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S U M M A R Y  

The effects of various physicochemical parameters on the growth of two Kluyveromyces marxianus strains were investigated, including: pH values, so- 
dium chloride, water activity in the medium and temperature. Both yeast strains were unaffected by pH changes. Optimal pH for growth was found to be 
4 with both strains, but they were able to develop within the pH 3-8 range. Suitable growth was obtained at temperatures of 4-44 ~ and the optimal 
temperature for growth was 36 ~ C for both strains. Modelling of this latter parameter is described. Growth of both microorganisms was considerably modified 
by increased NaC1 or decreased water activity in the medium. 

I N T R O D U C T I O N  

Kluyveromyces Iactis (Dombrowsky) van der Walt and 
Kluyveromyces marxianus (Hansen) van der Walt are well- 
known yeasts in the dairy industry. The former often ex- 
hibits a 'weak fermentative metabolism but in contrast rap- 
idly metabolizes lactic acid [17]. 

In contrast, some Kluyveromyces marxianus strains are 
able to ferment lactose and its derivative hexoses. They 
can therefore be used to produce alcohol from whey 
[14,20-23]. 

K. marxianus may also play an important role in cav- 
ity formation in cheese. Co-culture of K. marxianus and 
K. laetis is used for single cell protein production from 
whey in the 'Fromagerie Bel' process [ 17,18,24]. 

ManLy authors have previously used mathematical 
models to study the behavior of  various microorganisms 
in well-defined experimental conditions. Their studies con- 
cerned with the influence of  pH, temperature, NaC1 con- 
tent and water activity on growth [5,7,8,15]. 

In order to determine the potential of  K. marxianus 
strains in the milk industry, we studied the influence of  
physicochemical parameters on the growth of  yeast and 
modeled the influence of  temperature. 

Correspondence to: R. Ratomahenina, Chaire de Microbiologie 
Industrielle et de Gtngtique des Microorganismes, INRA-ENSA 
2, Place Viala, 34060 Montpellier, France. 

M A T E R I A L S  A N D  M E T H O D S  

Biological material 
The two strains studied were KIuyveromyces fragilis 

CBS 397 and Candidapseudotropicalis IP 513. These two 
yeasts belong to the K. marxianus species according to the 
classification of  Barnett [2]. 

Culture conditions 
Culture. All cultures were carried out in Erlenmeyer 

flasks filled to one-tenth of  their volume and shaken (am- 
plitude, 7 cm; oscillations, 80/min). They were incubated 
at 28 ~ C except where otherwise indicated. The G medium 
[ 12] contained 5 g glucose, 1 g KH2PO4, 2 g (NH4)2804, 
6 g NH4HzPO4, 0.1 g NaC1, 0.5 g MgSO4.7H20, 0.1 g 
CaC12, 0.5rag H3BO3, 40rag CuSO4.5H20 , 100rag 
KI, 400rag MnSO4, 200mg Na2Mo4.2H20, 400rag 
ZnSO4.7H20,  200 mg FeC13, 2 mg calcium pantothenate, 
2 mg thyamine, 2 mg inositol, 2 nag pyridoxine, 0.5 mg ni- 
acin, 0.02 mg biotin in 1 liter of  tartrate/tartaric acid 
(0.1 M) buffer, excepted where otherwise indicated. 

Inoculum was taken from a 12-h-old culture on G me- 
dium. The absorbance after inoculation was about 0.5. 

Physicochemicalparameters control. The following buff- 
ers were used: HC1/KC1 (0.1 M) at pH 1-2.5; Tartrate/ 
Tartaric acid (0.1M) at pH 3-5;  Sodium hydro- 
genophosphate/potassium dihydrogenophosphate (0.1 M) 
at pH 6-8.  Tris-HC1 (0.1 M) at pH 9-10. 
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All cultures were carried out in a shaken bain-marie 
(Clifton) with thermostatic control. 

In order to change water activity (aw), NaC1 and poly- 
(ethylene glycol) (PEG) concentrations were calculated 
from values given by Tome and Bizot [31] and then used 
by Guilbert [13]. PEG 400 was used as a water activity 
depression factor because it was not metabolized by the 
yeast. The medium water activity without NaC1 or PE G 
was about 0.9975. 

