Past., 5:286. 1891.

(3) Grinhert, M. L. TFermentation anaerobic produite par le Ba-
cillus orthobutylicus. Ann. d. 1. T. Past., 7:353-402. 1893.

(4) Duclaux, E. Sur la Nutrition intracellulaire. Ann. d. 1. T.
Past.,, 9:811-839. 1895.

(5) Winogradsky, 8. Clostridium Pastorianum seine morphologie
und seine eigenschaften als Buttersaure ferment. Centralbl.
f. Bakt. 9:43-54. 1902.

(6) Schardinger, F. Bacillus macerans. Iin Aceton bildiner Rot-
tebacillus. Centralbl. f. Bakt.,, 16: 795-800. 1906.

(7) Buchner, E., and Meisenheimer, J. Ueber Buttersaure ga-
rung. Berichte, 41:1410-1419. 1918,

(8) Bredemann, &. Bacillus amylobacter. Centralbl. F. Bakt.
TI, 23:385-568. 1909.

(9) Fernbach, A. and Strange, E. H. Production of Amyl,



474 THE JOURNAL OF AGRICULTURE OF THE UNIVERSITY OF P. R.

Butyl, and Ethyl Alcohol; and Butyrie Propionic or Acetic
Acid, ete. British patent 15:203. 1911.

(10) Bayer & Company. Production of Acetone and Alcohol by
Fermentation of Sugar and Saccharine Materials by Bacillus
macerans. German Patent 283, 107. 1913.

(11) Krumnwiede, C., Jr. and Pratt, J. Fusiform Baeilli-Isolation
and Cultivation. Journ. Inf. Ois, 12:199-201. 1913.

(12) Weizmann, €. Manufacture of Acetone and Butyl Alcohol by
Bacterial Fermentation of Carbohydrates, and DBacterial
Cultures for the same. DBritish patent 4,845. 1915.

(13) Delbruck, K., and Meisenburgh, K. Process for Fermenting
Sugar. U. 8. Patent 1,169, 321. 1916.

(14) Dyer, D. €. A New Method for Steam Distillation for the
Determination of Volatile Fatty Acids, ete. Journ. Biol
Chem. 28:445-473. 1917.

(15) Ricard, BE. Manufacture of Acetone and Butyl Alcohol by
Fermentation and Apparatus for the same. British patent
130,666. 1918.

(16) Weizmann, C. Production of Acetone and Alecohol by Bacte-
riological Processes. U. S. Patent, 1,315,585. 1919.

(17) Desborough, A. P. H. Thaysen, A. C., Reilly, J,, and Henley,
F. R. The Manufacture of Acetone and other Products by
Fermentation. British Patent 128,714, 1919.

(18) Weizmann, C., and Spiers, H. M. Fermntation of Starchy
Material for the production of Acetone and Butyl Aleohol.
British Patent 164,762. 1919.

(19) @Gill, A. The Acetone Fermentation Process and its Technical
Application. Jour. Soc. Chem. Ind., 38:273-282. 1919.

(20) Gill, A. The Production of n. Butyl Alecohol and Acetone
by the Fermentation of Horse-chestnuts. Jour. Soc. Chem.
Ind., 88:411-412. 1919.

(21) Speakman, H. B. The Production of Acetone and Butyl
Aleohol by a Bacteriological Process. Jour. Soc. Chem.
Ind. 38:271-273,  1919.

(22) Weizmann, C., and Hamilyn, A, Fermentation Process for the
Production of Acetone and Butyl Aleohol. U. 8. Pat.
1329214, 1920.

(23) Speakman, H. B. Biochemistry of the Acetone and Butyl
Aleohol Fermentation of Starch by ‘‘Baeillus granulobacter
pectinovarum’’.  Jour. Biol. Chem. 41:319-343. 1920.

(24) Speakman, H. B, Gas Production During Acetone and Butyl
Aleohol Fermentation. Jour. Biol. Chem., 43:401-411. 1920.

(25) Speakman, H. B.” Seed Culture Method in the Production of
Acetone and Butyl Alcohol Fermentation Process. Ind. &
Eng. Chem., 12:581-587. 1920.

(26) Newman, T. C. Manufacture of Butyl Alecohol. Can. Chem.
Jour., 4, 76-77. 1920.

