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I NT RODUCT ION 

The industrial world bas felt th e influence of fermentation proces­
ses, esp ecially during the past thirty year s; and is beginning to 
r ealize the tremendous sign ificance of the application of indu str ial 
microbiology in the development of useful chemicals from cellulose, 
starc h and sugars. 

The microbio logical flora of the tropics is rich in organisms capab le 
of indu str ial utilization, and the indu stry of the sugar cane offers 
abund ant and inexpensive material, that may become the basis of 
gr eat future industrie s. In the wri ter 's opinion, carbo-hydrate na­
tion s are destined to exercise a controlling role in human affairs 
through chemical synthesis and fermentat ion proce sses. 

'l'bis pap er tr eats of two such processes, and will be divided in 
two parts; the first dealing with the produ ct ion of Acetone and 
But anol from waste molasses, and the second with that of norma l 
but yri c acid from th e same sourc e. While th e first par t embodies 
the account of a finished piece of indu strial research (in so fa r as 
laborat ory work is concerned) t hat was started during Ju ly, 1931; 
the second pr esents th e pr ogress made to dat e in a new investigation 
ini t iated only a few month s ago. This fact will account for the lack 
of definite data in the subj ect matt er of part two. 

PAR'l' I 

BUTANOL AND ACE'.roNE FROM WA STE MOLAS SES 

Th e Necessity of Ind11,Stf-ial R esearch in th e Indit,Stry of the Siigar 
Cane.- While th ere exist s no single gr eat indu stry more needful of 
indu strial r esearch than that of the sugar cane, there is none showing 
less int er est and progr ess in this respect. There have existed several 
r easons for thi s att itude , a discussion of which lies beyond the scope 
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of this articl e. But wha tever reaso ns existed in the pas t for this 
apa the tic att itud e toward s ind ustri al research, they are no longer 
tenable un der the exist ing general condition s of thi s great industr y. 
Million s ar e being wasted every year in th e form of unutiliz ed by­
product s and waste mater ials while the pri ce of the main product 
drops to unprofitabl e levels. It seems that those responsible for th e 
wastes are so close to them that they have come to regard th em 
as un avoidab le accompaniment of the industry. Meanwhile th e 
dextros e indust ry has become a ser ious compet it or , and the com­
mercial pr oduction of Levulose pro mises a still str onger futur e rival. 
At th e same time the t echnical world hears of sugar from wood waste 
in Sweden and Germ any, and sugar aga in, fr om potatoes in Ireland. 
Is the cane-sugar industry to r emain in the worn- out traditiona l 
chann els, blin d and oblivious to th e "New Era" that will revolu­
tioniz e th e world th rough carboh ydrat e chemist ry~ 

Possibility of Producing Btdanol and· Acetone frnm Waste J.lllolas­
ses.- With a determin ed pur pose of doing his share (no matt er how 
small and inad equate ) for the amelior at ion of thi s exist ing tr end of 
affairs , and with a deep r ooted conviction that if the sugar industr y 
is going to servive it s pr esent crisis, n ew pr oducts must be manufa c­
tured either from sugar its elf, or it s by-produ cts, t he wr iter star ted 
his inv estigat ion on the pr oblem of the fer mentation of final molasses 
for the produ ction of butanol and aceton e. Fr om hi s search of th e 
lit era ture th e writ er kn ew of no exist ing fermentation process of 
commercial magnitud e for the product ion of the se solvent s from 
Waste Molasses, at the t ime of the commencement of hi s investig at ion, 
,Tnly 1931. 

Searching for the F eNnenting 01·ganisni.- Having learn ed from 
the literature on this subje ct that the orga nisms responsible for the 
acetone-butylic f ermentation of carbohydrate materia l wer e wid ely 
distribut ed in natur e, the writer decided to t ry as possible sources 
such th ings as soil, decaying vegeta ble matter, potatoes, sweet pota­
toes, beet s, and sugar cane. F or the cultur e medium , a dilut e solu­
t ion of final molasses in wate r was selected, with such chemical and 
physica l modifications as would best suit the growing and develop­
ment of the given organism and its power for the produc tion of 
solvents . 'l'he word "Solvents" is used throughout thi s work to in ­
clud e all th e val uable liquid produc ts of fermentation . 

