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Abstract
This work presentsthe utilization of mixed sugarsfor alcoholic fermentationby Saccharomyces
cerevisiae. The composition of fermentable sugar in sweet sorghum and its ratio were studied.
Fermentationmedia composed of single and mixed sugars( saccharose,glucose, fructose) with the
ratio similar to sweet sorghumjuice were used in the experiments.The results showed behaviour of
S. cerevisiaeon different sugars,kinetics of fermentation processand effects of sugar concentration
on cell growth. Someproblem of natural materialsused in alcohol productionwas concluded.
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l. Introduction
the raw materials are rich in single sugar or
polymer which is easy to hydrolyze. Table I
summarizes the different plants used: the
preciseplant,the kind of sugar,the needfor any
pretreatment,the nature of microorganism to be
usedand the expectedyield.

Many countries are involved in research
programs on ethanol production for energy
(USA, Brazil, Germany,Italy, France.....). For
this purpose, different vegetable materials are
able to be used;the sole condition being that

Table I Comparisonofdifferentplants. ADECARBA []

Kind of sugar

Hydrolysis

Microorganism

Sugar beet

Saccharose

Wheat

Starch
Starch

no
yes

Saccharomyces
Sacchsromvces
Saccharomvces
Saccharomvces
Kluyveromyces
Saccharomvces
Saccharomvces
Saccharomvces

Kind of plant

Maize
Potato
Jerusalem
Artichoke
Sugarcane
Sweetsorghum

Starch
Inulin
Saccharose
Saccharose

yes
yes
no
ves
no
no

ZJ

Productivity
m3ethanoVha.yea
r

4.1-5
1.75-2
2-2.5
3-5
4.7
5.3
7
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cultivation and alcoholic fermentation from
juices have been solved.But sweet sorghum is
lessknown.

In Thailand, two plants are of interest: sugar
cane and sweet sorghum. Sugar cane is already
widely cultivated also the problems of

Table 2 Sugarcomposition of sorghum stem(Sorghumbicolor).
Variety

Susar content

Keller

l2-20Yo

Keller

35% (dry matter)

Saccharose

Glucose

Fructose

References

2t%

Rein 8.K., Schulte
D.D.,OgdenR.L. and
WalkerC.E.l2l
Curt M.D., Martinez
M. and FernandezJ.

24%

55%

t3t
Rio

20%

Wray

14.4%

Wray

ll.lYo

Wray

a3%@rymater)

37.5%

27.6%

34.8%

<- --------14%--------)

86%

Eckhoff S.R..Bender
D.A., OkosM.R. and
PeartR.M. [41
CarlsonK.D.,
CunninghamR.L.
and HermanA.I. [51

EilandB.R.,Clayton
J.E.andBryanW.L.
t-61
80%

< ------------20%-------)

50%

(harvest)

HansenR.W. and
Renaris R. [7]

e -----------5
0%------t
(48 h post harvest)
no indication

l4Yo

55%

29o/o

t6%

no indication

tl-t5%

60%

33%

7%

SamuelW.A. and
Lee Y.Y. I8l
Mohite U. and
SivaRamanH. [9]

no indication

33%

53%

28%

l9%

EL BassamN.

n0t
no indication

44Yo

29.5%

56.8%

The possibility of its cultivation in tropical
conditions (soil and climate) was recently
studied by Soontornchainaksaeng[2].
Our
work deals with the problem of the alcoholic
fermentation of its juices.
The sugar
composition of its stems and extracted juices
varies a lot depending on the variety and the
maturity as shown in table 2. Moreover, the
problems of post-harvestconservation must be

13.6%

SonnenbergH and
DerneddeW. I l]

consideredas discussedby Hansen and Ferraris
[7] and Eiland et al [6].
In conclusion,the main point is that sugar
solution extracted from stems is very
heterogenousas far as its sugar composition is
concerned: glucose, fructose and saccharose
with different ratios and concentrations.So it
was assumedthat the alcoholic fermentation of
suchjuices by yeastsmay be difficult.