Napierian growth rate measure 
Growth was monitored using a U V I K O N  930 spec- 

trophotometer. Growth curves (napierian logarithm value 
of cell density over the time) were established for each 
microorganism and for each studied parameter. From 
these curves, the method described by Broughall et al. [3] 
allowed calculation of  the napierian growth rate by linear 
regression. 

Growth modelling 
Two types of mathematical models of  the growth rate 

as a function of temperature are well described in the lit- 
erature. 

(i) A non-linear model derived from the Arrhenius 
equation was proposed by Schoolfield et al. [30] and was 
successfully applied to bacterial growth by Broughall et al. 
[3,4] and Adair et al. [1]: 

# =  
#(25) x T/298 x exp [Ha/R x (1/298 - l/T)] 

{1 + exp [H1/R x (l/T1 - l/T) + exp [Hh/R x (1/Th - 1/7)1} 

where # = growth rate (h-l);  #(25) = growth rate at 25 ~ 
T= temperature in Kelvin degrees; Ha  = constant describ- 
ing the enthalpy activation for microbial growth; 
R=universa l  gas constant (1.987cal tool -I K- l ) ;  
H1 = constant describing the enthalpy for low temperature 
inactivation of  growth; TI = constant describing the tem- 
perature for 50 ~o low temperature inactivation of  growth; 
Hh = constant describing the enthalpy for high tempera- 
ture inactivation of  growth; Th = constant describing the 
temperature for 50~o high temperature inactivation of 
growth. 

(ii) A Belehradek-type model described by Ratkowsky 
et al. [26,27], in which the square root of  the growth rate 
is related to temperature. Many others have previously 
used this model [ 1,6,15,28]. 

/z = b x ( T -  Tram) X {1 - exp [c x ( T -  Tmax)] } 

where # = growth rate constant (h-l);  b = regression coef- 
ficient; T=  temperature in Kelvin degrees; Tmi n and 
Tma x = conceptual temperatures of  no metabolic significa- 
tion (minimum and maximum temperatures, respectively, 

where the growth rate is zero); c = additional parameters 
to enable use of  the model at temperatures above the 
optimal temperature. 

An algorithmic search of  the constants used in the 
above-cited equations (Ha, H1, Hh, T1, Th, b and c) was 
performed with the Marquardt and Gauss-Newton itera- 
tive methods with SAS (Statistical Analysis System) soft- 
ware. Experimental data for # and T were thus used. 

RESULTS 

To determine the influence of  given parameters on the 
growth rate of yeasts, we arbitrarily fixed the other pa- 
rameters at close to optimal values. 

Effect of pH 
The effect of  pH on yeast growth rates is illustrated in 

Fig. 1. 
For pH values ranging from 2.5 to 8 for the IP 513 

strain and from pH 3 to 9 for the CBS 397 strain, the 
growth rates were not significantly affected by pH varia- 
tions. Interestingly strain IP 513 was able to grow at pH 
values between 1 and 2. At pH 2, CBS 397 did not grow. 
On the contrary, CBS 397 grew better at a high pH; the 
upper limits for growth were pH 9 for IP 513 and pH 10 
for CBS 397. 

Effect of sodium chloride content 
Fig. 2 shows that the growth rate decreased linearly 

when NaC1 content was lower than 7 ~o and then dropped 
to 0 at 8~o for IP 513. In the case of CBS 397, the slope 
change only occurred at 8 ~o NaC1 and growth stopped at 
10~o NaC1. 

Effect of water activity 
In some cheeses, a w may be the limiting growth factor 

for microorganisms. Therefore, we monitored growth rate 
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Fig. 1. Variations in the growth rate of IP 513 (O) and CBS 397 
([~) strains as a function of pH. 
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Fig. 2. Variations in the growth rate of IP 513 (0) and CBS 397 
([7) strains as a function of NaC1 content. 

changes :for various aw values using PEG, which lowered 
the availability of the water molecules. 

In Fig. 3, the growth rate variations are given as a 
function of NaC1 or PEG content. On the abscissa, for 
each water activity value, we gave the corresponding NaC1 
and PEG content (~  w/w), according to the equation 
obtained from Tome and Bizot [31]. 