Th e molasses solu tion was pla ced in test tubes of about 50 ml. 
capac ity, and inoculat ed in each case dir ectly with small pieces of the 
mater ial suspect ed of containin g the but yl bacillu s. After incuba-
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tion for il period of from 36 to 48 hour s, 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 butano l scent could be 
detected , then further wor k was to be done to isolate t he organism 
and set it to work under conditi ons favorable to its growth, develop­
m nt and solvents produ cing power. 

The preliminary work as described above was conducted without 
success in the great majority of cases; the potatoes, sweet potato es, 
and th e soils in which they grew giving negative result s. The writer 
reached the conclusion that eith er these materials did not contain the 
butyl bacillus, or else, the strains contained in any or all of them 
could not be gro,\·n and d<'veloped in the culture medium selected for 
this work. 

'l'he 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 writ er' s labors. Not less than 50 different variet ies and the 
soil around their roots were examined, and in a little over 20 per 
cent of these, the organism was found. liowever, not all of th em 
showed the same characte ri stics, abi lity to grow, develop and produce 
the r equir 2d solvents in the chosen medium . 'l'he apparent ly most 
promi sing st rain s were obtain ed .from the following canes :- POJ-
2725; 2883; 2873; 979; 1228; FC-5 88; 916; 998; and PR--820 
and 807. But the only one that convinced the writer of possessing 
very remarkabl e power for doing the work, was a stra in obtained 
from Llie roots of a cane of the Kassoer variety. 

Having thu s obtained promising mater ial, the writer proceeded 
to the \\'Ork of purification and isolation of th e bacillus. 'l'hi s " 'Ork 
will be described in the next paragraph. 

lsolmtion of the Bacillits in Piir e Oitltiire.-The bacillus found on 
the roots of the Kassoer cane was isolated as follows: A set of 12 
test tub es each conta inin g 10 ml. of steri le mash of 4 deg. Brix density, 
were inoculat ed with small amounts of the unst eriliz ed cane roots. 
'l'hc tubes were then immersed in boiling ,rnter for 50 seconds and 
immediately cooled in running water. 'l'hey were then incubated for 
36 hours and examined for odor and gas production. 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 plat ed in malt gelatine agar. 
After inoculation of the malt gelatin e agar, the medium was poured 
in to the inv ert ed lid of a steri le 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 w·ere easily separated and the colonies fished. These 
colonies were used for further propagat wn as found necessary. 

Adapting the Mediurn 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 mash es was always inverted before inoculation. 

After some experimental work details of which would occupy too 
much space, the conclusion was reached to make the mashes accord­
ing to the procedur .e described below, calling this mash '' The Standard 
Mash". 

Ninety grams final molasses were weighed into a two liter Erlen­
meyer fl.ask, 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 du ring ha lf hour at 20 pounds pressure to 
effect invers ion. After cooling to about 50 deg. C., fi'!'e and a half 
grams of calcium carbonate, and 1.5 ml. strong ammonia water were 
added to the mash in the fl.ask. ·When e:ff ervescence 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 pr epared , 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 norma l sulphuric acid or sodium hydroxide; as 
found necessar y. The bacillus worked very satisfactorily in this . 
medium. 

F'm·mentation Tests .-Many fermentation tests using the pure 
culture obtained and the standard mash prepared as described 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 successful 
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. 
0 ., 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. 

