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The effect of some fermemntation conditions as well as. e role off some sdiditimes on e prodioxticm off seetome tutanoil by
a local strain of C. acetoburylictom were studied. Masimann solverst wisld wos altaimed gl 5.5, sffiord dips imaidmtion,
using 10 ml snoculum, 43.25x10 cells amd 24 I old culhwe. Adifition of acsiic o and htgric sod seprtelly andiim
mixture increased the solvent productivity by 104, 9.4 and LL.6%, meypectively. Propionic add att coneemttaiom aff
20m mol produced the highest yield of solvemts., Om the otiher fyamd! Satmalidtdipdiz att lowarameentiation bad o effeetramd

at higher concentrations decreased the solvent yicld sharplly.
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Introduction

Acetone-butanol preduction by Clastridimm acetoltylicum
due 1o its economic importance has been studied memsively
during the past few decades. The influence of pH of the
fermentation medium has been recognized as key factor im
determining the outcome of the process. Several studiies
reported that cultures maintained at high pH values produced
mainly acids, while at lower pH the solvemt productiom
usually predominated (Jones and Woods 1986). However, i
pH range over which solvent formation may occur appeans to
vary quite widely depending on the particolar straim amd the
culture conditions used. C. acetobutylictm has beem reponted
to produce good yield of solvents over a wide ramge off pH
(4.5-6.0) (Geng and Park 1993). The same autiors foumd that
optimum pH for solvent production by the experimental
organism was 5.5. This value was higher wien compared
with the optimum pH (4.3 to 4.5) for C. acetobunylicumn DSM
strains (Nishio et al 1983).

Acetic and butyric acids are produced during the acidogenic
growth phase and induce the solvent formation im the secomdl
phase. They act as co-substrates and comtrol the amommt of
solvents produced (Fond er al 1985). Also these acids are: by
their nature toxic to the cell. It has been suggested that the
shift to solvent production in C. acetobutylicwm is am
adaptive response of the cefl to inhibitory efiects produced
by acid end products (Bahl er al 1982). The shift to solvemt
production appears to act as a detoxification mechamism
which allows the cell to avoid the imhibitory effiects wihem

acid end products reach toxic fevels. The matio of end -

metabolites depends vpon acetic and butyric acid quantities
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produned dummg e fonmemttion, In contnasit to acetic acid], -
winich specifficallly immeases acetome flomxtiom. i acd
mcnenses ot scetome oodl butanoll fonmatiom (E-Ammewm
et alf 19%T).

Matterialls smd Metfoods
fixcmaonganisan awdl audiime condiiomns. The brctenium wsed
mdhsmnﬂlymmhmﬂﬁmm[tmﬂlmﬂmm;ﬁ:mﬁtmﬁmm

(e nfiizmspinene off team awoonding o Wiz metod and)
adopting successive heat shocking (Catmm 1979)).

Imoomlia wene prepunad by adidime 02 mill off gpone suspensiom
tw 10 mll off potato-dinsese medinm im ansenotiie tlbes witth
contaims the folllowimg meredients (@ D wetl potato mash
Mgﬂmi (NHL), S0, 3;; CaCO, 1.5 amd] cysteine
Iy dirachlonidie 0.5. The pH was adjiusted to 5.5 poior to
m:w&nmrg e sypome saspemsion was et shocked] ot
100 fior 2 mvim. Thits callme was nsed to ool (57 wiv)
50 mill of potato-ghioose mediom im a 100) mil soum boetdiz.
maimtmed! by sweepime oxymem-foe mittogem gs aooss the
surface off e celiure acoondime to die metiod of Bingue
(1969). For femmentation, 150 o] s bettilss comtaning 100
mll of the fementation medinm of e folloving compositiom
(/) wene et came-suymarmolbsses 100 (NH), S0, % CaCl0),
11.55; mice bnam 5 comn 5 comn fmam, 5. Cullunes: were: contimun-
ouslly wentied tio prevent he huiidup of gas pressure:, The hettiiss
were imculrated at 32°C. Feomentaticn condifiions wene
owever chameed acoondiieg o ihe objpetive off the paticuibr

