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2,3-BUTYLENE GLYCOL AS A FERMENTATION BY-PRODUCT FROM
CITRUS WASTES

SteRLING K. LoNG AND RoGeER PATRICK
Citrus Experiment Station
Lake Alfred

The compound, 2,3-butylene glycol, can
be produced by bacterial fermentation from
almost any sugar source under the proper
conditions, however, cost is an important fac-
tor. During World War II this fermentation
was studied intensively and developed through
the pilot plant stage using wheat as a
substrate (9). The fermentation never be-
came of industrial importance because of the
high cost of wheat.

In past years studies on citrus wastes have
indicated the suitability of these liquors for
fermentation. Some of the products obtained in
this manner include ethyl alcohol, feed yeast
(8), and citrus vinegar (4). Similarly, the use
of these wastes as sugar sources for the 2,
3-butylene glycol fermentation has much to
recommend it. Disposal of liquid citrus can-
nery wastes is a difficult and expensive prob-
lem of the processing industry and, with
expected increased production, will become
even more so. At present the primary method
of disposal is through manufacture of citrus
molasses. It is felt that fermentation of these
wastes to compounds of potentially greater
marketability and profit to the processor, e.g.,
butylene glycol, may be a more satisfactory
answer to the disposal problem. This study
was designed to provide the basis for com-
mercial production of 2,3-butylene glycol
from citrus wastes,

MATERIALS AND METHODS

Cultures. — Two known butylene glycol-
producing organisms and one soil isolate were
used in this study. Bacillus polymyxa NRRL-
B-510 and Aerobacter aerogenes B-199 were
obtained from the Northern Regional Research
Laboratory, Peoria. The soil isolate, a species
of Aerobacter, designated A-101, was obtain-
ed in the vicinity of a citrus feed mill. A. aero-
genes B-199 and culture A-101 were markedly
similar in rapidity of fermentation and quan-
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tity of glycol produced and may be considered
equivalent in all other aspects.

Preparation of starter cultures. — All stock
cultures were maintained on nutrent agar
slants. Prior to use, the cultures were activated
by transfer to fresh nutrient agar slants at
18-24 hr. intervals with incubation at 30°C.
Cultures were then acclimatized to the sub-
strate by one or more transfers to citrus press
liquor or diluted molasses agar slants, These
media consisted of the following: plain citrus
press liquor (8-12° Brix) or citrus molasses
(diluted to 20° Brix) containing 0.3 per cent
yeast extract and 2.0 per cent agar, The
media were adjusted to pH 7.0-7.5 with 10N
NaOH before sterilization which gave a final
pH of 6.5-7.0 after sterilization. After obtain-
ing vigorous growth on either of these media
a final transfer was made and incubated for
18-20 hr, at 30°C. This growth was suspend-
ed in sterile water and transferred to 1-L
Erlenmeyer flasks containing 300 ml of molas-
ses or press liquor medium. Flasks were in-
cubated on a reciprocating shaker at 30°C.
for 12-18 hr. and transferred to the fermenta-
tion substrate at a rate of 5-7 per cent (v/v).

Fermenter. — Fermentations were run in a
15-L fermenter containing a total volume of
13.4-1, (12.5-L substrate -}0.9-L starter cul-
ture). The fermenter was constructed entire-
ly of glass and stainless steel (Figure 1). The
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Fig. 1. Schematic diagram of fermenter.
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various environmental conditions affecting the
fermentation, e.g., aeration, stirring, and tem-
perature were controlled by appropriate de-
vices, Optimum pH for fermentation was main-
tained by addition of 10N NaOH and foaming
was prevented by addition of Dow-Corning
Antifoam B at predetermined intervals and
dosing rates.

Fermentation substrate. — The medium
found most favorable to good glycol produc-
tion by all species, with low residual sugar,
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consisted of 20° Brix citrus molasses or press
liquor. These concentrations were obtained by
dilution or concentration as required. The
12.5-L quantities of either of these substrates
employed per fermentation run were sterilized
at 121°C. for 30 minutes, After cooling, 0.4
per cent urea was added, the pH adjusted to
6.2, and the starter culture was added.

Miscellaneous determinations. — The effect
of a number of variables upon the efficiency
of the fermentations were determined includ-
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Fig. 2....Effect of aeration upon production of 2,3-butylens glycol by Aerobacter spp.