TABL E SHOW I NG THE EFFECT OF TEMPERATURE DURING FERMEN' rATION 

i T. S. = PERCENT TOTAL SOLVENTS 

Analysis of Products 
Temperature Time Ratio 

'l'est of of Active of Butanol 
No. Fermen tat ion Fermentation T. S. Butanol Acetone Eth anol to 

Deg. C. Hour~ % . % % Acetone . 
1. ........ 30 70 23.50 17.82 4.05 0.73 3 .6 I -- --- -
2 ......... 31 66 24.05 18.00 5.00 1.05 3.6 I 

--
3 .. .... ... 32 63 24. 50 18.28 5.07 1.15 3.6 I 

I-• 
4 ......... 33 60 25 .80 19 .31 5.51 0.98 3.5 I 

I-

5 .. .. ..... 34. 57 27.10 20 .27 5.78 1.05 3.5 I 
I-

6 ....... .. 35 49 29.50 21.98 G.27 1.27 3.5 l 
-

7 ......... 36 45 27.65 20.07 6 .08 1.50 3.3 I 
--- -

8 ......... 37 38 24.49 17.54 5.68 1.28 3.1 I 
-

9 .... ... .. 38 

I 
32 18.90 12.98 '1.99 0 93 2.6 I 

0.651 -- 2-.0-
I-

10 ........ 39 I 25 I 12.00 7.57 3.78 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 alcohol-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 elec­
trode. Having found that the bacillus worked best under slightly 
acid conditions, the initia l pH of all mashes was regulat ed to a read­
ing of 90 mv. as stated previously when describing the '' STANDARD 

MASH'' . 
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An experime nt was ru n to determined the vari ations in acidity 
dur ing and upon compl etion of fermentat ion. 

Duri ng a norma l fermentation at optimum temperature, it was 
observed that the mv. read ing rose stead ily as soon as fermentation 
started, continu ing this ri se during the first 22 or 24 hours, when 
a potentiometer r eading of about 160 mv. could be observed . After 
this concentrat ion of acidity was reached, the mv. read ings started to 
yield descend ing values t ill a constant or near ly constant value of 
from 125 to 130 rnv. was obtained which remained so unt il fermenta ­
tion stopped. 

In cases of a poor fermentation test due to contam ination of the 
inoculum , or of the mash after inoculation, or to any other inh ibiting 
force, the acidity continued to rise going up to readings between 190 
and 210 mv. Ev ery t ime that this happened, poor yields of solvents 
were to be expected; examination of a sample under the microscop0 
showing less moti lity of the organ ism, signs of contam ination; and 
in extreme cases the organ ism disappeared altogether from the field 
of vision. 

'L'hus the determination of pH values period ically (say every 2 
or 3 hour s) proved to be an excellent control, as an abrupt r ise in 
mv. readings was a sure indication of for ecoming troub le. The fol ­
lowing curves show the rise in pH during a (I) :µormal, vs. a poor 
( 2) fermentat ion. 
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The follo wing table offers some figures obtained from fermenta­
tion test conduc ted at optimum temperature using "Standard Mash". 

DA'l'A 
Hour and date of inoculat ion __________________ ,. _______ 10 A. M. Oct. 1, 1931 
Hours after inoculation at which fermentation started ___ 4 hours 
Date of completion of fe rmentat ion___________________ 3 P. M. Oct. 3, 1931 
Hours of active fermentation- -- -------- - - - --- --- --- -- 53 
In cubating temperature _______________________________ 35 deg. C. 

s. a . of 
Ma sh Startin g Fin al Starting final Di stillate ~ T. S. % .B11t• nol ~ A cetone 
No. l3x. Bx. Mv. Mv . at '°/, C. 

-- - -1--- - -- -- -- -- -- --• ·- -- -• ·- -- - 1-----1-

I. ........ 4 .00 2 . 7 95 152 0 .9940 20.5.5 15.88 4 .55 
- -- - -- ----

2 .• •. •• .. . 4 .70 2 .7 93 155 0.9937 22.27 16.65 4 .60 

··- -- -- - --- - -- - --
3 .. .. .... . 4 .00 2 .3 88 130 0 .9923 ~0.70 22.64 6. 40 

- - - ---
4 ... . . .. .. 4 .00 2 .5 90 153 0 .9940 20.55 lfi .00 -t.40 

- -- --- ---
5 ..... .... 4 .00 2 .2 89 125 0 .9922 31.36 22.76 6 .60 

--- ---
G .... .. 4 .70 2 .4 87 132 0.0930 26 .33 19 .22 5.89 

-- - - - -
7 .. ... ... 4.65 2 .G 93 142 0 .9935 23.20 li.59 4 .35 

-- - --- -- --- -- - -
8 . . . ... ... 4 .00 2 .6 89 151 0 .9937 22.27 17 .2-1 3 98 

--- - -- -- -
9 ... . .. . . . 4 .60 2 .6 85 115 0 9938 21.82 16. 42 3 .87 

- --·- --- ·--- - --- - --- - ---
10 .. . .. .. . . 4 .60 2 .4 86 135 0.0933 24 .44 18. 19 4 .92 

Non :: - The percentage ethan ol produced may be found br suhtrncting from 1 T. S. th e mm of the 
percentages of butanol & acetone. 

