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ABSTRACT

Seventy-two cartons of yoghurt were sampled three times at monthly intervals from four different local
manufacturers. Total countswerecloseto 6 x 107 cellsg? of yoghurt. Yeast countsvaried from1t02,700g*. There
was no evidence of systematic contamination at source but this longitudinal study revealed that ad hoc
contamination and improper storage led to the higher yeast counts. Contamination was generdly higher in the
hotter months but was lower overall than reported from other countries. A total of 577 yeast isolates were
identified belonging to ten species. The most abundant yeasts were, in order, Debaryomyces hansenii,
Saccharomyces cerevisiae, Mrakia frigida, Hansenula spp., Candida parapsilosis, Debaryomyces castellii
and Candida maltosa. The psychrophilic yeast Mrakia frigidaisreported for thefirst timein yoghurts. Low level
contamination with Monilia and Penicillium species was found in afew samples. Growth tests suggested that
ability to ferment sucrose, growth at 5°C and in the presence of 300 pg g sorbate preservative, were the three
most significant physiological properties to account for these yeasts in yoghurts. The data also suggest that
warmer weather and inadequate refrigeration are the principal causesof higher levelsof contamination, increased

diversity and changein microbial flora
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INTRODUCTION

Fermentation isone of the classic methodsto preservefoods.
Milk can befermented by bacteria, yeastsand filamentousfungi
to produce a variety of products such as cheese, butter and
yoghurt. Industrial production of yoghurt is a well-controlled
fermentation process that includes the use of milk, sugar, fruit,
flavouring, colouring, emulsifiers, and specific cultures of micro-
organisms to conduct the fermentation (22). The yoghurt base
is essentially sterile since it is normally heated to about 90°C
before inoculation with levels of lactic acid bacteriain excess
of 107 CFU g to initiate the fermentation. In principle the
microbiology of yoghurts is thus limited to essentially two
bacterial species, Sreptococcus salivarius subsp. thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus, often in a

ratio of 2:1. All other micro-organisms present should be
considered contaminants. Although bacteria can be spoilage
organisms, yeasts and filamentous fungi are often involved in
the deterioration of yoghurts (8,9). They areresponsiblefor off-
flavours, loss of texture quality due to gas production, and
package swelling and shrinkage (12).

Ideally yoghurt should contain less than 10 yeast cellsg* at
the time of production and values higher than thiswill probably
mesan that the yoghurt will spoil before the normal (refrigerated)
shdlf lifeof 30 days. Usudly fruit flavour and colour isadded into
yoghurt after fermentation. Contamination by yeastsisgenerally
related to the fruits added and/or poor hygienic practices during
packaging operation (9). The association of lactose-fermenting
yeastswith dairy productsiswell established (28). Examples of
yoghurts with more than 10° cells g* have been recorded
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(10,13,23,27). Insurveysof retail outletsin Portugd (27), Australia
(10,25) and Nigeria(13) it wasreported that up to 60% of samples
had countsin excessof 10* cellsg™. Vaues of yeasts and moulds
of between 10* and 10° cellsg* werereported in Egypt (15,24). In
the UK (5,6) and Canada (2) up to 30% of sampleshad excess of
102 cellsg™. Countsof morethan 10? cell g werereportedin 95%
of yoghurtsin Spain (3). Inthe USA (14,20) and the Netherlands
(18) contamination wasdightly less.

Yoghurt consumption in Brazil has increased about ten-fold
during thelast decade although it istill behind that of developed
countries. Data in a recent study (17) suggested that mould and
yeast contamination of Brazilian yoghurtswasgeneraly very low
with 11 out of 17 samples containing 10 or less (unidentified)
fungi or yeasts per gram and only two with high levels (10* —10°
cellsg?). Thissuggested that improved hygiene precautionswere
now being adopted. The present study was undertaken with the
aim of extending these quantitative data on incidence in both
standard and fruit yoghurts, examining contamination in thesame
products over a period of time, identifying the contaminating
yeasts and moulds, and attempting to characterise some of the
physiological factors for their growth in yoghurts. Preliminary
work reveal ed that two international -brand manufacturershad the
best possible standards and yeast counts were always below 10
cells gt (data not shown). Accordingly, effort was put into
analysing smaller-scale, local manufacturers where it was
considered, a priori, that hygiene conditions might not be of the
highest standard.

