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The results of Candida utilis growsh on an anionic resin (Amberlite) at high glucose concentratilon and using ethanol as
the sole carbon sources are presented, The yeast consumed 240 mg glucose (g mmt}l dry matter)-! (IDM) reaching a final
population of 5.6x10° cells (g IDM)! (initial inoculum size: 1x107 cells (3 IDM)™. It was also shown that respirometry
was a reliable on-line method for monitoring growth. The respiratory quotient (RQ) showed the changes in the metabolism
of the yeast during glucose consumption, from a fermentative to an oxidative route. When C. utilis was grown on gaseous
ethanol enriched air, a final population of 3.25x109 cells (g IDM)-1 was attained, The importance of mineral salts
concentration'in the nutritive medium was clearly demonstrated. A two fold increase in the population was obtained when .
the mineral medium was not limiting. Small amounts of acetaldehyde and ethyl acetate were detected at t}ie outlet of the
reactor (1.88 ul I and 0.87 pl I3, respectively). Ethanol accumulated in the reactor up to 120 mg (g IDM )+ (probably an
inhibitory level for this yeast). RQ remained constant at around 0.6 during the fermentation.

Solid state fermentation (SSF) is an MATERTAL AND METHODS
old technique that has been recently

revaluated and modernized to enhance Microorganism .

protein content of agro-industrial The - vi . . )

east Candida utilis :
wastes (1,2,3) or to produce enzymes (CDBByv"Lzzis’).' wai nsed frfbafingpgg??
(4), secondary metabolites (5), spores ments'’ Itwwas periodically transfered

of fungi (6) or cheese or fruity fla- AN
vors (7,8). Some reports deal more :Eorpe%.;gto‘.;dd.eﬁtrose agar slants--and

specifically with yeasts employed in ot ‘4”'c_'”
SSF systems (9,10,11) and recently, Culture media
the ability of a Candida utilis strain
to grow on various substrate/supports
was demonstrated (12). :

The inoculum was grown on a liquid me-
~dium- composed with glucose ' (20 -g/l)
and malt’ extract (20 g/l) in 150 ml

: Erlenmeyér’ flasks' agitated at 200 rpm
Furthermore, yeasts from' the genius .at 30°C for. 20h. The yeast was then

Candida are known to be.able to con- grown : on” "Amberlite IRA-900 (Rohm &
vert ethanol to ethyl acetate (13,14) Haas), an anionic resin, prepared ac- .
or acetaldehyde (15). Both components cording ;to -Auria et al.(17) and im-
present an economical interest  in the bibed. with: the minimal salts medium
food additives industry (16). - described by Thomas and Dawsoa (18).

Tl:lis nutritive medium was used with
different glucose concentrations from

In this work, the effect of inoculum 40 to . 240 ~,‘mg/g“In1t1al Dry Matter
concentration and high glucose concen- (IDM) . For the case of cultures on
trations on growth of C. utilis on a ethanol, : glucose (40 mg/g IDM) was
synthetic support (Amberlite) under used.in the beginning of the fermenta-
SSF conditions was evaluated in terms tion.and then gaseous ethanol was fed.

of - kinetic and respirometric parame- S0lid State Fermentation procedure
ters. The ability of this yeast to :

grow and produce ethyl acetate and ac- Cultures' wgérg"pgrformed in the set up
etaldehyde when fed with air enriched represented in'Figure 1.
with gaseous ethanol was also studied. :
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1, Ak supply, 2. Humidkier, 3, Air Collector, 4, Temparature controlier
$. Water bath, 6. Column fermentor, 7. Humidlfiers, 8. Ethanoi supply

Figure 1. Experimental set up for SSF.

In the experiments run with ethanol,
the alcohol was fed to the columns by
bubbling air in pure solution as it
was done for water in air.

The initial culture conditions were:
pH, 6; Temperature, 30°C; Moisture
content, 58% (w/w); vyeast inoculum
concentration, 1x107 cells/g IDM ex-
cept when mentioned; aeration rate,
0.1 or 0.05 l/h.g IDM, ethanol rate
feed, 5 Hl/h.g IDM and packing densi-
ty, 0.6 g/ml.