Determination of Optinumi 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 th e organism 
would work efficientl y . 

A seri es of 12 mashes varyin g in sugar concentr at ion from 3.65 g. 
of tota l sugar to 11.25 gram s per 100. ml. of mash were inoculat ed 
with the organism, using the same seed for all. After completion 
of t.he incubat ion period, the following r esult s were obtained: 

I 
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Mru: h No. 

1. .. . . ..... .. ... . . . . . . . . .. 

2 . . . . . .. .. ..• ... . . . •• ..... 

3 .. ... . ..... .. .. . . ... .. .. . 

4 ... .. .. ............. .. . . . 

5 . . . .... . . ..... . . .. . . . . .. . 

6 . .. . .. ..... . ... . . . .. . . . . . 

7 ... ..... . . . ...... ... . . . . . 

8 ... .. • . ..• .. . . . • . ..... .. 

9 . .. ........... .. .. . . . . . . . 

10 .. ...•.. . . . . . . .... • • .. . . . 

11. . . . . ... .... • • . 

.12 . . .. . ..... .. . . . 

Concentra t ion 
o! T. Sugars 
Grams per 

100 m l. 

3.65 

-1.25 

4 55 

4 .S5 

5.14 

5 .45 

5 . 75 

6 .05 

7 .25 

8 .50 

0.75 

11.25 

N o. of hours 
to complete 

Fermco tnt ion 

48 

4S 

50 

50 

52 

60 

60 

72 

80 

Te mp. of 
Fer m . 

35 deg. C. 

% Tot al 
Solvents on 

wt . of 
sugars 

24 .75 

27 .74 

27 .30 

27 .12 

22 .85 

10. 10 

7.30 

4 .13 

1. 72 

% Acetone 
on wt. 

of sugars 

5.21 

6.09 

6.12 

6 .22 

5. 20 

2 .50 

2.00 

1.15 

0 .65 

No ferment .. . .... .... .. . . . . . . .. . . . . . ... . . , .. . 
-- --

···· ··· ···· ··· .... ... .... ... j .... ... .... .. . 
- ----- 1-- - ---· · · · · · · · · · · · · =~1~.== 

From a study of th e data in th e above table , it is apparent that 
best r esult s ar e obained when working with sugar concentrations of 
from 4.25 to 4.85 gram s p er 100 ml. of .mash. Fair result s may be 
obtained with concentra t ions 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 concent ra tion of 4.85 gram s 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 c. c. It may 
be observ ed that mashes Nos. 2 and 5 give slightly higher yields per 
sugar un it ; but havin g lower concentrations , the actual weights of 
solvent s obtained p er 100 ml. of mash are smaller. Also th e plant 
~apacity for ferm entation and distilla t ion would have to be larger 
if th ese concentrations were used commerciall y. The yi elds in grams 
and ml. of solvents per 100 ml. of mash in the cases of the best three 
concentrations as r epresented by mash es Nos. 2, 3, and 4 follows : 
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J\Cl. tct al 
OramsT. S. solvents per 

Mash per 100 m l 100 ml . or 
N o. of mas h mash 

2 ............. 1.18 1.48 

3 •• . .. .... .. .. 1.24 1.55 

4 •... . .... . .... 1.3 15 1.65 

A otiv(I)ting Ag ent s.- Anoth er ferm entation t est was run to find 
th e effect of Lamp-Black and Ki eselguhr when used in the prepara­
tion of the mash separatel y, and together , in varying proportions. 
The result s obtain ed ar e shown in the table below: 

M ash No. 