MATERIALSAND METHODS

Sampling

Yoghurt samplesin 200 ml plastic containerswere purchased
inthe months of April, May and June 1997. Six different brands/
types were studied including both plain and fruit yoghurts from
four different local manufacturersusing different sourcesof milk.
Each brand/type was obtained from four different supermarkets
inthe South of Minas Gerais, Brazil providing 72 samplesintota.
All samplesweretransported in anice-box tothelaboratory, where
they were processed immediately. Guided by date coding, only
samples that were within five days of manufacture were chosen
for chemical and microbiological analysis.

| solation and enumer ation of yeastsand moulds

The contentsof each yoghurt container wereuniformly mixed,
and a10.0 ml samplewas aseptically withdrawn, mixed in aflask
containing 90 ml of 0.1% of sterile peptone solution, and then
diluted for counting purposes. Thetotal microbial population was
determined by using Plate Count Agar (PCA; 16). Inoculated plates
wereincubated at 28°C for 48 hours. Filamentousfungi and yeasts
wereenumerated on acidified Y EPG agar (yeast extract 10g; peptone
20g; glucose20g; agar 15g L) which had been adjusted topH 3.5
by the addition of sterilised 1N HCL after being autoclaved. Five
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ml of yoghurt was incorporated into the medium to ensure it was
suitablefor theindigenous species, and theinocul ated plateswere
incubated at 29°C for 7 days. Theacidity was sufficient to suppress
bacteria growth. Filamentousfungi and yeastswereisolated from
acidified Y EPG and checked for purity with only oneisolatebeing
contaminated with bacteria. The strains were then cultured onto
Y EPG platesand maintainedon Y M (yeast extract 3.0g, malt extract
3.0g, peptone 5.0g, glucose 10g, agar 159 per litre of water) dants
(29). The four-fold replication revealed arange of counts within
2% of the mean. Only mean values are shown in thetables.

Yead identification and char acterigtics

| solateswere sampled according to FDA criteria(11) and were
identified to species level by physiological and morphologica
standard methods as recommended by Kreger van Rij (19) and
Kurtzmanand Fll (21). A total of 75testsweredone: Assmilation
of glucose, gaactose, L-sorbose, sucrose, maltose, cellobiose,
trehal ose, lactose, melibiose, raffinose, melezitose, inulin, soluble
amides, D-xylose, L- and D-arabinose, D-ribose, L-rhamnose, D-
glucosamine, N-acetyl-D-glucosamine, methanol, ethanol,
glyceral, erythritol, ribitol, gaactitol (dulcitol), D-mannitol, D-
sorhitol, O-methyl-D-glucoside, sdicin, D-gluconicacid, DL-lactic
acid, sodium succinate, sodium citrate, inositol, hexadecane,
O-ketoglutaric acid, xylitol, L-arabinitol, propane 1.2 diol, butane
2.3dial, lysine, ethylamine, potassum nitrate, cadaverine, creatine
and glucosamine. The other tests were fermentation of glucose,
sucrose, maltose, galactose, raffinose, lactose, trehalose,
melezitose, cellobiose and inulin, starch formation, growth on
presenceof cycloheximide (1%, 0.1%and 0.01%), growth onmedia
containing 50% of glucose, growth at different temperatures (40°C,
37°C, 34°C, 25°C, 19°C, 17°C), growth on vitamin-free medium,
growth on 10% NaCl with 5% glucose, production of a true
mycelium, production of pseudo-mycelium, vegetative
reproduction by budding or splitting, production of ascospores,
production of basidiosporesand growth on 5% malt extract (scoring
cell and colony shape).

All speciesnamesarefrom Kurtzman and Fell (21) except for
the genus Hansenula. This genus name has been retained since
someisolateswere identified before the publication of Kurtzman
and Fell (21) when the proposal to disband this genus was
incorporated inthisdefinitiveyeast taxonomic text with thedifferent
species being placed in the genera Pichia, Williopsis and
Debaryomyces.

Growth at 5°C and 10°C was measured by inoculation of all
identified isolates onto Y EPG plates and incubation for 7 days.
Resistanceto sorbate and benzoate preservativeswas determined
by culturing theisolateson malt extract agar (malt extract 3%wi/v,
peptone 0.5%w/v, agar 1.5%w/v) that incorporated either
potassium sorbate or sodium benzoate per ml. Sorbate and
benzoate werefilter sterilised and added to the medium adjusted
to pH 4 with 1IN HCL. Plates were incubated for 5 days at 25°C.
Four replicates were done for each isolate.