Analvtical methods

Biomass was determined by direct cell
count and viability with methylene
blue coloration as described previous-
ly (12). In ligquid culture, it was
found that 107 cells correspond to
0.092mg (12). pH was measured with a
Conductronic pH meter and Aw with an
Agualab CX-2 apparatus {(Decagon, USA).
With the same sample, glucose was de-
termined by the dinitrosalicylic acid
method (19) and residual ethanol was
measured by gas chromatography. Head-
space analysis of the exit air was
achieved for acetaldéhyde, ethanol and
ethyl acetate determination. Gas
chromatography analysis was made with
a Hewlett-Packard chromatograph
equipped with a flame ionization de-
tector. Nitrogen was used as carrier
gas at a 4 ml/mn rate. Split ratio was
1:50. Temperature were: injector and
detector, 180°C; oven, 40°C. Separa-
tion was achieved with a Megabore HP-1
column (Length, 5m; Inner diameter,
0.53 mm). Concentrations were reported
as pl liquid/l gas.

Respirometry (02 and CO2 measurements)
was realized with a Gow-Mac chromato-
graph equipped with a thermal conduc-

_were studied: 40,

tivity detector and a concentric col-
umn CTR-1 (Alltech, USA). Helium was
used as carrier gas (flow rate, 60
ml/mn) . Carbon dioxide production rate
{CDPR), oxygen uptake rate (OUR) and
respiratory quotient (RQ) were calcu-
lated as follows

CDPR = (%C02 produced x F) / (100 x W)
OUR = (%02 consumed x F) / (100 x W)
RQ = CDPR/OQOUR.

ESULTS AND DI ION
Glucose as sole carbon source

.Influence of inoculum size
These experiments were run with an in-
itial glucose concentration of 135
mg/g IDM and inoculum concentration of
1.4, 2.2 and 3.6x107 cells/ml respec-
tively.
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Figure 2.Logarithmic evolution of bio-
mass vs. time. Influence of inoculum
size. '

In Figure 2, it can be seen that inoc-
ulum size did not have a strong influ-
ence on growth rate. There is not a
significant influence on the final bi-
omass {between 300 and 350x107 cells/g
IDM) and all the glucose was exhausted
after 50 hours. The same conclusions
were obtained in submerged cultures.

Influence of initial glucose con-
centration ’
Three different glucose concentrations
135 and 240 mg/g
IDM. It appeared that the phase lag
and the fermentation time were longer,
and the maximum biomass was reached
later for higher glucose concentra-
tions (Cf Figure 3). These méxima were
related to the initial glucose concen-
tration (more than 550x107 cells/g IDM
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for 240 mg/g IDM).
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Flgure 3. Evolution of biomass vs.
time.Influence of initial glucose con-
centration.

Glucose was totally exhausted in all
cases at different time courses (Fig-
ure 4). It can be sekn that glucose
concentratlon in 8SF system has a
strong influence on Aw (for the same
initial moisture content). The rela-
tlvely low value of Aw at the begin-
ning of the fermentation for 240 mg/g
IDM can explain the largest lag phase.
When glucose was exhausted, Aw reached
a value of 0.99 in both cases.

Initial glucose concentration: {1) 135 mg/g IDM, (2) 240 mg/g IDM
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Figure 4. Evolution of glucose concen-
trotlon and Aw vs. time. Influence of
initial glucose concentration.

In Figure 5, it can be observed that
despite the previous neutralization of
the support (to pH 6), a dramatic drop
in pH was observed (around 3.2 for low
glucose concentration and 2.4 for high
concentrations). This severe drop can
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be explalned by the excreti-on of or-
ganic acids (e.g. acetic) to the medi-
um. These final wvalues wer: reached
faster for lower glucose concentra-
tions which was related to growth and
ammonlum sulfdte consumption and pro-
ton excretlon. Mortality among the
yveast cells”was ‘“Low except for the fi-
nal time for the ‘higher glucose con-
centratloni Thls “pehavior was related
to low;pHp L,and lack of carbon
sources.ﬁ . o
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Figure 5. Evolutlon of pH and mortali-
ty.vs. time. Influence of initial glu-
cose concentration.

