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Modeling growth for predicting the contamination level of

guava nectar by Candida pelliculosa under different conditions
of pH and storage temperature
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The combined effects of temperature (2-46 °C) and pH (1.55-6.25) on the growth of Candida pelliculosa isolated from
guava nectar produced in Cameroon were studied using a turbidity method, ie measurement of optical density at

630 nm. A quadratic polynomial model was constructed to predict the effects and interactions of these two environ-

mental conditions on the maximal optical density obtained ( r? =0.97). The relation between optical density and popu-
lation density of C. pelliculosa (CFU ml~)was also established using an exponential regression ( r? =0.99). According
to the model, maximal growth conditions were 37  °C and pH 6.25 for obtaining the maximal optical density of 1.25
corresponding to about 60 x 10° CFU ml~1. A good agreement of the model was found between the predicted values
and the observed values of maximal optical density. The model was validated by the experimental values of maximal

optical density obtained in the growth of C. pelliculosa in commercial guava nectar (pH 3.15).
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Introduction adequate quality control policy and infrastructure in their
. : industries.
The shelf-ife of many foods and the growth of micro- During recent years, research in predictive microbiology

organisms depend on the effects of multiple variables sucnalS increased [3,7,14,18]. Development of mathematical

as temperature, pH and type of acidulant, water activity an - .
character of humectant, absorption and desorption iS(f’l_nodels would allow manufacturers to optimize quality and

therms, oxygen availability, carbon dioxide levels, redoXsafety in food production and distribution chains and aid

. ; - ay-to-day decision making.
potential, nutrient content and availability, and the presencg .
of antimicrobials [3,6,14]. In a wide range of foods and Few data are available on response surface models for

beverages with high sugar content and low pH, yeasts aéredmtmg the effects of environmental conditions on the

X . ; rowth of yeasts in tropical fruit juices and necta@an-
often the most common spoilage microorganisms [5,13, 21k, helliculosais one of the prevalent yeasts isolated from
In Cameroon, guava nectar is the most important of thqr

L uit juices and nectars produced at the industrial level in
fruit juices and nectars produced (about 70% of the ' .
production), followed by pineapple juice, passion-fruit andCameroon. This study was conducted to establish a math-

grapefruit nectars. The majority of small-scale industriesemat'c"’II model for predicting the growth of this yeast in

involved in the production of these beverages do not usguava nectar as a function of pH and storage temperatures.
chemical preservatives, but only pasteurization and/or
deep-freezing as preservation methods [10,20]. Materials and methods

Yeasts most frequently isolated from fruit juices and nec-
tars produced at the pilot plant unit of Njombe Agronomic
Research Station in Cameroon includédndidaspp and
Saccharomycespp [19]. In Nigeria in orange juicdichia
spp, Candidaspp andSaccharomycespp were the most

Micro-organism and media

The same strain o€andida pelliculosasolated from fer-
mented pineapple juice, guava and passion-fruit nectars
produced between September 1994 and February 1995 by
It_he ‘Socigé Agro-Industrielle des Fruits de [I'Ouest’

prevalent [8].' These spoilage microorganisms were gene(SAIFO) of Cameroon was used for the investigation. The
ally responsible for the poor quality and frank spoilage of i (s identified with 99.9% probability by the Diag-
g;%?ui%tsd%%g?(? ﬁorac%ﬁ’nmg'g hbggglgsgeg?q]heevggksgfn'gmostic Service of Biomerieux .(France) using ID 32 C strips.
ping Pure cultures of yeasts were stored &€ th Potato Dex-
trose Broth (PDB, Sigma, France). Enumeration of CFU’s
(poured plates) was performed on Potato Dextrose Agar
Correspondence: Dr J Tchango Tchango, Laboratoire de Technologie Ai(PDA, Biokar Diagnostics, France) acidified to pH 3.5 with
mentaire, Station de Recherches Agronomiques de Njpnife 13 10% tartaric acid. after incubation at°®2 for 48 h.
Njombg Cameroon . ’ . .
2Present address: Laboratoire de Cryptogamie/Phytopathologie, Uriiversite, Commercial Quava nec?ar (pH 3.15; 1T)EE|’|X). was ((J:en_- .
du Littoral, BP 699-62228. Calais Cedex, France trifuged and adjusted to different pH values with 20% citric

Received 1 December 1995; accepted 30 August 1996 acid or 2 N NaOH. Then it was filter-sterilized using a Min-
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isart sterile disposable syringe filter holder (SM 16555, pore 14 4 27
size 0.45um, Sartorius GmbH, Germany). For the prep- ~—
aration of inocula (pre-culture), isolated colonies from PDA g 1.2 4
were picked and grown at 32 for 72 h in commercial P
guava nectar (pH 3.15) which had been centrifuged ant ¢ 1.0 J_
sterilized at 110C for 30 min. NS
Experimental procedures *? 08 r
A factorial design was used to determine the effects ant é’
interactions of temperature and pH. The growth kinetics @ 0.6 +
were established in duplicate for different temperatures (2 E
5, 10, 15, 25, 32, 35, 37, 39 and°4®, and pH values & 04 +
(1.55, 1.85, 2.00, 2.50, 3.15, 4.00, 5.00 and 6.25). 2

Growth studies were done directly in spectrophotometric oo.

