






536 Passos et al.

0.4 0.40

0.3

"'.0: 0.3 ...~ 0.35
~ I
~ -5
E 0.25 ~ 0

~ ~~ 0.20 ~ 0.30

~ ~
'C 0.15 "
., t;:
~ .~

00 ij
0.10 r7i0.25 .
0.0

0.00
6.0 .8.0 0.20

pH 0 60
rnM

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.