Figure 6 shows the CDPR evolution for
different 1n1tlal sugar concentra-
tions. These curves present a maximum

,peak. correspondlng to the maximum vol-
umetrid, growth rate. These maxima were

reachqd“iH}ZBh 34h and 55h respec-
,tlyely nd’ are proportlonal to the in-
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Flgure 6. Evolutlon of CDPR vs. time.
- Influence of 1n1t1al glucose concen-
tration.
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In the cases of 135 and 240 mg/g IDM,
a second peak smaller and later was
observed. It appeared when glucose was

exhausted and was probably due to ‘a -

diauxic effect from other substrates
released previously 'in- the "medium
(e.g. ethanol or organic acids). The
maxima values of CDPR reached are com-
parable with those obtained by’ Auria
et al. (17) for Asperglllus mger
grown on the same support. L «,\

Table 1. Summ:.ng up of the’ result:s of
the glucose fermentation by C. utilis
grown on Amberlite. (* CE Figure 10)

Initial glucose (mg/g) 40 135 |, 240
X max 11.41 27.05 52.07
Fermentation time (h) 29.5 47 80.5
CDPR max 1.42 2.28 2.73
A R.Q.* 1.1/1.3 1.1/1.3 1,0/2.5
L max n.c. 0.55 0.58
Yx/s 0.283 0.201 0.225
RX_max 0.74  0.83 . 1.97

FFrom table 1, it can be concluded that
Wiomass production, in the range of
tthe glucose concentrations studied,
was proportional to the initial con-
centrations. The substrate conversion
wields into biomass kept within a
mwange of 0.2 to 0.28 with highest val-
we for lowest concentration. There is
mo significant influence of glucose
aconcentration on growth rate. On the:
wontrary, the volumetric product1v1ty
({Rx)
sstrate concentration is higher”

llevel on the orientation of the metab-
lism. The’ resplratory

mweached  values superior to 2
ttative route) for 240 mg/g IDM, when
tthese values kept near above 1 at low-
t¢er concentrations (oxidative pathway) .

(C. utilis,
«displayed a good tolerance toward hlgh
¢(glucose levels; ‘low pH value ¥ and
;seemed to be able to assimilate’ etha-‘

mol - or other metabol:.tes released :m‘

tthe medium.
l_thenglj_s_mmwmgn_w
Infl

ineral ium -
icentration
‘Two experiments were made: one with

'mineral medium concentration ‘corre-
sponding to 40 mg/g IDM of glucose,
the other one multiplied by a factor
of 3.5 In both cases, the fermentation

is greatly . :.ncreased when “sub-..
There
iis also a .clear :mﬁluence of -glucose.

‘when grown on Amberl:.te,,,.

was initiated with glucose (40 mg/g
IDM) and ethanol vapor phase fed when

glucose was totally exhausted (after
24 hours). Growth evolution is shown
in Figure 7.
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" Figure 7. Evolution of Dbiomass vs.
time. Influence of mineral medium con-

centration. Growth on.ethanol.

The interest of using the higher min-
eral salts concentration was clearly
demonstrated since a final population
of 330x107 cells/g IDM was reached
against 150x107 cells/g IDM for the
lower concentration. The maxima were
reached in the same time (about 75h).
The fact that the increase in biomass
was not proportional to the mineral

~medium concentration implies that
there is another limitation. Only the
"second experlence {(with - the h:.ghest
mxneral salt ~concentration) is de-
scrlbed hereafter. . .
. ‘ nd su
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Fig-ure 8. Evolution of biomass and

substrates vs.time. Growth or. ethanol.
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From figure 8, it can be observed that
the maximum population is reached af-
ter 75 hours when ethanol concentra-
tion in the medium was about 40 mg/g
IDM and mortality yield was 16%. It
can be seen that ethanol in the column
increased constantly and with a higher
velocity after 24 hours of culture on
this substrate, which probably meant
that the concentration reached was
limitating but not lethal for the
veast (about 20 mg/g IDM). Meanwhile,
the mortality yield increased up to
80% at the end of the fermentation.
The yeast displayed a better tolerance
toward ethanol than observed previous-
ly (13), which can be due to a protec-
tive effect of the support. The pH
dropped to 2.5 in the first 30 hours
and then kept constant around this
value, Water activity was constant

It can be concluded from these data
that SSF is an adequate system for the
growth of C. utilis on gaseous sub-

strate. 4
.Ethanol., ethvl acetate and acetal-
dehvde evoluti in th =3

According to Armstrong et al. (13),
ethyl acetate production from ethanol
for C. utilis follows three steps:

1.Ethanol + 02 ----> Acetaldehyde
2.Acetaldehyde + 02 ----> Acetic acid
3.Ethanol+Acetic ac. --->Ethyl acetate + H20

These reactions are catalyzed by alco-
hol dehydrogenases (steps 1 and 2) and
by an esterase (step 3).