- ) 0.2 -
cuvettes. Cuvettes were sterilized by soaking them over
night in 95% ethanol, followed by drying them under a

flow of sterile air and subsequently in an oven atGQdor 0.0 4 T
2-3 days. Duplicate sterilized cuvettes were then filled witr 0O 5 10 15 20 25 30 35 40 45
1 ml filter-sterilized guava nectar at different pH values.

They were inoculated with 2l of the pre-culture contain- CFUml-'x10¢

ing 3.6x 10° to 3.9x 10° CFU ml?* of C. pelliculosa corre-

sponding to an initial cell count in the cuvette after inocu- Figure 1 Calibration curve of the growth &andida pelliculosan com-
lation of about 7.2 10° to 7.8x 10 CFU mI.. They were ~ Me'cidl guava nectar (pH 3.15; 10.Brix) at 32°C.

then closed hermetically with sterile stoppers and incubated

at different temperatures. The optical density (@pof in Figure 2. The maximal optical densities occurred after
each cuvette was read every 3 h at 630 nm. The cuvettegbout 90 h incubation. The storage period generally adopted

were stirred manually before each reading. by fruit juice industries to detect fermented product before
distribution was about 1 week, so we did not take into
Statistical analyses and model development account the incubation time for the construction of our

Taking into consideration the maximal ambient temperaturenathematical model.

in Cameroon and in the major part of tropical countries Figure 3 shows a three-dimensional plot of the measured
(about 37C), and the pH of fruit juices and nectars, only maximal optical density (mean of two replicates) in relation
temperatures from°Z to 37C and pH from 2.00 to 6.25 to the growth parameters pH and temperature. The highest
were included in the model. The statistical analyses werealue of maximal OD (1.095 for about 391C°
performed using the version 5.0 of STAT-ITCF (‘Institut CFU mit) was obtained at 3T and pH 6.25. The maximal
Technique des Qeales et des Fourrages’, Paris, France)OD values obtained at pH 1.55-2.00 were very low,
computer program. The quadratic polynomial model wasespecially at 2C and 468C.

constructed with the experimental values to define the

mathematical relationship between maximal optical densit 14

resulting from the growth of. pelliculosain guava nectar, "= *- ' T

initial pH values of the culture media (P variable) and incu- & 12 #

bation temperatures (T variable in degrees centigrade). A ~ <

exponential regression was used to define the relationshi en 1 i )
between CFU mt of C. pelliculosaand OD0y,, N e % ..
.Q O. 8 Al \\EELﬂ\
Results and discussion N X T
| | | 5061} & NN
An exponential regression was used to define the relatior :

ship between the number of viable cells on PDA and the — 04
OD resulting from the growth of. pelliculosain commer- )
cial guava nectar. That relationship, with the corresponding
calibration curve shown in Figure 1, was defined as:

CFU mi? of Candida pelliculosa
= (3190794.27) - %?°©D),
with r2=0.99, and d.f=8.

Time (h)

The growth kinetics were measured on duDllcate CUI_Figurez Growth curves offandida pelliculosan guava nectar at differ-

tures. Some examp[es of growth curves@f pelliculosa  ent pH values: 1.558), 1.85 (), 2.00 &), 2.50 (1), 3.15 (), 4.00 @),
in guava nectar at different pH values at°G2are shown 5.00 @) and 6.25 {0) at 32C.
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According to the model, the maximal population density
of C. pelliculosa(at maximal OD value of 1.25) was about
5.6x 10" CFU mI* at pH 6.25 and 3. In commercial
guava nectar (pH 3.15) stored at °@0 (refrigeration
temperature), 25, 32 and 37 (ambient temperatures in dif-

. ferent Cameroonian and tropical regions), the predicted
Maximal  maximal population densities ofS. pelliculosa were
optical respectively: 9.%10° CFU mI* (max OD value of 0.49),
density 1.9x10°CFUmI* (max OD value of 0.77), 1.8