From these results, two remarks may be made: (i) The 
growth rate decreases almost linearly when water activity 
declines. This is in agreement with the observations of 
Troller and Christian [32] who noted that below the op- 
timum aw growth often declines linearly. (ii) These curves 
confirm the better resistance of the CBS 397 strain to the 
a w decrease. When aw was around 0.950, IP 513 was 
unable to grow, whereas the growth of CBS 397 strain was 
completely inhibited at aw of 0.934. Clearly, in this case, 
the bacteriostatic effect of sodium chloride was essentially 
due to its aw depression action. 
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Fig. 3. Variations in the growth rate as a function of water ac- 
tivity with NaC11P 513 (0) and CBS 397 ([~) or PEG 400 (IP 

513 ( - - - 0  ---) and CBS 397 (---[~ ---)). 
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Effect of temperature 
Fig. 4a, b, c, and d show the variations in growth rate 

as a function of temperature for each strain, along with the 
corresponding curves. 

From the experimental values, the optimal and minimal 
growth temperatures for both microorganisms were cal- 
culated using the equation of Ratkowsky. The optimum 
(Topt) and minimum (Tmi~) temperatures were identical for 
both strains: the optimum temperature was 36~ the 
minimum was - 1 ~ C. 

The minimum temperature (Tmi~) is an intrinsic prop- 
erty of the organism when growth conditions other than 
temperature are non-limiting [26]. This indicates that these 
two strains are mesophilic. Indeed, Tmm values for meso- 
philes ranges from about -3  to 27 ~ 

However, the two microorganisms can grow at high 
temperatures: growth was only inhibited at 48 ~ for IP 
513 and at 44 ~ for CBS 397. 

Comparison of growth modelling 
One of the most effective means of comparing two 

modelling systems is to compare predicted values from the 
two models with actual observed data points, using the 
mean square error (MSE) [1]: 

MSE = {(obs - pred)2}/n 

where obs = observed growth rate value; 
Pred = predicted growth rate value; n = number of ob- 

servations. 
The MSE value of the Schoolfield model (8.4 x 10 -4 

for IP513 and 2.3 x 10 -4 for CBS 397) always remained 
lower than the MSE value of the Ratkowsky model 
(22.4 x 10-4 for IP 513 and 18.4 x 10-4 for CBS 397). The 
observed values did not completely fit to the Ratkowsky 
model around optimal growth. 

The better fit with the Arrhenius model was probably 
due to the higher number of constants that took into con- 
sideration inactivation and activation enthalpy of the 
growth-regulating enzyme. Moreover, these constants 
have a biological meaning. The enthalpies of thermal ac- 
tivation (Ha) and thermal inactivation (H1), calculated ac- 
cording to the Schoolfield model were comparable; Ha 
was 5096 cal mo1-1 for IP 513 and 5258 cal mo1-1 for 
CBS 397, H1 was -26000cal  tool -I for IP 513 and 
-27000 cal mol -~ for CBS 397. 

In contrast, the values of Hh, enthalpy of high temper- 
ature inactivation of growth, were quite different: 
261000 cal mo1-1 for CBS 397 and 80000 cal tool -1 for 
IP 513. 

The Schoolfield model is very precise and has biolog- 
ical significant constants (Ha, H1 and Hh), but it is diffi- 
cult to use. The Ratkowsky model seems less exact, but 
is more accessible to non-mathematician biologists. 
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Fig. 4. Variations in the growth rate as a function of temperature 
with the corresponding curves: (a) IP 513 strains, Schoolfield 
model; (b) CBS 397 strain, Schoolfietd model; (c) IP 513 strain, 
Ratkowsky model; (d) CBS 397 strain, Ratkowsky model. Ex- 
perimental IP 513 (O); Modelised IP 513 (-); Experimental CBS 

397 (VT); Modelised CBS 397 (-). 

These models cannot be extrapolated and have to be 
used within the temperature ranges defined for the calcu- 
lation. 