Table 1, Effect of sugar concentration on glycol production
Type Total  Maximum glycol Fermentation Residual
substrate © Brix  sugar® produced time sugar
per cent per cent hr per cent

Press liquor ‘ 10 7-10 1.3-2.4 24 0.8-1.9
Press liquor (cone,) 20 21-22 £e9=5.3 5664, 14=2,2
Molasses 20 17-21 4.8-4.9 48 3.0-3.1
Molasses 25 23 5.7 W 3.8
Molagses - 30 3 0 48 25,0
Culture: Aerobacter spp. #4-101
Basal medium: KH3PO,, 0.28; urea, 0.4%
Aeration rate: 1,000 ml/min
Stirring rate: 420 rpm

* potal carbohydrates: sugars and polysaccharides calculated as glucose,
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ing volume of inoculum, aeration rate, stir-
ring rate, temperature, nitrogen source and
quantity, sugar concentration, pH, buffers, and
mineral supplementation of the substrate.

Analytical methods. — The course of the
fermentation was followed by periodic analysis
of the substrate for total sugar by the method
of Morris (6) and for 2,3-butylene glycol
content by the method of Desnuelle and
Naudet (2).

Recovery of glycol from fermentation beer.—
Two characteristics of 2,3-butylene glycol
make recovery of this compound from the
fermentation beer rather difficult. Butylene
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glycol has a high boiling range (180-182°C.)
which results in development of a number of
problems when direct distillation is attempted.
The extreme water-solubility of the glycol
also interferes with solvent extraction as a
method of recovery.

Two methods were employed for recovery
of glycol. Distillation of glycol at atmos-
pheric pressure was attempted but was
found to be unsatisfactory due to charring
of the residual sugar in the beer and
subsequent binding of the glycol. Distillation
under reduced pressure (25 mm) using glyc-
erol as a supporting solvent was more satis-

factory.

Table 2, Effect of sugar concentration on glycol production
Type Total Maximm glycol Fermentation Residual
substrate © Brix sugar® produced time sugar
per cent ber cent hr per cent
Molasses 20 17.5 4e2 40 2.4
Molasses 20 17.c 2.3 48 L5
Molagses 20 17.8 3.5 48 2.1
Molasses 20 22,0 4o 46 3.2
Culture: EBacillus polymyxa B-510
Basal medium: wures, O,
Aeration rate: 1,500 ml/min
Stirring rate: 420 rpm
* Total carbohydrates: sugsrs and polysaccharides calculsted as glucose,
Table 3, Liquid-liquid extraction of 2,3-butylene glycol
Glycol content % of original
of beer (%) Treatment Solvent glyécl extracted
b None Chloroforn 20.8
WA Filtration, pH 3.0 Chloroform 27.7
b None Ethyl acetate 11,6
Led pH 3.0, 3% NaCl Ethyl acetate 32,8
Lo pH 3.0, 3% NaCl, filtered Ethyl acetate 35.0
2,25 Two-fold conc,, 3% NaCl, Ethyl acetate 63.4
extract 2X
2,6 15% NaCl, filtered Ethyl acetate 50,0 -
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Table 4. Physical characteristics of 2,3-butylene glycol
Source/ Boiling Refractive Optical
reference range index rotation.
1o}
dsrobacter spp. 4101  180-162° ¢ & = 14332 LaI?*® = 0,88
Commercial o
(Tech,) redistilled 180-1820 ¢ md2 =14359 [J2* - g0
Morell and
Auerheimer (5) 18180 ¢ e =138 [P = a0
o
Clendenning (1) -- me = 1436 [£]° =080
Freeman (3) 1830 © Bl = 14m [«]2F = 1.s00
B. polymyxa B-510 180-1820 ¢ w82 = 1435 [L]2° =100
B. rolymyxa B-510 160-1820 ¢ 82 = 1434 L[LJZF° =g
Neish (7) 180-1820 ¢ n® = 1438 [dCIZ° 13,30
Counter-current liquid-liquid extraction was Sugar concentration. — The term “sugar”

also attempted using chloroform or ethyl ace-
tate as extracting solvents in a York-Scheibel
Multi-Stage Liquid-Liquid Extractor.

