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Abstract

THE purpose of this study was to investigate the causative agent of a spoilage incident of Greek
yogurt with mixed berries produced by one of the largest dairy manufacturing companies in
Egypt. For this purpose, 5 samples from the affected batch were randomly collected and tested for
sulfite-reducing bacteria growing under anaerobic conditions, coliforms, yeasts, and molds. The
results of enumeration of sulfite-reducing bacteria and coliforms were below the detection limit, while
yeasts and molds agar plates showed growth of yeast.

From each sample, a yeast isolate was selected and identified by 5.8S-ITS rRNA analysis and
sequencing. The yeast species was identified as Hanseniaspora guilliermondii in all the examined
samples. This study is the first to report the association of H. guilliermondii with the spoilage of
yogurt. This study highlights the importance of controlling non-Saccharomyces yeasts in yogurt
production. Further research on the specific spoilage mechanisms of H. guilliermondii in dairy

products is recommended.
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Introduction

Fermented milk and milk-based products of different
formulations in different names are popular
throughout the world for their taste as well as health
benefits.

One of the fermented milks that their demand has
been greatly increased worldwide is Greek yogurt
due to its health benefits, adaptability, and the
growing popularity of low-sugar, high-protein diets.
Greek yogurt is a traditional yogurt that is strained to
remove extra whey, giving a thicker consistency and
a concentrated nutritional profile. Greek yogurt is a
nutrient-dense dairy product with almost twice the
protein level of traditional yogurt, it is a great source
of high-quality protein [1].

Greek yogurt also contains probiotics, which are
good bacteria that maintain gut microbiota and
enhance digestive health, and is high in calcium,
which supports bone health [2]. It is a good choice
for people on low-carb or diabetic-friendly diets
because it contains fewer carbohydrates than
conventional yogurt [3].

Fermented dairy products are generally
considered microbiologically stable because they are
most commonly produced from heat-treated milk,
contain competitive microbiota, which acidify the
product by producing organic acids and stored
refrigerated. However, they are susceptible to
spoilage due to fungal (i.e., yeasts and molds)

contamination, since many fungal species can
flourish under low pH and low temperature
environments [4], resulting in visual defects,

unpleasant sensory characteristics and physical
deterioration of the product [5].

Fungal contamination of fermented dairy
products may originate from the production
environment, frequently from surfaces, or from the
raw ingredients included after fermentation, such as
fruit preparations and other additives [5, 12].

Spoilage fungi isolated from yogurt and cultured
dairy products represent a broad diversity of yeasts
and molds with yeasts often cited as the primary
spoilage organism in these products [5].
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Yeast spoilage of fermented dairy products
presents issues for the dairy sector, resulting in
economic losses from product wastage. Worldwide,
around 11 to 25% of dairy products are wasted,
varying by geography [6], with a significant portion
lost due to fungal deterioration.

In Egypt, dairy production is a key agricultural
sector, yet spoilage incidents threaten product quality
and consumer trust.

This study aimed to investigate the causative
agent of a spoilage incident of Egyptian Greek
yogurt with mixed berries at one of the biggest dairy
manufacturing companies in Egypt.

Material and Methods
Collection of samples

From a batch (50,000 cups, 180 grams each) of
Greek yogurt with mixed berries, manufactured by
one of the the biggest dairy manufacturing
companies in Egypt, showing signs of spoilage (as
bulging of the lid or gas comes out when yogurt cups
lid is removed, off-odors [yeasty odors] and body
defects) before its distribution, 5 samples were
randomly collected and immediately transported to
the laboratory at 4°C and analyzed on the same day
to investigate the spoilage causative agent.

Identification of the causative

microorganism

spoilage

Each sample of the Greek yogurt with mixed
berries were thoroughly mixed and 25 grams of each
sample were aseptically homogenized with 225 ml of
sterile maximum recovery diluent and tenfold serial
dilutions were prepared for determination of the
causative spoilage microorganism.