D I S C U S S I O N  

The IP 513 strain grew weakly at pH 2 and there was 
no growth at pH 1.5. This suggests that the cells might be 
resistant to human stomach acidity if taken during meals. 
IP 513 could be used as a 'probiotic' element to induce 
/Lgalactosidasic activity in people who do not possess this 
enzyme. There are many people worldwide who are unable 
to assimilate lactose; this characteristic occurs in Middle 
or Far East populations and in many African ethnic groups 
[ 10]. It is otherwise generally accepted that yeasts offer a 
good biotic contribution (vitamins) and participate in the 
intestinal flora balance [25]. Further experiments will be 
undertaken with nutritionists to investigate this aspect. 

In milk products, pH is never a limiting factor for 
Kluyveromyces [ 16]. Conversly, aw may be important in 
the elimination of this flora. It is well-known that these 
species are relatively scarce after the salting phase in some 
cheeses [9,11]. 

These yeasts grow from 4 ~ C for CBS 397 and to 48 ~ C 
for IP 513. IP 513 may be used with thermophilic micro- 
organisms (as those in yogourt) at 45 ~ to produce drinks 
or special products [29]. 

At 12 ~ the growth rates are 0.098 h - i  for IP 513 and 
0.072 h -1 for CBS 397. These values may provide a suit- 
able growth during the ripening phase or the conserving 
phase of cheese. Consequently, in some cases these strains 
may grow during cheese making when the water activity 
is high enough. Finally, the best way to eliminate them is 
by lowering the a w. 

The bacteriostatic effect of NaC1 seems to be essen- 
tially due to its ability to reduce a w. 

R E F E R E N C E S  

1 Adair, C., D.C. Kilsby and P.T. Whithall. 1989. Comparison 
of the Schoolfield (non-linear Arrhenius) model and the square 
root model for predicting bacterial growth in food. Food Mi- 
crobiol. 6: 7-18. 

2 Barnett, J.A., R.W. Payne and D. Yarrow. 1990. Yeasts: 
Characteristics and Identification (second Edn.). Cambridge 
University Press, New York. 

3 Bronghall, J.M., P.A. Anslow and D.C. Kilsby. 1983. Haz- 
ard analysis applied to microbial growth in food: development 
of mathematical models describing the effect of water activ- 
ity. J. Appl. Bacteriol. 55: 101-110. 

4 Broughall, J.M. and C. Brown. 1984. Hazard analysis appfied 
to microbial growth in foods: development and application of 
three dimensionnal models to predict bacterial growth. Food 
Microbiol. 1: 13-22. 



5 Buchanan, R,L. and J.G. Phillips. 1989. Response surface 
model for predicting the effects of temperature, pH, sodium 
chloride content, sodium nitrite concentration and atmosphere 
on the growth of Listeria monocytogenes. J. Food Protect. 
53(5): 370-376, 

6 Chandler, R.E. and T.A. McMeekin, 1985. Temperature 
function integration and the prediction of the shelf life milk. 
Aust. J, Dair. 40: 10-13. 

7 Cole, MN.J. and C. Holyoak. 1990. The effect of pH, salt 
concentration and temperature on the survival and growth of 
Listena monocytogenes. J. Appl. Bacteriol. 69: 63-72. 

8 Davey, K.R. 1989. A predictive model for combined temper- 
ature and water activity on microbial growth during the growth 
phase. J. Appl. Bacteriol. 67: 483-488. 

9 Devoyod, J.J. and D. Spenem. 1970, La flore microbienne du 
fromage de Roquefort VI - Les levures. Le Lalt, 498: 524- 
543. 

10 Frezal, J. and H. Ogier. 1981. Les intol6rances aux sucres. In: 
'Journ~es d'Etude Lactose Galactose'. 30-34 Edn. CNRS, 
Paris. 

11 Galzin, M.~ P. Galzy and G. Bret. 1970. Etude de la flore de 
levure dans le fromage de Roquefort. Le Lait, 491-492: 1-37. 

12 Galzy, P, 1964. Etude g6n6tique et physiologique du m6tab- 
olisme de l'acide lactique chez Saccharomyces cerevisiae 
Hansen. Ann. Technol. Agric. 13: 109-259. 

13 Guilbert, S, 1985. Effects de la composition et de la structure 
des aliments sur l'activit6 et la mobilit6 de l'ean ou de solnt6s. 
Uniw~rsity of Montpellier II, Thesis, Montpellier, France. 