Filamentousfungi identification
Fungal isolateswereidentified by colony and cell morphology
and microscopical observation of conidiosporeformation (1).

RESULTSAND DISCUSSION

Micr oor ganism counts

Four samples were taken of each type of yoghurt and they
showed arange in viable count of £ 2% (data not shown). This
indicatesthat there was no systemeatic problemin either storage or
handling of theyoghurtsin any of theretail outletsfromwhichthe
yoghurts were purchased. The mean values (Table 1) show there
was also no obvious association between time of sampling (batch
number) and total count. All manufacturersinoculated lactic acid
bacteria above the required density of about 107 cells gt but tota
countsshowed aseven—fold rangefrom 1.2x 10" t0 8.8 x 10 CFU
g*. Two manufacturers (A and C) had substantialy higher counts
suggesting poorer control of their production process. Yeast counts
varied from one to 2,723 CFU g? and the highest counts were
associated with the same two manufacturers suggesting poorer
standards of hygiene at these factories. There was a clear
association between levels of yeast contamination and time of
year. Yeast cell density was approximately oneorder of magnitude
higher in April than in June in five out of six brands/types. The
reason for this could be the ambient temperature that was 28°C to
32°CinApril (autumn) and 18°C to 22°Cin June (winter). Therewas
no association between presence and absence of flavouring and
level of yeasts even when the two types were from the same
manufacturer. Many of the yoghurts were at the best possible
specification of lessthan 10 cells per gram and overall thelevel of
contamination was much lower than reported in other countries.

Yeast species

A total of 577 yeast isolates were identified to species level
from 72 yoghurt samples (Table 2). The ten species were, with
numbersidentifiedin parentheses, Debaryomyceshansenii (191),
Saccharomyces cerevisiae (114), Hansenula spp. (91), Mrakia
frigida (68), Candida parapsilosis (44), Debaryomyces castellii
(33), Candida maltosa (31), Schizosaccharomyces pombe (3),
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Candida mogii (1) and Kluyveromycesmarxianus(1). All, except
M. frigida (formerly Leucosporidiumgelidum), have been found
beforein yoghurts. Theidentification smilarity index for M. frigida
was 95.5% whereas the next candidate species, Debaryomyces
ranrijii, was only 80% similar. The psychrophilic yeast Mrakia
frigida has been found before in frozen foods and cold-stored
orangejuice(7) demongtrating that it can copewel | with theacidic,
high sugar environments of both yoghurts and fruit juice. There
was no association between total yeast count and number of
speciesfound but the diversity was twice as great in batches one
and two (an average of three species per lot) compared to batch
three. Perhaps this reflects the ability of more yeasts to grow
when the yoghurtswereimproperly stored inthewarmer autumn
months. In principal, increased diversity could lead to increased
mutualism in breaking down and utilising the food substrate and
thus enhancing spoilage. Different species of yeasts were found
from the same manufacturer on different occasions suggesting
that there was not systematic infection at source but ad hoc
infection and then propagation of that species. Only M. frigida
wasfound in al three batches and only D. hansenii wasfound in
at least one sample from all manufacturers. D. hansenii was also
themost abundant species, found in 11 out of 18 samplesyet was
not foundin Junewhereas S cerevisaewasonly foundin Junein
yoghurts from three manufacturers. D. hansenii was the most
frequently isolated yeast in yoghurt samples from Australiaand
theUnited Kingdom (9,25,26).

The batches with and without fruit flavouring from
manufacturer E/F were likely to have been produced as one lot
with fruit added to some of the batch. Thisis consistent with the
range of species found, the consistently low yeast counts and
the drop in pH by about 0.2 units on addition of the strawberry
fruit. By contrast, the batches with and without fruit flavouring
from manufacturer A/B were apparently made separately as
indicated by therange of species, the differencein countsand the
lack of congruency between the pH.

Physiological characterization
Some basic physiological characterization of al the yeasts
was performed in order to determinetheir ability to grow under

Table 1. Total count of micro-organismsin six brands/types of yoghurts collected in three monthly batches.