1. ......... . . . 

2 ...••..... . .•. 

3 ....••.... • ... 

4 ...•......... . 

5 ....•• .. ..•... 

6 .. ···· •• ···· .. 

7 .....•........ 

8 ............. . 

9 . .. . ..•....... 

10 ...... . . . .... . 

11. .... . • .•.. ... 

12 ......... . ... . 

13 ......... . .. . . 

14 . ............ . 

15 . . .. . ........ . 

16 ......... . ... . 

T OTAL WEIGHT OF ALL M ASHE S: 1000 GRA MS 

% T. Solids 
OD Wt. 
of M ash 

8.8 

% T. Sugars Lamp- Bla ck 
ou Wt. used 

of Mash Gra ms 

4.8.5 

2 

2 

4 

5 

Ki ese lguhr 
used 

Grams 

2 

5 

2 

3 

4 

5 

'l' otn l 
Solvents 

24 .60 

26.50 

28.50 

25.10 

24 .00 

22.00 

27.70 

27.70 

25.1 0 

25 .10 

25.10 

27.80 

30.00 

28.70 

30 .00 

30.00 

% Bu tnnol 

19 .07 

21.19 

23. 05 

10.41 

18 .68 

16.17 

21.68 

21 85 

19. 10 

JS.95 

18.87 

23.00 

25.4 1 

23.0 1 

24.40 

24.25 
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A perusal of the tab le on page 15 will r eveal at a glance the bene­
ficial effect obtained by the use of the activating agents discussed on 
that page. Th e effect is mor e striking when using both Lamp-Black 
and Kieselguhr together. In case when Lamp-Black is used alone, 
the maximum incr ease in yield of solvents is obtained by using 2 
gram s of this subst ance; and this incr ease 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 acti vat ing agent is used . Using quantities much 
above this maximum give very litt le incr ease, no increase, or even 
deleterious results; for instance, when 5 gra ms lamp-black ,vere used 
the yield of solvent s was actuall y less than when using no activating 
agent- at all . In the case of Kieselgubr alone the maximum increas e 
was obtained when using either 1 or 2 gram s of th e substance; no 
further increase being obtained by using larg er amounts. In this case 
the in crea se in yield amounts to 3.10 per cent on th e 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 tog eth er in the proporti on of two grams of each ; and in 
this case the incr ease amounts to 5.40 per cent on th e weight of 
suga rs , or 21.81 per cent over r esult s obtained wl1en using no activat ­
ing agents. 

These r esult s show that in a commercia l process it would pay to 
use th ese activating substances, as the increas e in yields are remark­
ab lr . especially when using both activating substances together. 

Industrial Possibiliti es.- Th e writer's opinion is that the Bacillus 
At 'E TOilUTYI. JC'Ul\1 discovered and isolat ed by him could ha ve profitable 
industrial 11pplication; and this opinion is based on the following 
facts: 

l. So far there exists no larg e scale produ ction of these solvent& 
using rJ NA L SUGAR HOUSE MOLASSES as the raw mat erial. 

2 . .B.,inal molasses is to-day the cheapest carbohydrate source in the 
rnark et, it s pl' ice in Pu erto Rico being about 3.5 cents a gallon , deliv­
ered at th e var ious mills. A gallon of Puert o Rican final molasses 
contain s an average of six pounds total sugars. 

3. This bacillus is able to produce more yield of solvents per unit 
of sug·ar cont ent of the fermenting medium than any other known 
so far. 

4. 'l'h c bacillu s whi ch is most widely used commercially to-day is 
that of WIEZllfANN , and it produc es butyl alcohol, acetone, and ethyl 
alcohol in th e ratio 6: 3: 1, re spect ively 11si11g corn mash . This bacil­
lu s has not been able to produc e these solvent s profitable from mo-
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lasses mash. 'fh e writer's bacillus produces the se same solvents in 
the ratio 14: 4: 1, respect ively, using final molasses mash of from 
8 to 9 deg. Brix , corr esponding to a sugar concf'lltration of from 
4.5 to 5.0 per cent. 