euperiEent.
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Analytical methods. Solvents (acetone and butanol) were
determined using a gas chromotograph (Hewlett-Packard
5890) equipped with a flame ionization detector and an
autolinear temperature programmer after the pH of the
sample was decreased below 1.8 by adding 4N HCI. The
column was packed with 6.6% carbowax 2.0M 80/120
Carbopack BAW. Nitrogen was used as the carrier gas. The
gas chromatograph oven temperature was programmed
from 120°C to 180°C. The temperatures of the injector and
the detector were controlled at 180°C and 200°C, respectively
(Geng and Park 1993). Reducing and non-reducing sugars of
molasses were determined before and after acid hydrolysis

whereas the total sugar content in the fermentation liquor was

determined after hydrolysis according to the modified
Schoor!l’s method (1929).

pH-relations. Aliquots of the basal medium were initially
adjusted either with IN solutions of HCI or NaOH to pH
values ranging from 4.5 to to 7.5. All pH adjustments were
carried out using PYE-UNICAM pH-meter.

Effect of the cultivation conditions. The incubation
period. In this experiment solvent yields were determined at
different time intervals ranging from 18-144 h.

Inoculum size. This experiment was carried out to study
the effect of inoculating the fermentation medium with
different inoculum sizes which ranged from 3 to 12 ml
inoculum containing 43.25x10 cells m 1! (using Haema
cyto-meter MNK-400H).

Inoculum age. The effect of inoculum age on acetone-
butanol production was studied by inoculating the fermenta-
tion medium with 10% inoculum of C. acetobutylicum at
different ages.

Response to some additives. In the present series of experi-
ments, the ability of the experimental organism to produce
acetone-butanol was investigated when it was cultivated on
the fermentation medium and fortified with various tested
additives i.e. acetic acid (1-7 g I'"), butyric acid (0.5-9 g I'!)
pyruvic acid (5-25 m mol), propionic acid (5-40 m mol) and
butraldehyde (1-14 m mol).

Results and Discussion

pH-relations. The initial pH of the fermentation medium
exerts a noticeable effect on the solvent yield. Maximum
solvent production (16.27 g 1-") and the highest value of sugar
consumption (49.5 g I'') were obtained at pH 5.5 (Fig 1). The
optimum pH for solvent production was similar to that for
C. acetobutylicum 1AM 19012 (Taya et al 1985) and was
higher as compared to the optimum pH 4.3 to 4.5 for
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C. acetobutylicum ATCC 824 (Monot et al 1983, 1984) and
C. acetobutylicum DSM strains (Nishio et al 1983).

Effect of the incubation period. The results of this investi-
gation (Fig 2) showed that acetone-butanol production is time
dependent. The highest solvent yield (18.56 g I"') was at-
tained after 4 days of incubation. These results are in accor-
dance with those of Quratulain er al (1995) who found that
the optimum solvent yield was achieved after 4 days of incu-
bation using molasses 60g I"' (12%). In another study using
synthetic medium containing glucose (62 g 1), the maxi-
mum output of solvents was achieved after only 30 h of incu-
bation.

Effect of inoculum size. Results (Fig 3) showed that the
total solvent yield increased with the increase of the inoculum
size, reaching an optimum value at inoculum size of 43.25x10
cell per 10 ml inoculum. The inoculum size has been reported
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Fig. 1 Effect of the pH of the fermentation medium on acetone-butanol
production by Clostridium acetobutylicum. (B, acetone; C, butanol; D, total
solvents; E, residual sugar).
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Fig. 2 Effect of the incubation period on acetone-butanol production
by C. acetobutylicum. (B, acetone; C, butanol; D, total solvents; E, residual
sugar).
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Fig. 3 Effect of inoculum size on acetone-butanol by C. acetobutylicum.

