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ABSTRACT

Fungal spoilage remains a challenge facing the industry with 5 – 10% of food wasted
annually. This decreases manufacturers’ profitability and threatens the sustainability of the
industry. It also negatively impacts consumer experience. Some mold strains have the ability to
produce toxic mycotoxins endangering consumers health. Post-pasteurization contamination can
occur in many stages limiting the effectiveness of pasteurization in preventing spoilage. Adding
to that, consumers are increasingly looking for “clean labels” out of health consciousness. In my
thesis, I focused on investigating the antifungal potential of protective cultures as well as lactose
oxidase as bio-preservatives in dairy products.
For protective cultures, cottage cheese and queso fresco were inoculated with 3 different
commercial protective cultures (designated PC1 of Lactobacillus spp., PC2 of Lb. rhamnosus &
PC3 of Lb. rhamnosus) following manufacturer recommended dosage. A positive control with no
protective culture was included. Nine genera of yeast (Candida zeylanoides, Clavispora lusitaniae,
Debaryomyces hansenii, D. prosopidis, Kluyveromyces marxianus, Meyerozyma guilliermondi,
Pichia fermentans, Rhodotorula mucilaginosa, and Torulaspora delbrueckii) and eleven species
of mold were included in the study (Aspergillus cibarius, Aureobasidium pullulans, Penicillium
chrysogenum, P. citrinum, P. commune, P. decumbens, P. roqueforti, Mucor genevensis, M.
racemosus, Phoma dimorpha, and Trichoderma amazonicum).
All strains were previously isolated from dairy processing environment and were spotted
on cheese surface at a rate of 100 CFU. Samples were stored at refrigeration temperature (6± 2
°C). Yeast levels were enumerated at 0, 7, 14 &21 days post-inoculation. Significant inhibition
(p<0.05) was determined individually for each yeast strain by comparing yeast counts for each
protective culture treatment against control cheese using one-way analysis of variance (ANOVA)
with Bonferroni correction performed individually for at time point 7, 14- and 21-days postinoculation. Mold growth was visually observed on cottage cheese and queso fresco for 42- and

72-days post-inoculation respectively and imaged. Results showed that commercial lactic acid
bacteria varied in performance based on breadth of mold and yeast at both genus and species level,
and thus each protective culture maybe ideal against specific strain taking into consideration food
matrix factors impacting fungal growth.
For lactose oxidase (LO), we did screening of LO antifungal activity using two different
enzyme concentrations (1.2 and 12 g/L) against five Penicillium spp. strains (Penicillium
chrysogenum, P. citrinum, P. commune, P. decumbens, and P. roqueforti) on set-yogurt stored at
21± 2 °C for 14 days. Through day 14, mold growth was only observed on wells with no LO for
all Penicillium spp. strains. Based on this finding, we decided to detect the minimum inhibitory
level of LO using four enzyme levels (0.12, 0.48, 0.84 and 1.2 g/L) each Penicillium spp. strain.
For P. chrysogenum, P. citrinum, and P. roqueforti, minimum inhibitory level was detected as 0.48
g/L LO. P. commune was inhibited at higher level detected as 0.84 g/L LO. P. decumbens results
suggest that it was the most sensitive among tested Penicillium spp. strains showing inhibition at
LO level as low as 0.12 g/L.
Comparing pH values of different LO levels (0.12, 0.48, 0.84, 1.2 and 12 g/L) on set-yogurt
to control with no lactose oxidase at day 14 of storage at 21± 2°C, significant difference (p<0.0001
for each respective comparison) was detected. Nonetheless, we expect slower rate of reaction and
lower impact on pH under refrigerated conditions over set-yogurt shelf life. Overall, our results
suggest potential antifungal efficacy of LO against common spoilage organisms in dairy product
with residual lactose and relatively low-pH.
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CHAPTER 1:
CONTROLLING FUNGAL SPOILAGE IN FRESH CHEESE, APPROACHES AND
LIMITATIONS: A REVIEW

1. Introduction
Fresh cheeses, also known as non-ripened cheeses, are generally characterized by their
mild flavor profile. The fact that fresh cheeses do not need ripening, makes them available for
consumption right after production. Fresh cheeses are becoming more attractive to consumers
particularly for their suitability for young children given their soft and smooth texture and for
special diets given their low caloric content (Fox et al. 2017).