10°CFUmI  (max OD value of 0.78), and
1.7x 10° CFU mi? (max OD value of 0.73). On the other
hand, at pH 2.50 (guava pulp) and temperature values of
10, 25, 32 and 3T, the predicted maximal population den-
sities of the yeast were respectively: 8.70° CFU mi?
(max OD value of 0.44), 1.4 10’ CFU mit (max OD
value of 0.64), 1.% 10’ CFU mI (max OD value of 0.61),
and 1.1x 10° CFU mi* (max OD value of 0.54).
Figure 3 The three-dimensional plot of the maximal optical density This model, as We"_ as all the multlfactqual models,
values at 630 nm (mean of two replicates) resulting from the growth ofPrésents three essential advantages: allowing a study of
Candida pelliculosan guava nectar at different pH values and storage many factors and their interactions, and good correlation
temperatures. with experimental values. But this type of model could
become very complex and fragile especially when too many
] ) . _ factors are included [2,17]. This is why authors of multifac-
The mathematical equation for the quadratic polynomiakorial models validate their mathematical model with other
model constructed, with 84 degrees of freedom (d.f.) wasgxperimental values obtained under the same conditions

[15].
Max OD = 0.0288T+ 0.0726P- 0.0008F The present model was validated by another experiment
— 0.012P +0.0056T - P carried out on growth of the same yeast in commercial

guava nectar (pH 3.15). The values of the maximal optical
Transformation of the parameters included in the modeldensity obtained were 0.83 (predicted value of 0.73) at

for example max OD to In(max OD), in order to improve 37°C, 0.72 (predicted value of 0.75) at %5 0.82

the model as is usually done [2,4,11,16,22] was not necedpredicted value of 0.78)_ at 3¢, 0.79 (predicted value of

The maximal optical density values predicted by the(predicted value of 0.49) at 1Q, 0.42 (predicted value of
model were plotted at different temperatures and pH value3-43) at 8C, 0.28 (predicted value of 0.32) &G and 0.16
(Figure 4). A good agreementr?=0.97) was found (Predicted value of 0.20) at’e. o
between the predicted values and the observed values of The model was not validated with commercial pineapple
maximal optical densities as shown in Figure 5.
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Figure 4 The predicted effects of storage temperature and pH on the

growth of Candida pelliculosan guava nectar, derived from the response Figure 5 Relationship between predicted values and experimental values
surface equation. of the maximal optical density.
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juice (pH 3.95) and passion fruit nectar (pH 3.03). YeastReferences

growth was faster and more abundant in these beverage
than in guava nectar, possibly because pineapple juice an
passion fruit pulp contain more available sugar (13.5g per
100 g and 13.0 g per 100 g respectively) than guava pulp2
with only 5.5 g per 100 g of edible parts [9]. The average
available sugar contents of pineapple, passion fruit and
guava, nutrients needed for the growth of the yeast
[1,12], were reported to be: fructose (3.7 g, 4.0 g and 2.6 g4
per 100 g, respectively), glucose (3.7 g, 4.8 g and 2.1 g per
100 g, respectively), and sucrose (6.1g, 4.2g and 0.7 g
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able amount of proteins, minerals and micronutrients suche
as vitamins [9] also needed by the yeast [1,12]. This con-
firms that the culture medium composition and the environ-
mental conditions both affect the growth of micro-
organisms [3,6,14].

To predict the growth of microorganisms in beverages, 8
it would be necessary for producers of fruit juices and nec-
tars to develop in some cases a mathematical model for
each product and for each spoilage microorganisms foundg
in the beverages.

The choice of maximal optical density as a parameter in
the model, among others such as growth rate, arose fro%
the fact that it gives a general idea of the maximal popu-
lation density of the yeast in the beverage and could easily
be compared with standards for fruit juices and nectars, in1
relation to pH and the preservation temperatures of the pro-
duct contaminated b¢. pelliculosa

According to the present model, fruit juices and nectars;,
could be fermented b{. pelliculosaat different storage
temperatures (2-3T) and pH values (2.00-6.25). The
growth of the yeast could be limited by acidifying the bev- 13
erages (with citric acid for example) and storing the pasteu-
rized products at lower temperatures. In all instances,
efficient pasteurization associated with aseptic packagingy4
eliminating the risk of recontamination, would preserve
good commercial and microbiological qualities of fruit
juices and nectars during storage and distribution.

Although our model appears to slightly underestimate the

15

29

Botton B. 1991. La physiologie des levures. In: Biotechnologies des
Levures (Larpent JP, ed), pp 97-169, Collection Biotechnologies,
Masson, Paris.

Bratchell N, AM Gibson, M Truman, TM Kelly and TA Roberts. 1989.
Predicting microbial growth: the consequences of quantity of data. Int
J Food Microbiol 8: 47-58.

3 Buchanan RL. 1993. Predictive food microbiology. Trends Food Sci

Technol 4: 6-11.