Batch! 1 Batch 2 Batch 3
Lot2 Flavouring Total count  Yeastcount Lot Total count Yeast count Lot  Total count Yeast count
Al No 3.7 X107 790.25 A2 8.8 X 107 214.00 A3 3.0 X 107 89.92
B1 Yes 1.9 X 107 10.37 B2 4.6 X 107 1.20 B3 4.4 X107 1.62
Cl Yes 5.5X 107 2723.00 C2 8.6 X 107 289.25 C3 8.6 X 107 142.75
D1 Yes 6.5 X 107 13.72 D2 22X 107 1.65 D3 2.0X 107 12.90
El No 1.8 X 107 43.95 E2 1.2 X 107 2.60 E3 1.4 X 107 1.00
F1 Yes 4.3 X 107 10.40 F2 29X 107 1.52 F3 1.3 X 107 1.27

1Thenumbers 1, 2 and 3 refer to batchesin April, May and June 1997 respectively; 2Thelot code refersto the type/brand of yoghurt.
The four manufacturers are designated A/B, C, D and E/F. Counts arein colony forming units (CFU) g of yoghurt.
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Table 2. Yeast diversity found in yoghurts sampled from three different batches

Yoghurts Batch number!
Lot? Flavouring 1 2 3

A No Mrakia frigida (20), Candida maltosa ~ Mrakia frigida (12), Hansenula spp. (36)

(12), Candida parapsilosis (5), Debaryomyces hansenii (7),
Schizosaccharomyces pombe (2), Candida parapsilosis (2),
Candida mogii (1), Kluyveromyces Schizosaccharomyces pombe (1)
marxianus (1)

B Yes Debaryomyces hansenii (18), Candida  Debaryomyces hansenii (19), Hansenula spp (26),
parapsilosis (8), Candida maltosa (4)  Debaryomyces castellii (9) Mrakia frigida (12)

C Yes Candida parapsilosis (18), Debaryomyces hansenii (18), Saccharomyces cerevisiae
Debaryomyces hansenii (12), Candida  Mrakia frigida (8) (35), Mrakia frigida (8),
maltosa (10) Hansenula spp.(5)

D Yes Debaryomyces hansenii (32) Debaryomyces hansenii (16), Saccharomyces cerevisiae

Debaryomyces castellii (12) (44)

E No Debaryomyces hansenii (10), Mrakia Debaryomyces hansenii (31); Saccharomyces cerevisiae
frigida (8), Candida maltosa (5) Debaryomyces castellii (8) 17

F Yes Debaryomyces hansenii (20), Candida  Hansenula spp. (24), Saccharomyces cerevisiae

parapsilosis (11)

Debaryomyces hansenii (8),
Debaryomyces castellii (4)

(18)

1The numbers 1, 2 and 3 refer to batchesin April, May and June 1997 respectively; 2 Thelot code refersto the type/brand of yoghurt.
Thefour manufacturersare designated A/B, C, D and E/F. Numbersin parentheses are the number of isolatesidentified asthat species.

Table 3. Physiology of yeast speciesfound in yoghurts.

. Growth at Fermentation of  Growth on sorbate at Growth on benzoate at
Yeast species 5°C 10°C Sucrose Lactose 150ug ml! 300 pg ml-! 150 pug ml-! 300 ug ml-!

Debaryomyces hansenii + + + - + + + +
Saccharomyces cerevisiae w + + - + _ + +
Mrakia frigida + + + - + + + +
Candida parapsilosis w + A\ - + w W A\
Candida maltosa W + + - + - + -

Debaryomyces castellii + + + - + W + W
Schizosaccharomyces pombe " + + - + + + W
Candida mogii + + + - + W + W
Kluyveromyces marxianus \W% + + + + + + +

+ = positive, - = negative, W = weak or dow growth.

the selective conditions found in yoghurt (Table 3). All yeast
species identified were able to ferment sugars but, despite
yoghurt containing significant amounts of lactose, only asingle
isolate of alactose-fermenting species, K. marxianus, wasfound.
All other (glucose-fermenting) yeasts were abundant in both
standard (plain) and fruit (glucose-rich) yoghurts. Species of
Debaryomyces and Kluyveromyceswere al so ableto assimilate
lactose suggesting that yoghurt is a particularly good substrate
for their growth. The presence of lactose non-fermenting yeasts
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in yoghurts might be explained by the higher concentration of
sucrose added to this product. All the species isolated were
ableto grow at 10°C and many grew well at 5°C, atemperature
close to the 4°C found in even well refrigerated conditions. K.
marxianus cellsinoculated into yoghurtswere ableto grow from
10?to 108 CFU mi-* during 30 days of storage at 4°C (4). Sorbate
is an approved preservative for yoghurt and benzoate is an
approved preservativesfor fruitsand both areadded in Brazil at
up to 300 pg g*. Most of the yeasts could grow (albeit weakly)