.A
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Indeed, in Saccharornyces cerevisiqe,
these different sugars do not penetrateinto the
Substrates enter the cell by three different
mechanisms which are simple diffusion,
facilitate diffusion and active transport. The
two last ways use enzymes called permeases.
For Saccharomycescerevisiae, the carriers used
may be constitutive or inductible. According to
Eddy [3], it is known that the glucosecarrier is
constitutive while the galactose carrier is
inductive. Busturia and Lagunas [14] showed
that glucose penetration by facilitated diffusion
used two different carriers, one ofhigh affinity,
the other of low affinity. Fructosecrossesover
the membrane using the same carriers as the
glucose but their affinity is lower. Kinetic
studiesof Bisson and Fraenkel[5] and Bisson
[6] establishedthat the low affinity system is
constitutive; it is very efficient during the
growth phase and less efficient during the
stationary phase. The high affinity system is
repressed by high glucose concentration.
However, the role of each of these carriers does
not seemclear and for Ramos et al. [17], these
two carriers are interconvertive depending on
the metabolicconditionsof the cell.
As far as the disaccharidesare concerned,it
has been shown that maltose uses an inductible
carrier U8l and is hydrolyzed in the
cell;conversly,saccharose
is hydrolyzedoutside
the cell. From a kinetic point of view, it is
usually accepted that the sugars are used
sequentially when mixed in the medium:
glucose, fructose, saccharoseand maltose (the
glucosemay inhibit the permeaseallowing the
transportof maltose).
So, the aim of this work was to investigate
the consumption of different sugars by
Saccharomycescerevisiae under two different
conditions:when they are in pure solution and
when they are mixed. This may provide some
information about the behaviour of sweet
sorghum juice fermentation for ethanol
production.
2. Materials and methods
2.1 Microorganism: the used yeast strain
was Saccharomycescerevislae Kl produced by
LallemandInc. (Canada).
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cell by using the sametransportmechanism.

2.2 Culture media: the synthetic medium
was made of I(H2PO4 | 5gL, (NHq)Z SO4 : 2
g/L,Mg SO4. 7H2O :0.4 glL, Yeast extract : I
E/L.
The different sugars tested in pure solutions
were: glucose, fructose and saccharose at a
concentrationof 50 gtL. When mixed, different
percentagesand concentrations were tested as
indicatedbelow. The initial pH was adjustedto
4 by using orthophosphoric
acid.
2.3 Culture conditions: the experiments
were performed in a 2 liters fermentor (Setric
GenieIndustriel). Temperaturewas 30oC. No
aerationwas provided for the cultures.Inocula
were incubatedon 150 mL of the medium at
30oC, 15 h., and added to reach 3x 106
cells/mL.
2.4 Analytical determinations:
Biomass was measuredturbidimetrically at
620 nm, and was calibrated to cell dry weight
determination.
For sugar determination, two methods were
used. The anthrone method [9] was used for
the total sugar measurement. For the specific
determination of the different sugars when
mixed, the HPLC method was used (spectra
Physics apparatus,with an Aminex HPX 87 C
column and Interaction GC 801 precolumn,
water as eluent).
Ethanol
was
analysed
gas
by
chromatography (Chrompack 437 A) with a
PoraplotQ column, propanol-1(l%) as internal
standardand a flame ionization detector.
3. Results and discussion
3.1
Behaviour
of Saccharomyces
cerevisiae Kl on glucose (50 g/L)
As glucose is the most often used
substrate,a preliminary study was made using
this sugar. The initial level was 50 gtL. The
kinetics of sugar consumption, growth and
ethanolproductionare shown in figure (l).It is
clear that there is not a problem concerning the
sugarconsumption.It is also possibleto analyze
the relation between ethanol production
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(vp = l/X .dp/ dQ and growth (p = lD( . dX /dt),
as' illustrated by figure (2). Calculating the
values of the parametersof the Luedeking and
case, the activities of etlanol production and
growth are quite linked with: vp= 4.75 p + 0.4.
This low value (0.4) of the parametershowsthat
the part of production due to stationary phase
cells is negligible.

Piret's equationwe are able to demonstratothat,
in this
3.2 Effect ofthe kind ofsugar used
The three diflerent sugarsconstituting the
juice of sweet sorghum (glucose, fructose,
saccharose)were tested in pure solutions' In all
cases, the initial sugar content was 50 g/L.
Figure (3) illustrates the behaviour of the sugar
concentrationduring the fermentation

C:a.'.td.t(ffl)

6A

io

a

a

rsg
to

o
c

ao
to

totoo
- lttl

t '

t'
I

o

Figure I : Glucose,Ethanol and Biomassconcentrationsversustime for
SaccharomycescerevisiaeKl.

Figure 2 : Relation betweenthe specific growth rate and the specific production rate
for SacchqromvcescerevisiaeKl.
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Figure 3 I Consumptionof different sugarsby SaccharomycescerevisiaeKl .

It appearsthat glucose and fructose have a
similar course.The slight difference observedis
that the fructose consumption is slower than the
glucoseconsumption.This is in agreementwith
an observation of Moll [20] and Campagno et

precisely the behaviour of this sugar, other
experiments were performed
using the HPLC method to obtain the ratios of
glucose, fructose ( issued from the hydrolysis
of the saccharose) and non hydrolyzed
saccharose.The sameinitial concentration of
sugarwas used. Also, to avoid the hydrolysis
due to the sterilisation, the medium in this case
was treated by sterile filtration. The results are
shown in figure (4)

at.[2t1.