ResuLTs anp Discussion

Starter cultures. — Prior adaptation of B,
polymyxa and Aerobacter cultures to mo-
lasses or press liquor exhibited only slight ef-
fect on maximum glycol production but con-
tributed to a shortened lag period and in-
creased rate of fermentation. Only slight differ-
ences in rate and extent of growth of the cul-
tures were found upon varying the sugar
concentration of media between 8° and 20°
Brix. Both yeast extract and urea were ade-
quate nitrogen sources for growth of slant
and starter cultures although yeast extract
was preferred due to its heat stability. The
volume of shake culture medium had no ap-
preciable effect upon the rate or quantity
of growth of starter cultures. Addition of
buffers, e.g., CaCO, to molasses or press
liquor agar slants and shake cultures was
found to be unnecessary and had little effect
upon quantity of growth of the cultures for
the relatively short incubation periods em-
ployed. Initial adjustment of the media to
pPH 6.5-7.0 was adequate for growth of these
cultures.

used in this discussion refers to total carbo-
hydrates (sugars and polysaccharides). Al-
though single-strength press liquor contained
sufficient sugar for fermentation by Aerobacter
spp. {Table 1), higher sugar concentrations
were considered desirable due to an increased
amount of glycol produced which gave greater
efficiency in recovery. The sugar concentra-
tion giving the best glycol production (Aero-
bacter—4.8-5.3 per cent in 48-64 hr., B.
polymyxa — 3.5-4.4 per -cent in 40-48 hr.)
for both cultures was approximately 17-22
per cent and was obtained by diluting mo-
lasses or concentrating press liquor to 20°
Brix. It should be noted that use of °Brix
as the sole means of measuring sugar content
of press liquor or molasses can be misleading
due to the high content of dissolved solids
other than sugars, however it was a convenient
and relatively reproducible means of diluting
molasses. Residual sugar was somewhat greater
and maximum glycol content lower for B.
polymyxa (Table 2) than for Aerobacter cul-
tures, A 25 per cent sugar content gave slightly
better glycol production but with a higher
sugar residue, A sugar concentration of 35 per-
cent apparently was excessive for all cultures
since glycol could not be detected after 48 hr.
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Nitrogen supply. — A number of compounds
were tested for suitability as sources of nitro-
gen for these cultures. Yeast extract, 0.3 per
cent, permitted vigorous growth of all cultures
and good glycol production by the Aerobacter
cultures but gave a low maximum glycol with
B. polymyxa. This supplement would, how-
ever, be impractical in large scale operations
due to cost. Ammonium hydroxide, used with
the dual purpose of maintaining optimum pH
as well as supplying nitrogen, was uniformly
unsuccessful. Inorganic nitrogen, e.g., NaNO,,
gave poor glycol production with high levels
of residual sugar. Ammonium phosphate was
also unfavorable for glycol production although
residual sugar was low after 65 hr. Urea was
found to be the most satisfactory nitrogen
source for all cultures at a concentration of
0.4 per cent, It should be further noted that
somewhat greater glycol levels were obtained
using an ordinary urea-containing fertilizer
than with reagent or technical grades of this
compound,

Mineral supplements. — Addition of MgSO,,
CaCl,, NaCl, CuSO,, ZnSO,, and FeSO, had
no effect upon the fermentation in terms of
sugar utilized or glycol produced. Apparently
adequate concentrations of these minerals were
naturally present in press liquor and molasses.

pH. — Calcium carbonate, as a buffer, re-
sulted in reduced glycol levels and high sugar
residues for all species. Satisfactory pH control,
within the optimum range 6.0-8.2, was ob-
“tained by periodic adjustment with 10N
NaOH. This treatment gave low total fermen-
tation times and lower sugar residues. Main.
tenance of pH within the optimum was a
problem only during the early, very active
stages of the fermentation and generally oc-
curred within 6-24 hr. after starting. As pro-
duetion of glycol approached a maximum and
began to level off, the pH of the fermentation
beer increased slowly and frequently attained
PH 7.2 and above. Without periodic adjust-
ment, the pH of the fermentation fell rapidly
to a minimum of 5.2 to 5.5, resulting in in-
hibition of the organisms and, consequently,
reduced rate of glycol formation.

Temperature. — Temperature had much the
same effect upon B. polymyxa as upon the
Aerobacter cultures. The optimum tempera-
ture for efficient fermentation was 28°-30°C.
Variation of 5°C. above or below this optimum
resulted in a marked decrease in total glycol
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production, as well as an increase in the
termentation time by 6-8 hr.

Stirring and aeration. — Rate of stirring of
the fermentation was not critical for any of
the cultures. Agitation sufficient to provide
good mixing of the medium and to aid in air
dispersion and retention was adequate. In gen-
eral, a stirring rate of 420 rpm was satisfac-
tory. As would be expected, the agitation sup-
plied by aeration alone was vigorous but
proved to be inadequate and was reflected
in reduced glycol formation. High stirring or
aeration rates were undesirable due to increas-
ed foaming which necessitated addition of
large amounts of antifoam to prevent loss of
medium. At the rate employed (420 rpm),
foaming was no problem.