Table 1
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Effect of acetic acid addition on acetone-butanol

production by C. acetobutylicum

Acetic Final  Acetone Butanol Total Residual
acid pH (mg 100mi') (mg 100ml") solvents sugars
g1’ (mg 100ml") (g 100ml)
1 4.98 689 1552 2241 1.06

2 5.38 689 1631 2320 0.95

3 5.49 689 1593 2282 1.23

4 541 689 1433 2122 1.42

5 5.52 681 1355 2036 1.55

6 5.38 681 1276 1957 1.62

7 5.53 450 453 903 4.65
Control 4.92 616 1414 2030 1.15

(B. acetone; C, butanol; D, total solvents; E, residual sugar).
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Fig. 4 Effect of inoculum age on acetone-butanol by C. acetobutylicum.
(B, acetone; C, butanol; D, total solvents; E, residual sugar).

to be within the range of 5% (Welsh et al 1987) to 10% (v/v)
(Rao and Mutharasan 1988; Larrayoz and Puigjaner 1987;
Fond and Engasser 1986).

Effect of inoculum age. The data (Fig 4) showed that the
optimum solvent yield (18.56 g I'') was obtained using 24 h
old culture. On the other hand, sharp decrease in solvent
output was recorded on using inoculum older than 24 h. In
agreement with these results, the optimum age of inoculum
was reported to be 24 h by many workers (Davies and
Stephenson 1941; Holtet al 1984; Geng and Park 1993; Fond
and Engasser 1986).

Response to some additives. A series of experiments
were made using different levels of acetic and butyric acids
separately and in mixture (Tables 1, 2, 3) to assess their
effects on the solvent yield. The results revealed that
the optimum concentrations of acetic and butyric acids were
2 and 0.5 g I'' respectively when added separately and were 2
and 5 g I, respectively in mixture. These concentrations

Medium composition (g 1", wv''): molasses, 140; (NH,), 50,,2; CaCO,, I;
rice bran, 5; corn bran, 5; cysteine; hydrochloride, 0.7; at pH 5.5; incuba-
tion period, 4 days at 32°C; control, without acetic acid.

Table 2
Effect of butyric acid addition on acetone-butanol
production by C. acetobutylicum

Butyric Final  Acetone Butanol Total Residual
acid pH (mg 100ml") (mg 100ml") solvents sugars
el (mg 100ml*) (g 100ml™)
0.5 5.04 703 1671 2374 0.7

1 5.04 696 1672 2368 0.98
2 =3 b 696 1572 2268 1.12
3 5.13 689 1375 2064 2.38
4 5.16 372 835 1207 4.62
5 5.34 225 604 829 5.28
6 5.21 152 510 662 5.74
7 5.29 106 489 595 6.02
8 5.25 34 386 420 6.58
9 5.30 34 176 210 6.83
Control 4.92 616 1414 2030 1.15

Medium compesition (g1°', wv): molasses, 140; (NH,), SO,, 2; CaCO,, I; rice
bran, 5; comn bran, 5; cysteine hydrochloride, 0.7; at pH 5.5; incubation period,
4 days at 32°C; control: without butyric acid.

afforded solvent yields of 35, 34.7, 35.4%g solvent per gram
of sugar, respectively (compared with control 31.7%). The
increase in productivity was 10.4, 9.4, 11.6% respectively.
Our results agreed with those of Martin ez al 1983, who found
that the addition of acetic acid at concentration of 2 gl' toa
culture of C. acetobutylicum with a solvent yield on glucose
of 32% resulted in a yield of 34%. Addition of butyric
acid (2 g I") increases the production of all solvents to give
an overall yield of 35%. The addition of both butyric and
acetic acids (2 g I each), gave a solvent yield of 34.7%.
Datta and Zeikus (1985) reported that, the optimum initial
cuncentrations were found to be about 2 g of acetic acid and
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Table 3
Effect of addition of acetic and butyric acids on
acetone-butanol production by C. acetobutylicum
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Table 5
Effect of butyraldehyde addition on acetone-butanol
production by C. acetobutylicum