Typically, fresh cheeses have high moisture content ranging from 55–84 % resulting in a
soft and smooth texture. Low salt level ranging from 0.2 – 2.5% only contributes to flavor profile
of fresh cheeses with a minimal impact on water activity. This negatively impacts shelf life to less
than 4 weeks for cold-packed fresh cheeses (Fox et al. 2017). Cream cheese, Cottage cheese,
Quark, Fromage frais and Ricotta are all classified as fresh cheeses (Schulz-Collins and Senge
2004).
Fresh cheeses can be classified based on the nature of coagulating agent into 3 groups:
acid-based, rennet/acid and acid assisted with heat. Acid-based coagulated cheeses include cream
cheese, quark and Fromage frais. Cottage cheese is an example of rennet/acid coagulated fresh
cheese while paneer, ricotta and queso blanco are examples of acid assisted with heat fresh cheese
(Fox et al. 2017).
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2. Fresh cheese susceptibility to spoilage and spoilage organisms
Food spoilage renders food product unsuitable for consumption while increasing food
waste and negatively impacting sustainability. Fresh cheese represents a nutrient rich media for
the growth of spoilage microorganisms given its high moisture content and pH value, and relatively
low salt levels (Lucey 2011).
Common spoilage organisms in fresh cheeses include: Gram-negative psychrotrophic
bacteria, mold, and yeast. These microorganisms can reach the final product in different stages of
production starting from contaminated milk through raw ingredients, processing equipment, air,
water and personnel (Sperber and Doyle 2009). Implementation of Good Manufacturing Practices
(GMP) throughout cheese manufacturing process is critical to decrease the incidence of spoilage
and produce fresh cheese of high quality (Garnier, Valence, and Mounier 2017).
Gram-negative psychrotrophic bacteria have the ability to grow under temperatures as low
as 4 to 7 °C. The genus Pseudomonas is the main cause of raw milk spoilage under refrigeration
owing its ability to grow at temperature less than 7 °C. Thermal treatment of milk kills
Pseudomonas spp. Still, some enzymes produced by Pseudomonas spp. are heat tolerant and may
survive pasteurization. Enzymes include proteases, lipases, and lecithinases. This enzymatic
activity results in changing organoleptic properties of cheese, lowering soft cheese throughput and
eventually economic loss (Decimo et al. 2014). Other Gram-negative psychrotrophic bacteria
prevalent in cheese include: Alcaligenes spp., Achromobacter spp., Escherichia spp., and
Micrococci spp. (Ho, Howes, and Bhandari 2016).
Fungal spoilage is a challenge facing food industry resulting in an estimated loss of 5 to
10% of total production (Pitt and Hocking 2009). Mold and yeast spoilage starts at food product
surface followed by expansion into food matrix changing food color, appearance and producing
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off-flavors (Ho, Howes, and Bhandari 2018). Yeast commonly associated with fresh dairy products
include: Candida spp., Debaryomyces hansenii, Geotrichum candidum, Kluyveromyces
marxianus, Pichia spp., Rhodotorula spp., and Yarrowia spp. (Garnier et al. 2017; Sperber and
Doyle 2009).