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

Total solvents ------- -- -- --- 30. 00 per cent; or 1. 95 pounds 
Butyl alcohoL ______________ 22. 31 per cent; or 1. 45 pounds 
Acetone__ _______________ ___ 6. 15 per cent; or 0. 40 pounds 
Et hyl alcohol_ ______________ 1. 54 per cent; or 0.10 pounds 

'J'lie pr esent averag e market value of tl.1e above products, per 
pound. are 10, 9, and 4 cents, respectively, for butyl alcohol, acetone 
and ethyl alcohol. There are good reason s to believe that these 
prices art> at about the lowest possiblt> level and that there exists great 
probability oi' a futur e rise iu all of them. Even at these low pri ces, 
a gallon of sugar factory final molasses would yield a gross value 
of J8.5 cents when used in the production of these solvents . The 
actual total cost of product ion should not exceed 10 cents per gallon 
of molasses ,rorked up , including all expenses. These expenses may 
be lowered considera bly by working the process as an adjunct to a 
sugar factory. wher e cheap fuel in the form of bagasse would be 
availabl e and where no transportation charges would have to be paid 
on the molasses used. 
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PART II 

NORMAL BUTYRIC ACID FROM WASTE MOLASSES 

Butyric Acid is a Val1table and I rnportant Acid .-Butyric acid is 
one of the most valuable aliphatic acids used commercially. Its steady 
price offers a strikin g contrast wit h the declin ing values that have 
been prevalent in the mark et for chemica l products during the last 
four or five years. Th e pr0~ent carload price in the United States 
for this commodity is 80 ce1,ts per pound on the basis of 100 per 
cent acid. 



476 THE JO URNAL OF AORTCUl/l'UIH,; OP THE UNIVER~ ITY OF P. H. 

This attra.ctive price led us to investigate the possibility of pro­
-ducing this organ ic acid from cane factory wm;te molasses b:v micro­
biologica l methods. 'rhe success obtained in our previous investiga­
tion on the production of butanol and acetone by simila r method;,, 
,encouraged us to try this new study. 

Diffic1ilties Enco1inte1·ecl by Pr evioiis Investigators.-Altbough fer­
mentation processes leading to the production of organic acids have 
been practiced before the beginning of civilizat ion, the mechanism 
whereby these processes took place on the agents responsible for them 
were utterl~· ignored. 'rI1e produ ction of butyric acid. the agent 
responsible for rancid butter, remained in the situ at ion common to 
.all these processes until Pasteur recognized the butyric fermentation 
.as a well defined micr obiological phenom enon; describing this fer­
mentation as an anaerobic process before the Academy of Science 
in Paris , 1861. 

Since this date , many groups of these organisms have been found. 
and their products of fermentation studied by sever al well-known 
in vestigators, among which we may mention Kirov; Baier: Fitz; 
Winogradsky; Buchner and :Meisemheimer. These men of science 
agreed in that the .formation of butyric acid by fermentat ion when 
using the organisms known to them. was generally accompanied by 
secondary reactions , producers of a vru:iety of other substances. For 
iLstance , Buchner and l\Ieisenheimer, when working with the "Bacil­
lus Butyricus" 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 gram s acetic acicl; ancl 26 grams butyric acid. 

Recently , the chemists U. 'r. Herrick and 0. E. May of the De­
partm<.>11t of Agriculture, Washington. D. C., published a circular 
on the productio~f organic acids by fel'mentat ion in which they 
opined th'at the butyric fermentation has not been applied indus­
trially in commercial magnitude due to the great variety of sub­
stances , other than butyric acid produced dming the fermentation. 

The pat ent litera tur e describes some processes which give the 
impression that the work has been done in decidedly empirical form. 
In some cases it is really di!fficult to und erstand how a patent could 
be secured on snch vague, indefinite and entire ly unscientific data . 

