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Figure 2. Effect of pH on the specific growth.
rate of S. rosei. Figure 3. Effects of undissociated lactic and

undissociated acetic acid concentrations on the
specific growth rate of S. rosei: [HLa] (8), [HAc]

of other inhibitors. The data obtained (Fig. 2) (0).
are fit best by an inhibition function proposed
by Levenspiel (19.80). The soli~ line in Fig, 2 hydrogen ion and the non-ionized form of lac-
was calculated USIng the functIon t.. d It ' 11 kn th t 1 th1C aCl .IS we own a on y e

-f ([H+]) (5) uncharged forms of organic acids can pen-
fl-flmax 2 etrate the cell membrane (Ingram et al.

h -0.359 h-1 d 1956); thus, [HLa] and [HAc] were of primarywere flm\ix- an interest in this study. To model the influence

( [H+] of [HLa], we used the acid ionization
f2 ([H+]) = l--)a) (6) equilibrium,

[H+]max

[HLa] = [H+] + [La-]) (7)
where [H+] is expressed in mM, [H+]max =2.50

mM, and <l=2.13. to calculate [HLa] from measurements of

total lactic acid ([HLa]+[La-]). The corre-
Undissociated lactic acid concentration sponding effect of [HLa] on the measured
effect ([HLa]J overall specific growth rate was estimated

after subtracting out the [H+] effect. A simple
Kuhn (1991) recently established that effects linear inhibition model provided the best fit
of acid-pro duct-inhibited Escherichia coli in the range studied, giving
could be decomposed into the separate influ- .

ences of pH and the undissociated forms of fl=flmax f2 ([H+]) f3 ([HLa]) (8)
the products (acetate and formate). A similar
approach was used to evaluate the effect of where [HLa] (mM) is the concentration of
acetic and lactic acids on the groWth of L. non-ionized lactic acid,
plantarum (Passos et al. 1993). Yabannavar
and Wang (1991) showed that for L. del- £; ]) =(1- [HLa]

) (9) brueckii the growth-inhibiting effect of the 3 ([HLa [HLa]max

ionized form of lactic acid is extremely small
when compared with that of non-ionized lac- and [HLa]max=156 roM. The experimental
tic acid and proposed a model relating data (symbols) and predicted values from
specific growth rate to concentrations of Eqn 8 (solid line), are shown in Fig. 3.
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cucumber juice at 300G as influenced by NaGI to achieve a water activity (aw) of 0.976
.various concentrations of acids (lactic and added in the medium supported a higher

acetic), NaGI, and pH. The model can be used specific growth rate compared with no NaGI
to predict the growth of S. rosei in the fer- (McMeekin et al. 1987). From 0.976 to 0.848
mentation of cucumbers since the concen- aw, they found a linear inhibitory relation-
tration range of the variables studied are ship. Values for, aw's of 0.976 and 0.848 rep-
those found normally in that process. resent NaGI concentrations of approximately

Aiba et al. (1968) used the Monod model to 3.5 and 23.5%, respectively in water (Scott.
describe specific growth rate of a strain res- 1957). Similar stimulatory-inhibitory effects
piration-dependent mutant of baker's yeast of NaGI were observed for L. plantarum
and its dependence on glucose concentration, (Passos et al. 1993). Beyond the initial stimu-
and obt&ined a Km of 1.22 mM. Abulesz and latory effect, a further increase in the NaGI
Lyberatos (1989) working with S. cerevisiae concentration resulted in an inhibitory effect
obtained a Km of 11.4 mM. These results dem- on the specific growth rate of S. rosei. For the
onstrate the possible large variations of rate same strain used in the present study, Daes-
coefficients from one strain to another. In chel et al. (1988) estimated a specific growth
this study a value of Km of 0.86 mM was rate of 0.282 h-1 in cucumber juice containing
measured for S. rosei. 5% salt and 26.6 mM total acetic (no refer-

When hydrochloric acid was used to lower ence was made to the pH value). Using 5%
the pH the effect on cell growth could be salt and 26.6 mM total acetic and pH=4.5 in
directly attributed to [H+) in the medium. Eqn 2, an estimated specific growth rate of
Saccharomyces rosei was shown to be an acid- 0.13 h-1 is obtained.
tolerant organism, especially when compared When fermentations were conducted using
with L. plantarum (Passos et al. (1993). At cucumber juice and different initial concen-
pH 3.2 (the lowest value studied) the specific trations of lactic acid, acetic acid, and NaGI, a
growth rate was reduced to 0.189 h-1, 53% of good agreement between the data and pre-
the maximum value observed, 0.358 h-1, at dicted values was observed. The mean absol-
pH 4:8. ute deviation between predicted and exper-

Acidification of cucumber juice with lactic imental values, from 8 independent
or acetic acids resulted in an inhibitory effect validation tests, was 10%. The goodness-of-fit
on growth beyond the hydrogen ion effect. of the observed values against the predicted
Growth inhibition was attributed primarily values was subjected to a X2 test; the fit was
to the protonated acid form. Undissociated significant at the 0.005 level.
acetic acid concentration resulted in an According to Kappeli (1986), the biomass
inhibitory effect on the specific growth rate of yield of S. cerevisiae under aerobic conditions
S. rosei, slightly smaller than that caused by is approximately 90 g of dry cells/mol glucose,
undissociated lactic acid (Fig. 3). Daeschel et and the specific growth rate is 0.3 h-1. At high
al. (1988) suggested a value of 56 mM total glucose concentrations, ethanol is also pro-
lactic acid as a limiting growth concentration duced and the yield of biomass drops to
for S. rosei, a claim that the observed values approximately 27 g dry cells/mol glucose and
in the present study contradict. S. rosei grew the specific growth rate increases to 0.45 h-1
at 70 mM total lactic acid with a specific (Kappeli 1986). Kappeli (1986) cited a yield of
growth rate 44% less of the maximum growth approximately 18 g dry cells/mol glucose and
rate observed. specific growth rate of 0.35 h-1 under anaer-

Gells grew vigorously in NaGI concen- obic growth conditions. Under these con-
trations up to 4%. When added in low concen- ditions, energy originates exclusively from
tration (1 to 2%, Fig. 3), NaGI stimulated the glycolysis and a linear relationship between
growth of S. rosei. Similar results, probably growth rate and ethanol production is
due to the small decrease in the water observed (Kappeli 1986). For S. rosei we
activity value, were earlier obtained by found a biomass yield of 12.2 g cells/moles
McMeekin et al. (1987), working with hexose at anaerobic conditions and 30.7 g
Staphylococcus xylosus. The concentration of cells/mol hexose under aerobic conditions
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Appendix A-Nomenclature

[Ac-] dissociated acetic acid concentration, mM
[Act] total acetic acid ([HAc]+[Ac-]) concentration, mM
a, 13 coefficients determined by model fitting.
[C] inhibitory component concentration, mM
[C]rnax concentration of the inhibitory component where the specific growth rate is zero, mM,

determined by model fitting
[H+] hydrogen ion concentration, mM
[HLa] undissociated lactic acid concentration, mM
[HAc] undissociated acetic acid concentration, mM
Km concentration of nutrient for which the specific growth rate has half its maximum

value, mM
[La-] dissociated lactic acid concentration, mM
[Lat] total lactic acid ([HLa]+[La-]) concentration, mM
/.l specific growth rate, h-1
/.lmax maximum specific growth rate, h-1
[NaCI] sodium chloride concentration, %, w/v
[X] concentration of cell mos, g/l