(27) Reilly, J., Hickenobottam, W. J., Henley, F. R.,, & Thaysen,
A, C. Produects of the Acetone-Butyl Aleohol Fermentation.
Biochem. Jour. 14:229, 1920



TITILIZATION OF WASTE MOLASSES 475

(28) Thaysen, A. C. Baciriology of the Process for Acetone and
Butyl Aleohol Manufacture. Jour. Inst. Brewing. 27:529-
542, 1921.

(29) Hall, H. E. Solvents Produced by Bacteria. Chem. Age., 29:
103-104. 1921,

(30) Horton, G. D. Process of Producing Butyl Aleohol and
Acetone by Fermentation. U. 8. Patent 1,427,595. 1922,

(31) Robinson, G. Acetone and Butyl Alecohol Fermentation of
Various Carbohydrates. Jour. Biol. Chem., 53:125-154.
1922,

(32) Freiberg, G. W. Process for Producing Acetone and Butyl
Aleohol. U. 8. patent 1,537,5697. 1925.

(33) Freiberg, G. W. Carbohydrate Metabolism of Acetone-Butyl
Aleohol-Fermentation. Proe. Soc. Exp. Biol. & Med., 23:
72-73. 1925.

(34) Funk, F. J. Butyl Alecohol and Actone Fermentation Proc-
ess. U. 8. Patent, 1538516, 1925.

(35) Ricard, E. Manufacture of Acetone and Butyl Alcohol by
Fermentation. TU. S. Pat. 1,550,746. 1925.

(36) Fowler, G. J. and Subramanyan, V. Studies relating to the
Acetone Producing Organisms. Jour. Ind. Inst. Se., 8a: T1-
83. 1925.

(37 Marvel, €. 8. and Broderick, A. E. Composition of the Yel-
low 0il Obtained in the Manufacture of n. Butyl Aleohol
Fermentation. Jour. Am. Chem. Soc. 47:3045-3051. 1925.

(38) Boinet, F. Manufacture of n. Butyl Alecohol. U. S. Patent
1,565,543. *1923.

(39) Fred, E. B.,-~Reterson, W. H. and Mulvania, M. Efiect of
Laectic Aecid Organisms on Fermentation by ‘‘Granulobacter
Pectinovarum’. .Jour. Baet. 11:323-343. 1926.

(40) Thaysen, A. C. and Green, B. M. Production of Butanol and
Acetone from Jerusalem Artichokes. Jour. Inst. Brewing.
33:236,240. 1927.

(41) Weyer, E. R. and Tettger, L. F. A Complete Study of Six
Different Strains of the Organisms Commonly Conecerned in
the Large Secale Production of Butyl Aleohol and Acetone.
Jour. Baet. 14:399-424, 1927, i

Parr I1

NORMAL BUTYRIC ACID FROM WASTE MOLASSES

Butyric Acid is a Valuable and Important Acid—DButyric acid is
one of the most valuable aliphatic acids used commereially. TIts steady
price offers a striking contrast with the declining values that have
been prevalent in the market for chemical produets during the last
four or five years. The present carload price in the United States
for this commodity is 80 ceunis per pound on the basis of 100 per
cent acid.
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This attractive price led us to investigate the possibility of pro-
ducing this organic acid from cane factory waste molasses by micro-
biological methods. The success obtained in our previous investiga-
tion on the production of hutanol and acetone by similar methods,
encouraged us to try this new study.

Difficulties Encountered by Previous Investigators—Although fer-
mentation processes leading to the production of organic acids have
been practiced before the beginning of eivilization, the mechanism
whereby these processes took place on the agents responsible for them
were utterly ignored. The production of butyrie aeid, the agent
respongible for rancid butter, remained in the situation common to
all these processes until Pasteur recognized the butyrie fermentation
as a well defined microbiological phenomenon; deseribing this fer-
mentation as an anaerobic process before the Academy of Secience
in Paris, 1861.

Since this date, many groups of these organisms have been found.
and their produets of fermentation studied by several well-known
investigators, among which we may mention Kirov: Baier: Fitz;
Winogradsky ; Buchner and Meisemheimer. These men of science
agreed in that the formation of butyrie aeid by fermentation when
using the organisms known to them, was generally accompanied by
secondary reactions, producers of a variety of other substances. For
instance, Buchner and Meisenheimer, when working with the ‘‘ Baeil-
lus Butyrieus™ Fitz, found the following products as typical of the
fermentation of 100 grams glucose: —0.7 grams butanol; 2.8 grams
ethanol; 1.6 grams hydrogen; 3.4 grams formic acid; 10 grams
lactic acid; 7.5 grams acetic acid; and 26 grams butyric acid.