Attac"Ming the Problem.-Having acquired from the literature a 
knowledge of the butyric fermentation, whose synopsis is given above, 
we resolved to attack the problem of butyric acid production from 
waste or " ·nnal" sugar factory molasses. using a native bacillu s. 
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The Bacillus is Found .- At the time of our determination to work 
on the but>Tic fermentat ion, we ,,·ere pr epar:ing a seri es of extra cts 
from the .Annatto Se~Bixa Orellana ) that were to be sent to tht 
Chicago Fair. A few seeds left over the week end in a test tu lJe 
with dist illed water to which a littl e sodium carbonate ha<l been 
added , were found on next 1\fouda>· morning in a very active state 
of ferme ntation. On further examina t ion it "·as fonnd that the fer­
menting liquid had turned from an alkalin e t o a decided acid reac­
tion. Moreover, a strong butyri c acid scent could be noticed . W e 
had found the organism needed for our in tend ed "·ork on waste ­
molasses. 

01tr Prel!imvinary W01·k.- We had learned .from the experience of. 
previous worker s in this :field, that. the probl em of th e commercial 
production of butyric acid by microbiological methods would be pra c­
ti cally solved with the discover y of a fermenting organism capaule 
of producing the desir ed fermentation free of th e secondary pr oducts 
obtained when working with organism!'! alr eady known. 

H ence, our greatest inter est , once the bacillu s was found, was to 
:find out whether or not the organism would satisfy the requir ements 
as to yield and purity of the main produ ct of fermentation. So, as 
soon as we had enough quantit y of the product . an ana lysis was 
made to dete rmi ne it s degrees of purity. 'l'he r esult s were so highly 
satisfactory that a duplicat e sample was sent to the Bur eau of Chem­
istry of the Department of .Agricultur e. Washington , D. C. The 
sample " ·as sent in the form of the barium salt of the acid. The 
repor t received from th at pepartment stated that the product was 
practically ent ir ely bu tyra te of barium , and that th e free acid showed 
a high degree of pu ri ty . 

These r esult s were, of cour se, sufficient to give a great technical 
and commer cial interest to our bacillus; for we had learn ed that 
the inhibiting fa ctor militating again st th eir commercia l app lication , 
was the heterogenous product of ferm entat ion found when workin g 
with other butyric ferments . 

0 th.rt· Pertin ent Fmcts Found to Date.- .As stated in our in troduc­
tion th iis invest igation is mer ely startin g, so no de:6.nite data is avail­
able as yei. But fr om ll"hat has been done to dat e, the following 
additional fact s may be stated: 

1. 'rhe organi sm is exceptionally vigorou s, and has shown itself 
capa bl<> of competing with other organisms that may gain access to 
tbc fermenti ng liquid . This may indi cate that an absolut ely pure 
cnlt m·e is not indi spensa ble for th e growth, development, and acid 
pr oductio n of th r or~an isrn. From a commercia l standpoint this is 
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kn import ant factor favoring the organism; for the difficulties en-
~ 

countered in p lant work in the prevention of contaminations in pure 
cultures are only too well known. 

2. The organ ism is facultative anaerobic. This is another point 
of great technical importance, for strict anaero be s bring great dif­
ficultie s of a technical nature, besides compli cat ions of equipmen t 
when an effort is made towards their commercial exploit ation. 

3. We have not determ ined . as yet the optimum conditions of 
fermentati on, nor the maximum obtainable yields of acid; but in 
the pr eliminary tests effected up to this time, the yields of acid have 
varied between 30 and 40 per cent in round numbers. These yields 
have been calculat ed on the weight of total suga rs contained in the 
fermenting mass. 

4. Accepting an averag e valu e 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. 

F'inale.-As closing words I wish to expr ess my firm convict ion 
in the glorious future awaiting fermentat ion processes in the field 
of modern in dustria l chemistry, and especially in their application 
to carbohydrat e materia ls. In deed, many of our more important 
organic chemical products will be manufac tur ed in a not remote 
future by methods of industrial microbiology. 

The beautifu l islands of the Caribbean offer unexplored treas­
ures in their microbiological flora, and ar e destined to become gr eat 
chemical laboratories of the future where fermentation industri es will 
be predominant; and the futur e of our great sugar indu stry will be 
most intima tely connected with such methods of manufa cture. 

Pat ent will be applied for by the aut hor . 
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