The evolution of ethanol, acetaldehyde
and ethyl acetate concentrations in
the exit gas is plotted in figure 9.
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Figure 9. Headspace of solid state
culture of C. utilis grown on ethanol.
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The curves shown in figure 9 can be
divided in three regions. From 24 to
55 hours, exit ethanol concentration
increased as well as ethyl acetate and
acetaldehyde, this one presented a
maximum around 36 hours. From 55 to 75
hours, a steady state was set -and the
three - concentrations remained con-
stant. From .75 hours, when growth
stopped, -ethanol <¢oncentration in-
creased again in relation to the con-
centration of the liguid phase, re-
flecting the fact that it was not con-
sumed. No evidence was found that non-
growing C. utilis cells produced ethyl
acetate or acetaldehyde.

Most of the time, acetaldehyde levels
were above those of ethyl acetate.
Levels of both compounds were low
probably because ethanol concentration

.was too high, pH low and hence inhib-

ited redox enzyme system of the yeast.
It should be observed that neither ac-
etaldehyde nor ethyl acetate were de-
tected in the solid state medium. By
integration of the ethyl acetate and
acetaldehyde curves, it was calculated
that 23 mg and 38 mg were produced re-
spectively.

Finally, a comparison of the respira-
tory coefficients in three cases is
presented in figure 10.

25 ,f\ Initial giLcose concentralion:
L FaRY —- 3—- 135 my/g IDM
2L '.’ ' ~ = e ~ ~ 240 mg/g IDM
1
AeeelL. i s — 3 - 40mylgIbM
i -t I then ethanol
CoL i Y
155 . H N
. N [l .
d L Yo ’I . \
o ‘ ' Q’ { . /3\ “u
1 < 5&_0/ 3
087 —— Abg\ :
. ~o =
05 R Y -
Ethano}
0 A \ . 1 . I Lo I
0 20 40 _ 60 80 100
Time (h)

Figure 10. Evolution of the respirato-
ry quotient vs. time on different glu-
cose concentrations and on ethanol.

The evolution .in each case is very
significative:

for 135 mg glucose/g IDM, RQ kept
constant around a value of 1, charac-
teristic of the oxidative metabolism
of glucose, where
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Glucose + 602 ---> 6C0O2 + 6H20 + 28 ATP
(theoretical RQ = 1)

. for 240 mg glucose/g IDM, ‘RO var—
ied between 1 and 2.5. This is charac-
teristic of a partial orientation of
the metabolism toward a fermentatlve
route sensu stricto, where :

Glucose ~=--> 2C02 + 2 Ethanol + 2 ATP
(theoretical RQ -=-> o)
for growth. on. ethanol,
constant. around 0.6.

RQ  was
This represents

the ox1dat1ve metabollsn1 of ethanoln

where:

b

BtHanol + 302 ams 2C02 + 3H20 +. 11ATP N

(theoretical RQ = 0.67)"

Although C. utilis showed its capacity
to grow on ethanol as sole carbon
source,
fermentation are lower than those’ * ob-
tained on -glucose (pmax, Rx max) basi-
cally for the reason glven above (cf
Table 2). :

[

the overall results of " the-

Table 2. Kinetic parameters of the
fermentation of ethanol by C. utilis
on Amberlite.
N X max 30.17
CDPR max - 2.15
A R.Q. 0.5/0.72
H max 0.13
Rx max 0.41
CONCTUSION

In this work, the influence of glucose
concentration on growth was shown. It
was demonstrated that total biomass,

lag phase duratlon and yield. of sub{

strate conversion into. biomass' were -
dependent on initial glucose concen-'
tration as well as the type of metabo-. -
lism (oxidative or oxidative/fermenta~-": "

tive) as shown by the respiratory quo-
tients study. Also,
glucose concentration,

avoid the growth. The main 11m1tatlon

is finally: due to' the- strong pH “drop.
and the accumulatlon of’ ethanol in: the;:

water phase.