Buchanan RL and JG Phillips. 1990. Response surface model for pre-
dicting the effects of temperature, pH, sodium chloride content, sodium
nitrite concentration and atmosphere on growtlisteria monocyto-
genes J Food Protect 53: 370-376.

Deak T. 1991. Foodborne yeasts. Adv Appl Microbiol 36: 179-278.
Deak T and LR Beuchat. 1993. Use of indirect conductimetry for pre-
dicting growth of food spoilage yeasts under various environmental
conditions. J Ind Microbiol 12: 301-308.

7 Dodds KL. 1993. An introduction to predictive microbiology and the

development and use of probability models w@lostridium botuli-
num.J Ind Microbiol 12: 139-143.

Efiuvwevwere BJO and JA Oyelade. 1991. Biodeteriorative and phys-
ico-chemical changes in modified atmosphere packaged oranges and
the microbial quality of preserved and unpreserved juices. Trop Sci
31: 325-333.

Favier JC, J Ireland-Ripert, C Laussucq and M Feinberg. 1993. Reper-
toire genéral des aliments — Tome 3 — Table de composition des
fruits exotiques, fruits de ceuillettes d'Afrique. Ciqual-Cneva, Orstom
et Inra, Tec & Doc Lavoisier, pp 3-38.

Foyet M and J Tchango-Tchango. 1994. Transformation de la goyave
et de la grenadille: extraction de pulpe, formulation et conservation de
nectars. Fruits 49: 61-70.

Gibson AM, N Bratchell and TA Roberts. 1988. Predicting microbial
growth: growth responses of Salmonellae in a laboratory medium as
affected by pH, sodium choride and storage temperature. Int J Food
Microbiol 6: 155-178.

Heikki S and O Erkki. Yeast physiology and biochemistry. 1971. In:
The Yeasts, Vol 2 (Rose AH and JS Harrison, eds), pp 3—-74, Academic
Press, London.

Kneifel W and S Brettbacher. 1992. A simple method for the detection
of fermenting yeasts in fruit mixes, fruit yogurts, and dessert products
by using CQ-sensitive gaz diffusion tubes. Chem Mikrobiol Technol
Lebensm 14: 169-176.

Labuza TP and B Fu. 1993. Growth kinetics for shelf-life prediction:
theory and practice. J Ind Microbiol 12: 309-323.

Little CL, MR Adams, WA Anderson and MB Cole. 1992. Compari-
son of a quadratic response surface model and a square root model
for predicting the growth rate oYersinia enterocoliticaLett Appl
Microbiol 15: 63—68.

maximal op’[ica| density values compared to the experi_16 Membre JM and JL Tholozan. 1994. Modeling growth and off-flavours

mental values at some temperatures, the use of turbidity as gg’ggfig‘l”;;’_f 4555?”2(?8 beer bacterectinatus frisingensisJ) Appl

well as _Other rap|d mlcroblology metho_ds such as '_nd”_’ECtﬂ Palumbo S, A Williams, RL Buchanan and JG Phillips. 1991. Model

conductimetry [6] seem to be convenient for monitoring  for aerobic growth ofAeromonas hydrophil&144. J Food Protect 54:

yeast activity and generating a large amount of data that 429-43s.

can be used to develop predictive models for growth oft8 RO(;Ne ;V'T- 1](933_- Pfedigﬁve %iﬁf%bi&',ogyé),ulsisz f%gg‘szi?‘”g quality

; and safety of dairy products. J Ind Microbiol 12: —336.

food sp0|lage yeasts. 19 Tchango-Tchango J, T Njine and R Tailliez. 1992. Quatiterobiolo-
gique de jus et nectars de fruits exotiques. Microbiol Alim Nutr 10:
199-206.

20 Tchango-Tchango J, T Njine and R Tailliez. 1993. Effet de la pasteur-
isation sur les qualie sensorielles des jus et nectars de fruits
exotiques. Microbiol Alim Nutr 11: 151-156.

This investigation was supported by a Post-Doctoral Grangl Truong-Meyer XM, P Strehaino and JP Riba. 1994. Thermal treatment

from the Francophone Agency for High Teaching and of yeast cells in a strawberry product—enumeration procedure. Appl

Research (AUPELF-UREF) and financial support of the,,, 'icropiol Biotechnol 41: 262-266.

. . . . . 22 Zaika L, JG Phillips and RL Buchanan. 1992. Model of aerobic growth
Cameroonian Ministry of Scientific and Technical  ghigella flexneruinder various conditions of temperature, pH, sodium
Research (MINREST).

choride and sodium nitrite concentration. J Food Protect 55: 509-513.

Acknowledgements



Predicting the contamination of guava nectar
J Tchango Tchango et al

30