14 Lah~m-GuiUanme, M., G. Moulin and P. Galzy. 1979. Se- 
lection de souches de levures en ,cue de la production d'6thanol 
sur lactoserum. Le Lait, 59: 489-496. 

15 McMeekin, T.A., R.E. Chandler, P.E. Doe, C.D. Garland, J. 
Olley, S. Putros and D.A. Ratkowsky. 1987. Model for com- 
bined effect of temperature and salt concentration/water ac- 
tivity in the growth of Staphylococcus xyIosus. J. Appl. Bac- 
teriol. 62: 543-550. 

16 Moresi, M., C. Nacca, R. Nardi and C. Palleshi. 1979. Factor 
analysis in a whey fermentation by Kluyveromycesfragilis. Eur. 
J, Appl. Microbiol. Biotechnol. 8: 49-61. 

17 Moulin, G., R. Ratomahenina and P. Galzy. 1976. Selection 
de souches de levures en rue de la culture sur lactos6rum. Le 
Lair. 553: 135-142. 

18 Moulin, G. and P. Galzy. 1976. Une possibilit6 d'utilisation 
du lactos6rum: la production de levure. Ind. Agric. Aliment. 
11: 1337-1343. 

161 

19 Moulin, G. and P. Galzy. 1978. Remarks on the metabolism 
ofKluyveromyces lactis van der walt. Mycopathologia 66: 75- 
76. 

20 Moulin, G., M. Guillaume and P. Galzy. 1980. Alcohol pro- 
duction by yeast in whey ultrafiltrate. Biotechnol. Bioeng. 22: 
1277-1281. 

21 Moulin, G., H. Boze and P. Galzy. 1980. Inhibition of alco- 
holic fermentation by substrate and ethanol. Biotechnol. 
Bioeng. 22: 2375-2381. 

22 Moulin, G., M. Guillanme and P. Galzy. 1980. Etude de la 
production d'alcool sur lactos~rum d~prot~in~. Ind. Agric. 
Aliment. 5: 471-474. 

23 Moulin, G. and P. Galzy. 1981. Alcohol production from 
whey. In: Advances in Biotechnology (M. Mooyoung, ed.) 
Vol. II, pp. 181-189, Pergamon Press, New York. 

24 Moulin, G., B. Malige and P. Galzy. 1981. Etude physi- 
ologique de KIuyveromyces fragilis: consequence pour la pro- 
duction de levure sur lactos~rum. Le Lait. 61: 323-332. 

25 Neelakantans, S. and S. Kishan. 1989. Amino acid compo- 
sition of yeast single cell protein grown on paneer whey. J. 
Dairy Res. 56: 813-815. 

26 Ratkowsky, D.A., J. Olley, T.A. McMeekin and A. Ball. 
1982. Relationship between temperature and the growth rate 
of bacterial cultures. J. Bacteriol. 149: 1-5. 

27 Ratkowsky, D.A., R.K. Lowry, T.A. McMeekin. A.N. Stokes 
and R.E. Chandler. 1983. Model for bacterial culture growth 
rate throughout the entire biokinetic temperature range. J. 
Bacteriol. 154: 1222-1226. 

28 Ratkowsky, D.A., T. Ross, T.A. McMeekin and J. Olley. 
1991. Comparison of Arrhenins-type and Belehradek-type 
models for prediction of bacterial growth in foods. J Appl. 
Bacteriol. 71: 452-459. 

29 Robinson, R.K. and A.Y. Tamine. 1975. Yoghourt: a review 
of the product and its manufacture. J. Soc. Dairy Technol. 
28(3): 149-163. 

30 Schoolfield, R.M., P.J.M. Sharpe and C.E. Magnuson. 1981. 
Non linear regression of biological temperature dependent 
rate models based on absolute reaction rate theory. J. Theor. 
Biol. 88: 719-731. 

31 Tome, D and H. Bizot. 1978. Les aliments 5 humidit~ inter- 
m6diaire. Physicochimie. Technologic, formulations. Series 
Syntheses Bibliographiques. 16, A.P.R.I.A., Paris. 

32 Troller, J.A. and J.H.B. Christian. 1978. Water Activity and 
Food. Academic Press, New York. 