Recently, the chemists . T. Herrick and O. E. May of the De-
partment of Agriculture, Washington, D. ., published a eircular
on the production of organic acids by fermentation in which they
opined that the butyric fermentation has not been applied indus-
trially in commercial magnitude due to the great variety of sub-
stances, other than butyrie aeid produced during the fermentation.

The patent literature deseribes some processes which give the
impression that the work has been done in decidedly empirical form.
In some cases it is really difficult to understand how a patent could
be seeured on such vague, indefinite and entirely unscientifie data.

Attacking the Problem—Having acquired from the literature a
knowledge of the butyrie fermentation, whose synopsis is given above,
we resolved to attack the problem of butyric acid produetion from
waste or ‘‘final’’ sugar factory molasses, using a native bacillus.



UTILIZATION OF WASTE MOLASSES 477

The Bacillus is Found.—Aj% the time of our determination to work
on the butyric fermentation, we were preparing a series of extracts
from the Annatto Seeg,.(Bixa Orellana) that were to be sent to the
Chicago Fair. A few seeds left over the week end in a test tube
with distilled water to which a little sodium carbonate had been
added, were found on next Monday morning in a very active state
of fermentation. On further examination it was found that the fer-
menting liquid had turned from an alkaline to a decided acid reac-
tion. Moreover, a strong butyrie acid scent could be noticed. We
had found the organism needed for our intended work on waste-
molasses.

Our Preliminary Work—We had learned from the experience of
previous workers in this field, that the problem of the commereial
production of butyrie acid by micerobiological methods would be prac-
tically solved with the discovery of a fermenting organism capable
of produeing the desired fermentation free of the secondary produets
obtained when working with organisms already known.

Henee, our greatest interest, once the baecillus was found, was to
find out whether or not the organism would satisfy the requirements
as to yield and purity of the main produet of fermentation. So, as
soon as we had enough quantity of the product, an analysis was
made to determine its degrees of purity. The results were so highly
satisfactory that a duplicate sample was sent to the Bureau of Chem-
istry of the Department of Agrieulture, Washington, D. C. The
sample was sent in the form of the barium salt of the acid. The
report received from that Department stated that the product was
practically entirely butyrate of barium, and that the free acid showed
a high degree of purity.

These results were, of course, sufficient to give a great technical
and commercial interest to our bacillus; for we had learned that
the inhibiting factor militating against their commercial application,
was the heterogenous product of fermentation found when working
with other butyric ferments.

Other Pertinent Focts Found to Date—As stated in our introdue-
tion this investigation is merely starting, so no definite data is avail-
able as yet. But from what has been done to date, the following
additional facts may be stated:

1. The organism is exceptionally vigorous, and has shown itself
capable of competing with other organisms that may gain access to
the fermenting liquid. This may indicate that an absolutely pure
culture is not indispensable for the growth, development, and acid
production of the organism. From a commercial standpoint this is
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an important_factor favoring the organism; for the difficulties en-
countered in plant work in the prevention of econtaminations in pure
cultures are only too well known.

9, The organism is facultative anaerobic. This is another point
of great technical importance, for strict anaerobes bring great dif-
ficulties of a technical nature, besides complications of equipment
when an effort is made towards their commercial exploitation.

3. We have not determined. as yet the optimum conditions of
fermentation, nor the maximum obtainable yields of acid; but in

the preliminary tests effected up to this time, the yields of aecid have
varied between 30 and 40 per cent in round numbers. These yields
have been calculated on the weight of total sugars contained in the
fermenting mass,

4. Accepting an average value between the two figures given
above, as the probable commercially obtainable yield, we would have
that a gallon of ““final’’ or waste molasses, would yield about 2.1
pounds of the acid with a gross value of $1.68,

Finale—As closing words I wish to express my firm convietion
in the glorious future awaiting fermentation processes in the field
of modern industrial ehemistry, and especially in their application
to carbohydrate materials. Indeed, many of our more important
organic chemical products will be manufactured in a not remote
future by methods of industrial microbiology.

The beautiful islands of the Caribbean offer unexplored treas-
ures in their microbiological flora, and are destined to become great
chemical laboratories of the future where fermentation industries will
be predominant; and the future of our great sugar industry will be
most intimately eonnected with such methods of manufacture.

Patent will be applied for by the author.
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