All  samples  underwent  detection and
enumeration of sulfite-reducing bacteria growing
under anaerobic conditions, coliforms, yeasts and
molds as follows:

Detection and enumeration of sulfite-reducing
bacteria

Sulfite-reducing  bacteria  growing  under
anaerobic conditions were tested according to ISO
15213 [7]. Briefly, 1 ml of each initial dilution were
transferred into Petri dishes and approximately 15 ml
of Iron Sulfite Agar (Merck) previously cooled to 44
°C to 47 °C, were poured into each Petri dish, then
carefully mixed and allowed to solidify, and
incubated under anaerobic conditions at 50 °C for 48
h and 37 °C for 48 h, for thermophilic and for
mesophilic bacteria, respectively.

Detection and enumeration of coliform

The colony-count technique at 37 °C was used as
described elsewhere [8]. Briefly, 1 ml of the tenfold
serial dilution of each sample was transferred into
Petri dishes and approximately 15 ml of crystal violet
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neutral red bile lactose (VRBL) agar medium
(Oxoid, UK), previously cooled to 44 °C to 47 °C,
were poured into each Petri dish, then carefully
mixed and allowed to solidify, and incubated at 44°C
for 24 h.

Detection and enumeration of yeasts and molds

Detection and enumeration of yeasts and molds
was done according to 1SO 6611 [9]. Briefly, the
samples dilutions were inoculated on yeast-extract-
glucose- chloramphenicol agar (YGC) (Merck,
Germany) and yeast and/or mould colonies growing
on the plates were counted after 5 days of incubation
at 25 °C.

The colonies on plates showing growth were
identified based on morphological properties and
subjected to molecular identification using 5.8S-ITS
rRNA analysis and sequencing as described below.

Identification of yeast isolates by 5.8S-ITS rRNA
analysis and sequencing

DNA extraction was performed using QlAamp
DNA Mini Kit (Qiagen®) (Qiagen, Germany,
GmbH) following the manufacturer’s
recommendations. The extracted DNA was used as a
template for PCR as described by Tarini et al., [10]
using primers shown in table 1.

Briefly, PCR was performed in 25- pl reaction
containing 12.5 ul of EmeraldAmp Max PCR Master
Mix (Takara, Japan), 1 pl of each primer (20 pmol
concentration), 4.5 pl of sterile distilled water, and 6
pl of DNA template. The PCR condition was as
follows: 94°C for 5 min; 35 cycles of 94°C for 30
sec, 56°C for 40 sec, 72°C for 45 sec, and a final
extension step at 72°C for 10 min. The amplicons
were separated by electrophoresis on 1.5% agarose
gel. Further, these amplicons were used as templates
for the sequencing reaction.

One strain from each sample was chosen for
sequencing. PCR products of selected strains were
cleaned with a QlAquick Gel extraction kit (Qiagen,
Germany) and sequenced on both DNA strands by
using ITS1 and ITS4 primers and the BigDye
Terminator v 3.1 sequencing standard kit
(ThermoFisher Scientific) following the
manufacturer’s instructions and subjected to
sequencing in an Applied Biosystems 3500 Genetic
analyzer kit (ThermoFisher Scientific).

Sequence comparisons were performed online
using the basic local alignment search tool (BLAST)
program available at the National Center for

Biotechnology Information
(www.ncbi.nlm.nih.gov/blast).

Results

Identification  of the  causative  spoilage

microorganism
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The results of detection and enumeration of
sulfite-reducing bacteria growing under anaerobic
conditions and coliforms were below the detection
limit in the examined samples (<10 cfu/g) On the
other hand, yeasts and molds agar plates showed
growth of yeast colonies (Table 2).

Identification of yeast isolates

Based on colony morphology and microscopic
observation, The isolates exhibited white creamy
colonies with smooth surfaces with circular margins
and the isolates were identified as budding yeast
under microscope.