Butyric  Final Acetone Butanol Total Residual Butyral- Final  Acetone Butanol Total Residual
acid pH (mg 100ml') (mg 100ml') solvents sugars dehyde pH (mg 100mI") (g 100ml') solvents sugars
(el) (mg 100mI") (g 100ml™") {(m mol) (mg 100ml") (g 100mI")
0.5+0.5 5.05 668 1554 2222 1.13 1 496 616 1414 - 2030 115

Lkl 595 703 1552 2255 1.13 2 490 616 1446 2062 1.06
241 519 661 1614 2275 1.12 3 4.66 390 446 8.36 4.2
250 ' 533 " 667 1648 2315 1.07 4 4.68 369 387 756 4.7
3415 526 626 1231 1857 2.28 6 472 218 468 686 4.92
343 544 613 1556 2169 1.26 8 475 203 469 672 5.02
442 549 675 1615 2290 1.12 10 477 161 411 572 5.18
4+4 577 409 793 1202 4.68 12 478 119 273 392 5.45
542 550 681 1653 2334 0.98 14 4.68 112 213 325 5.71
545 551 576 864 1440 3.78 Control 4.92 616 1414 2030 1.15
6+3 5.26 64 274 338 6.89 Medium composition (g1, wv'): molasses, 140; (NH,),S0,, 2; CaCO,, 1
6+6 533 34 118 152 7.14 rice bran, 5; comn bran, 5; cysteine hydrochloride, 0.7; at pH 5.5; incubation
Control 4.02 616 1414 2030 115 period, 4 days at 32°C; control: without butyraldehyde.

Medium composition (g 1!, wv''): molasses, 140; (NH,), SO,, 2; CaCO,, I;
rice bran, 5; corn bran, 5; cysteine; hydrochloride, 0.7; at pH 5.5; incuba-
tion period, 4 days at 32°C; control, without acetic and butyric acids.

Table 4
Effect of propionic acid addition on acetone-butanol
production by C. acetobutylicum

Propionic Final Acetone Butanol Total Residual
acid pH (mg 100ml") (mg 100ml') solvents sugars
(m mol) (mg 100ml") (g 100ml?")
5 4.84 655 1516 2171 1.08
10 4.82 681 1594 2275 0.83
15 4.96 681 1613 2294 0.69
20 4.96 681 1632 2313 1.12
25 5.07 538 1279 1817 2.35
30 5.18 396 925 1821 39
35 5.22 350 799 1149 4.03
40 527 304 673 977 4,68
Control 4.92 616 1414 2030 1.15

Medium composition (g ' 1, wv'): molasses, 140; (NH,), SO,, 2; CaCOy, 1;
rice bran, 5; corn bran, 5; cysteine hydrochloride, 0.7; at pH 5.5; incubation
period, 4 days at 32°C; control, without propionic acid.

5 g of butyric acid per liter. This suggests that the initial
concentration of the two acids strongly influence the final
solvent yield.

Propionic acid addition. The results of this investigation
(Table 4) showed that acetone-butanol production was
enhanced by the addition of propionic acid up to 20 m mol.
Huesemann and Papoutsakis (1988) reported that the addi-
tion of propionate enhanced the effect of undissociated

butyric acid which correlates well with the initiation of
solventogenesis. However, supplementation of the glucose
minimal with propionate (20 m mol) at pH 5 led to the pro-
duction of some n-propanol as well as acetone and n-butanol
but in lesser amounts than the control without propionate
addition (Holt et al 1984).

Butyraldehyde addition. The results (Table 5) revealed that
addition of elevating levels of butyraldehyde slightly increased
the butanol yield up to 2 m mol above which a sharp decrease
in solvent yield occurred. Huesemann and Papoutsakis (1986)
found that, the addition of 12 m mol butyraldehyde resulted in
its conversion to butanol with a 70% yield (due to insolubility
perhaps) but did not otherwise affect the culture characteris-
tics as compared to the control culture.
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