Conversly the saccharosecourse is different.
Its consumptionrate is weaker, especially at the
end of the fermentation (after 17 hours). It
allows us to think that the hydrolysis may act as
a limiting step.Also, in order to analysemore

€rDid{crr.,

Figure 4 : Ratio of different sugarsduring growth on saccharose(50 g/L)
It is obvious that the hydrolysis of
saccharose takes place very early; we also
observethat the glucose level is lower than the
fructose level, that confirms the faster use of
glucose already shown in figure 3.
(The
hydrolysis of saccharose leads to equal
quantitiesof glucose and fructose). It is also
interestingto note that the glucoseis the likely
inhibitor of the hydrolysis activity of

Sqccharomycescerevisiae; in fact, saccharoseis
hydrolyzed faster when the glucose is
exhausted. Finally, by the end of the
fermentation (after 15 hours), it seems that a
stationary phase is reached: the sugar
consumption rate equals the hydrolysis rate.
During this phase, no glucose or fructose
accumulationis noticed.
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As far as the hydrolysis rate is concemed,we
can distinguish two phases: during the first
phase(in this case0 to 15 hours) the hydrolysis
is fast: 3.5 g/LAr. During the secondphase,this
rate decreases to an average value of 2.1
g/L/h. Besides, during this phase, the
hydrolysis appearsto be the limiting step of the
reaction. Fontana et al. [22] did the same
observation and explained it by a catabolic
repression of the invertase ( enzyme which
catalyses the hydrolysis of saccharose into
glucoseand fructose) by the glucose acting at a
very low level. It is also interestingto note that
Essia-Nganget al. [23] noticed a bad utilization
ofthe saccharoseat the end ofthe fermentation
but they did not have any explanationwhy.

3.3 Fermentation on mixed sugars
After this analysis of the sugar
consumption on pure sugar media it was
necessary to study the behaviour of
the
during
Saccharomyces cerevisiae
fermentation of a complex medium containing
the three different sugars and simulating the
compositionof sweetsorghumjuice.
Different experimentswere performed,using
different ratios and different total amounts of
sugars. Some of the results are plotted on
figures5,6 andT.

effi*rh8lt4

Figure 5 : Ratio of different sugarsduring a growth on a complex mixture of
saccharose,glucoseand fructose. (total amount:60 glL).
Cd'r.*rtln{dLI
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Figure 6 : Ratio of different sugarsduring a growth on a complex niixture
ofsaccharose,glucoseand fructose(total amount: l00g/L).
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Figure 7 : Ratio of different sugarsduring a growth on a complex mixture
of saccharose,glucoseand fructose(total amount : 150 glL)

The main observationsare:
-The glucose is always used before the
fructose.
-The two phasesof hydrolysis are observed
again. The hydrolysis is fast at the beginning of
the reactionand becomesslower nearthe end.
-Moreover, when the initial
sugar
(saccharose)content is high, the sugar is not
totally used and the saccharoselevel remains at
a level of l0 g/L approx. We can observe the
same thing in the work of Essia-Ngang et al.
[23], but there is no comment. This non
utilization of the sugar was never observedon
glucose medium for this level of initial sugar
[24], but recently Salmon and Mauricio [25]
noticed a loss of the activify of the sugar
transport during alcoholic fermentation with
non-limitingsubstrateconditions.
From a practical point of view, this last
observation is of great interest regarding the
sweet sorghumjuice fermentation. Indeed, the
use of too concentrated juices will not be
efficient, leading to a non utilization of all the
sugar content. And so, maybe it will be better
to operate an hydrolytic pretreatment prior to
the fermentation.

4. Conclusion
The use of natural and complex materials
(such as juices of beet roots, sugar cane,
hydrolyzatesor sweet sorghum juices ...) as
fermentation media often leads to some
problems. In this study it is shown that the
behaviour of the yeast Saccharomyces
cerevisiae on mixed sugars is different
on pure and simple sugar. The different sugars
constituting the media are not used with the
same rates: from a kinetic point of view, the
sugarsare used sequentiallywhen mixed in the
medium: glucose, fructose, saccharose...
problems
of
showing some complex
(different affinities, enzymatic
regulation
repression). Moreover, the hydrolysis of
disaccharideappearsto be a limiting step in the
fermentationreaction.
Also, for industrial purposes, these data
should be taken into aocountto avoid lossesof
substrates and bad reaction yields. An
altemative may be an hydrolytic pretreatment.
by steamfor example.
Finally we also notice that the bad yields
or productivities of the alcoholic fermentation
under industrial conditions may also be due to
some operating conditions and/or microbial
infections as recently showed and discussedby
Phowchinda [26] and Phowchinda et al. [27]
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