at the higher concentrations. It has been concluded (10) that the
most important determinantsin relation to yeast contamination
of yoghurt seemto be (i) ability to grow well at low temperatures,
(i) ability to ferment sucrose and/or lactose, (iii) production of
enzymesto hydrolysemilk fat and proteinsand (iv) assimilation
of lactic and citric acids. Of the factors tested here, lactose
fermentation was clearly not amajor determinant. D. hansenii,
themost common contaminant both in Brazil and el sawhere, had
attributes (i) and (ii) and was also resistant to the added
preservatives, a factor that looks to be important. Its
“physiological profile” in Table2wasonly matched by M. frigida
suggesting the reason for its abundance. S. cerevisiae is an
exception to this pattern probably because it has the ability to
outgrow almost any other yeast when given sucrose as a
substrate.

Filamentousfungi identification

Filamentous fungi werefound at low levelsonly intwo lots
of fruit pulp yoghurtsfrom one batch. Batch B1 had 21 CFU g!
of Monilia and 4 CFU g* of Penicillium and batch C1 had 6
CFU g* of Monilia suggesting that systematic infection was
not occurring and growth conditions for the fungi were
unfavourable.

CONCLUSIONS

The last major survey showed an unacceptably high level of
yeast contamination in yoghurtsin many countries(8). The most
important conclusion in this study is the overall high quality of
the hygiene in the preparation of yoghurts. Of the eight lots of
yoghurt analysed (including the unpublished data from the
international manufacturers) only two, from two different local
manufacturers, showed unacceptably high levels of yeasts. The
other six lots were at, or close to, the best possible international
standards. Since these resultswere from local manufacturersina
developing country, it strongly suggeststhat there hasbeen global
and systematic improvement of hygiene standards since the
analyses of less than a decade ago.

It is aready known that psychrophiles are potentially major
food spoilage organisms of refrigerated foods and beverages.
The first discovery of widespread incidence of Mrakia frigida
suggests that other cold tolerant, acid-loving yeasts are likely to
emerge as contaminants in the future. It emphasi ses once again
the need for good manufacturing practice.

Thislongitudinal study with repeated sampling from the same
producer gave additiona information on how the contaminating
florachangeswith time. Provided the producer hasgood hygienic
practices, thefloraisnot primarily afunction of producer but time
of manufacture. The data suggest that warmer weather and
inadequate refrigeration are the principal causes of higher levels
of contamination, increased species diversity and change in
microbid flora

Yeasts and fungi in yoghurts in Brazil
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RESUMO

I solamento eidentificacdo deleveduras e
fungos filamentosos em iogurtes

Setenta e duas embalagens de iogurtes de quatro indUstrias
diferentes foram analisadas durante trés épocas diferentes com
intervalomensal. A populacdo microbianatota encontradafoi em
torno de 6 x 107 cBlulas g* deiogurte. A contagem de leveduras
variou entre 1 a2.700 c8lulas g*. N&o foi possivel observar uma
sistemética contaminacdo, mas este estudo longitudina revelou
que contaminacdo ad hoc e armazenamento improprio podelevar
a€elevadas populagdes de leveduras. De modo geral foi detectada
umacontaminagdo maior Nos meses mai s quentesdo ano masem
valoresinferiores aos encontrados em outros paises. Um total de
577isoladosdelevedurasforam identificados como pertencentes
a 10 espécies. Asleveduras mais abundantes foram, em ordem,
Debaryomyces hansenii, Saccharomyces cerevisiae, Mrakia
frigida, Hansenula spp., Candida parapsilosis, Debaryomyces
cagtellii e Candidamaltosa. A levedurapsicréfila, Mrakiafrigida
foi pelaprimeiravez mencionadacomoisoladaapartir deiogurtes.
Foi encontradaem al gumas amostras uma peguenacontaminacdo
por espécies de Monilia e Penicillium. Os testes utilizados para
crescimento sugeriram que habilidade para fermentar sacarose,
crescimento a5°C enapresencade 300 pg g* de sorbato foramas
trés propriedades fisioldgicas mais importantes para a presenca
destas leveduras em iogurtes. Os dados também sugerem que
clima mais quente e refrigeracéo inadegquada s80 as principais
causas de alta nivel de contaminagdo, aumento da diversidade e
mudangana microbiota presente.

Palavras-chave: leveduras, fungos filamentosos, iogurtes,
deterioracdo
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