The results of 5.8S-ITS rRNA analysis (Fig. 1)
and sequencing showed that the obtained yeast
isolates were identified as Hanseniaspora
guilliermondii in all of the examined samples
(GenBank accession number; PQ655481).

DISCUSSION

Even though the additional processing steps for
Greek yogurt generally do not directly expose the
product to the processing environment, control
measures are still necessary to prevent fungal
contamination during production, particularly during
filling and packaging when the product is exposed to
the processing environment.

Sulfite-reducing bacteria and/or coliforms are
usually alleged for yogurt spoilage; however, they
were not the causative agent of spoilage incident that
has been investigated in the current study.

The predominant yeast species that frequently
contaminate fermented dairy products are Candida
spp., Torulaspora delbrueckii, Saccharomyces
cerevisiae, Rhodotorula spp., Debaryomyces
hansenii, Kluyveromyces marxianus, and Yarrowia
lipolytica [4, 11-12] (). However, in the current study
none of them was the cause of the spoilage incident.

The combined use of colony morphology and
microscopic observation and molecular methods in
the current study have led to the identification of the
yeast species. This study is the first to report the
association of H. guilliermondii with the spoilage of
yogurt.

Hanseniaspora, are yeasts mainly found mainly in
soil, on fruits and trees and in spoiled foods and
beverages, and there are several species in the genus
Hanseniaspora which are physiologically very
similar [13].

H. guilliermondii is a widespread species that is
mostly linked to plants and a variety of fruits [14-
15]. It was also reported as a prevalent species in
early stages of cocoa bean fermentations in Indonesia
and in West Africa [16-18]. Arroyo-Ldpez et al.,
[19], by wusing molecular methods, detected
occurrence of H. guilliermondii in processed black
table olives.

H. guilliermondii, is known for its fermentative
abilities and production of enzymes like f-
glucosidase, may contribute to flavor changes and
spoilage. H. guilliermondii is one of the prevailing
apiculate yeast species on wine grapes [20].

In Egypt, where fruit inclusions are increasingly
used in yogurt, ingredient screening is critical. H.
guilliermondii’s  fermentative metabolism may
explain gas production and off-odors. Even low
initial contamination (<102 CFU/g) can lead to
spoilage during cold storage, underscoring the need
for improved hygiene and bioprotective cultures [12].

Consequently, we believe that the berry
ingredients likely introduced these yeasts to the
Greek yoghurt examined in our study, which then
proliferated during storage especially that fungal
spoilage can occurs throughout the product's shelf
life and may arise from minimal initial contamination
levels.

Dairy producers may find it challenging to
identify quality flaws in a particular batch prior to the
expiration of its shelf life. Therefore, it is critical to
comprehend and forecast how various factors,
including storage temperature, duration, and the
existence of food cultures with bioprotective
properties, affect the quality of the final product [12].

CONCLUSION

In  conclusion, this study identifies H.
guilliermondii as a spoilage agent in Egyptian Greek
yogurt, marking its first association with dairy
products. Molecular methods were essential for
accurate identification, highlighting their role in
quality assurance. To mitigate risks, dairy
manufacturers should enhance fruit ingredient
sterilization and monitor cold chain integrity. Further
research on H. guilliermondii’s spoilage mechanisms
in dairy products is. recommended.
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TABLE 1. Primers sequences, target gene, amplicon size

Target gene

Primers sequences (5°—3°)

Amplified segment (bp)

ITS

ITS1: TCCGTAGGTGAACCTGCGG

Variable

ITS4: TCCTCCGCTTATTGATATGC

TABLE 2. Enumeration of sulfite-reducing bacteria, coliforms, yeasts and molds in spoiled Greek yogurt with mixed

berries samples

Tested microorganism Results (CFU/g)
Sulfite-reducing bacteria <10

Coliforms <10

Yeasts >3x10*

Molds <10

Fig 1. Representative results of PCR amplification of 5.8S-ITS. Lanes 1 to 3: yeast isolates, M: Marker (100 bp
ladder)
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