While aeration was required for maximum
production of glycol by Aerobacter spp., vari-
ation in rate over a broad range had little
effect upon total yields (Figure 2). The most
effective range approximated 500-1,500 ml/
min, with a commonly employed rate of 1,000
ml/min. Aeration in the range of 2,000 ml/
min resulted in a slight decrease in glycol but
with a low sugar residue. B. polymyxa was
less tolerant of variation in aeration rate with
an optimum of approximately 1,500 ml/min.
Reduced or increased rates resulted in de-
creased production of glycol. In the absence
of aeration, stirring alone was inadequate for
glycol formation by Aeobacter and B. poly-
myxa cultures.

Aeration also seemed to play some part in
the rapid conversion of glycol to acetoin after
the sugar concentration of the medium reached
a given minimum level, The concentration at
which this phenomenon was observed de-
pended upon the initial sugar level of the
medium, and consequently, upon the maximum
level of glycol attained. In the presence of
high concentrations of sugar with low levels
of glycol, conversion to glycol proceeded
normally. When the concentration of glycol
exceeded that of the sugar, however, glycol
concentration progressively decreased while
apparent sugar content increased. In runs
in which low initial levels of sugar were em-
ployed, glycol content of the beer rarely ex-
ceeded the residual sugar and competition
was not evident,

Recovery of glycol. — Distillation of glycol
from the fermentation mixture was useful for
obtaining samples for" analysis but would be
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impractical for large-scale operations. Dehy-
dration of the beer prior to distillation of the
glycol (boiling range 180°-182°C) produces
a thick gummy mass composed essentially of
glycol and residual sugar which interfered
with further distillation. Continued heating,
sufficient to remove all glycol, resulted in
formation of a vitreous char of sugar which
was difficult to remove from the apparatus.
Addition of glycerol to the beer, as a support-
ing solvent, aided in maintaining a liquid state
but had no effect upon charring, The same
difficulties were encountered with distillation
under reduced pressure (25mm).

Liquid-liquid extraction of glycol from the
fermentation beer seems to be the most prom-
ising method of recovery (Table 3) although
the percentage of glycol extracted was very
low. Adjustment of the pH of the beer and
addition of NaCl have resulted in increased
recovery although considerable improvement
in percentage recovery will be required to
give the method commercial application.

Physical characteristics of fermentation gly-
col. — As would be expected, the technique
employed for distillation and fractionation of
the glycol had a marked effect upon the phys.-
ical properties of the compound. While the
boiling range of the major fraction of the
glycol was 180°-182° C., significant quantities
distilled at 177°-180°C., presumably due to
contaminants or mixtures of isomers, This may
account for the variation in characteristics re-
ported by other workers (Table 4). In the
glycol obtained from Aerobacter spp., there is
no doubt that mixtures of dextro- and meso-
isomers are always obtained since approx-
imately only 1°C, difference in boiling range
is found between the isomers,

The glycol obtained from B. polymyxa cul-
tures appeared to be the pure levorotatory
isomer (Table 4) which is in agreement with
the results of Neish (6). Considerable varia-
tion in degree of optical rotation was observed
for samples of this glycol from different
fermentation runs, No explanation can be
offered for this apparent discrepancy, however
it seems unlikely that it was due to variation
in technique since all samples were treated
in the same manner. This problem is being
subjected to further investigation.

SUMMARY
Citrus molasses and press liquor were
found to be excellent substrates for 2,3-butyl-
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ene glycol fermentation by two Aerobacter
species and Bacillus polymyxa. Prior adaption
of cultures to these substrates had little effect
upon total glycol production although the in-
itial lag period was decreased by this treat-
ment. High aeration rates and stirring were
required for maximum glycol production by
Aerobacter spp, although rates were not crit-
ical. Bacillus polymyxa was less tolerant of
variation in aeration rate with an optimum of
approximately 1,500 ml/min, The most favor-
able sugar concentration in the fermentation
medium was approximately 17-22 per cent.
The optimum temperature for fermentation
was 29°-80°C. The substrates used for the
fermentation were deficient in nitrogen, and
of the sources tested, yeast extract or urea
were the most satisfactory supplements, Use
of CaCO, as a buffer resulted in decreased
glycol production by all species while addition
of NaOH to control pH exhibited no adverse
effects on the fermentation. Recovery of gly-
col by direct distillation of the fermentation
beer was successful although unsatisfactory
due to charring. Continuous liquid-liquid ex-
traction using ethyl acetate appears to be the
most promising method of recovery. Aero-
bacter spp. produced a mixture of dextro- and
meso- rotatory 2,3-butylene glycol while B.
polymyxa produced only the levo-isomer. The
degree of optical rotation was variable be-
tween samples of like isomers.
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