A SSF system was successfully de51gned f‘

to study the growth of the yeast with
gaseous ethanol. It was shown ‘that
mineral salts concentration could be a
llmltlng factor for growth and that C.
utilis was able to use ethanol for its
growth and to produce other metabo-
lites. Moreover, the SSF system pro-
vided the advantage to increase the

. tolerance of the‘'yeast toward ethanol.

- Although the conditions were not opti-

mized, low excretion of ethyl acetate

-, and acetaldehyde were obtained in the

outlet gas phase.
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e NQMENQLAﬂE

,;Water activity (-)

Carbon dioxide production rate
{ml/h.g IDM)

Inlét aeration rate (ml/h)
Oxygen uptake rate (ml/h.g IDM)
Respiratory quotient (-]

Volumetric growth rate {(mg bio-
mass/g.h)

W Initial dry matter weight (g)
X Biomass (mg/g IDM)
Y;/s Biomass yield on substrate

(g biomass/g substrate)

i

ik Specific growth rate (h~1)
LITERATURE CTTED

W 1. Raimbault, M. and A. Alazard. Eur,.

?

. +.3%:Durand,

sl e

“even at the higher 3
the relatively
low water activity observed did not

" dersson. Appl. Env. Microbicl.,

J. Appl. Microbiol.
199 (1980).

2 Baldensperger, J., J. Le Mer, L.
Hannibal and P.J. Quinto. Biotech-
nol. Lett. 7, 743 (1985).

A. and D, Chéreau.Biotech-
nol. Bioeng., 31, 476 (1988).

4 ~A1doo, K.BE., R. Hendry and B.J.B.
t Wood. Adv. Appl. Microbiol., 28,
' 201 (1982).

' Barrios-Gonzdlez, J., H. Gonzilez
. and A. Mejia. Biotechnol. Adv.,
Y | 539 (1993).

Biotechnol.,Q,

i1

%6. Desfarges, C., C. Larroche and J.B.

Gros. Biotechnol. Bioeng.,29, 1050
(1987) . )
7. Revéh, S. and J.M. Lebeault.. Lait,

69, 281 (1989).

8. Christen, P., E. Villegas and S.Re-
..vah, Biotechnol. Lett. Submitted
(193%4).

. Grant, G.A., Y.W. Han and A.W. An-~

35,

.



93

3, 549 (1978). ~in submerged cultures, In: G.Chara-
. !lambods(Ed), 8th Int. Flavor Conf.
lO’R'.Z?:cshJ.‘nof a;éi F31§l(e]%e§15t)l J' IT‘OOd ;+Cos t Greece.’ Submitted (1994).

: 15 Armstrong D.W., S.M. Martin and H.
: Lonsa- ’ '
& ll'snaeuc;!d?d Ciiii%ﬁiilalﬁ 1TBMKNavarro 'Yamazaki. Biotéchnol. Lett., 6,183

and M. Raimbault.Process Biochem., (1984).
22, 411 (1992). 16.Welsh,"F. W., Murray, W.D. and wWil-
. . liams, R.E. Crit. Rev., Biotech-
- 12.Christen, P., R. Auria, C. Vega, E. wee
K Villegas and S. Revah. Biotechnol. nol.;'9, 2, 105 (1989).
-Adv., 11, 549 (1993). | »17.Auria, R., S.Hernandez, M. Raimbault

13 .Armstrong, D.W., S.M. Martin and H. . and S. Revah.Biotechnol. Tech., 4,

vamazaki. Biotechnol. Bioeng., 26, . 391 (1990).
1038 (1984). 18.Thomas, K.C. apd P.S.S. Dawson.

p 14.Corzo G., S. Revah and P. Christen. Can.J. Microbiol., 24, 440 (1378).
Effect of oxygen on the ethyl ace- 19 M:Lller,iG.:L.'Anal . Chem., 31, 426

tate production by Candida utilis (1959) S

R4