D. hansenii, G. candidum, Kluyveromyces spp., Pichia spp., and Yarrowia lipolytica have
been previously isolated from raw milk as well as starter cultures (Fröhlich-Wyder, Arias-Roth,
and Jakob 2019). More than 20 different species of Candida had been traced back in spoilage of
dairy products. Most prevalent species were: C. parapsilosis, C. lusitaniae, C. inconspicua, and
C. intermedia (Garnier, Valence, and Mounier 2017). Debaryomyces hansenii has a unique salt
tolerance ability making brine a potential source of contamination during cheese making (Pitt and
Hocking 2009). Geotrichum candidum is common spoilage organism in raw milk. The virtue that
G. candidum grows rapidly covering equipment surfaces gave it the name “machinery mold”
(Botha and Botes 2014). Kluyveromyces marxianus survival in dairy products is attributed to its
ability to utilize lactose as carbon source producing ethanol and carbon dioxide. K. marxianus can
survive wide range of pH from 2 to 8. Gas forming property of K. marxianus can be an advantage
in manufacturing certain cheese varieties (Fröhlich-Wyder, Arias-Roth, and Jakob 2019). Reports
show that Pichia fermentans was previously isolated from feta-style cheeses (Fröhlich-Wyder,
Arias-Roth, and Jakob 2019). Rhodotorula mucilaginosa has a characteristic bright pink color and
can survive temperatures as low as 0.5°C. Minimum water activity for R. mucilaginosa survival is
0.92 making fresh cheese an ideal medium for growth (Pitt and Hocking 2009). Yarrowia lipolytica
has the ability to survive at high salt level and low temperatures. Adding to that Y. lipolytica
secretes lipolytic enzymes that change food organoleptic properties making cheese a good
environment for growth (Lanciotti et al. 2005).
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Mold genera commonly associated with cheese spoilage include: Aspergillus spp.,
Cladosporium spp., Mucor spp., Penicillium spp., and Phoma spp. (Fernandez et al. 2017; Garnier
et al. 2017; Sperber and Doyle 2009; Pitt and Hocking 2009).
Ingestion of mycotoxin produced from genera such as Aspergillus and Penicillium spp. can
result in toxicity and negatively impacts human health (Morin-Sardin, Rigalma, Coroller, Jany, &
Coton, 2016). Penicillium spp., Cladosporium spp., and Phoma spp. have the ability to grow in
temperature as low as 1 to 5 °C (Sørhaug 2011). Mucor spp. is non-mycotoxin producing mold
that is prevalent in nature and can be found in air or soil (Morin-Sardin et al. 2016; Pitt and Hocking
2009). Meat, fruits, vegetables and dairy products are highly susceptible to spoilage by Mucor
spp.. Mucor spp. is known for producing “cat hair” surface on food product. Some Mucor species
are becoming of an interest due to their ability to enhance organoleptic properties of certain cheeses
such as M. fuscus and M. lanceolatus (Morin-Sardin et al., 2016). P. roqueforti is as secondary
starter culture in making Roquefort, Gorgonzola and Stilton among other blue-vined cheeses
giving this strain a unique economic value in the dairy industry. P. roqueforti and other Penicillium
spp. developed resistance to sorbates given their ability to breakdown sorbates removing carboxyl
group and forming trans-1,3 -pentadiene. This results in the formation of objectionable kerosenelike flavors and decreases sorbates effectiveness against spoilage organisms (Fernandez et al.
2017; Pitt and Hocking 2009; Sørhaug 2011). Penicillium spp. developed a different sorbate
resistance mechanism by reducing sorbates to 4-hexanol or 4-hexanoic acid (Pitt and Hocking
2009; Sørhaug 2011).
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3. Commonly used preservation methods in fresh cheese, associated opportunities and
challenges
Fungal spoilage has been a challenge facing the food industry. In dairy products, hurdle
technology is implemented to limit fungal spoilage as well as pathogens at different production
levels. This includes: enhancing air quality, sanitation/ cleaning practices of all food contact
surfaces, thermal processing, refrigeration (Garnier, Valence, and Mounier 2017; Clark and Potter,
2007). Generally speaking, appropriate pasteurization destroys mold and yeast. Still, postpasteurization contamination is a challenge. Interventions adopted by the industry to
limit/minimize fungal spoilage include: food-grade preservatives, modified atmospheric
packaging, antimicrobial packaging, and bio-preservation (Fernandez et al. 2017).
3.1. Food-grade preservatives
Food-grade preservatives, are also known as antimicrobial agents, are added to food
products in order to protect against microbial contamination (Silva and Lidon 2016). Though most
preservatives have well-established antifungal activity, increasing consumer demand for clean
label put pressure on manufacturers to explore naturally-occurring alternatives.
Benzoic acid is the most widely used preservative in food products (Reis et al. 2012). The
antifungal activity of benzoic acid and benzoates is well-known in dairy products. Adding to that
it has antioxidant properties. Benzoic acid is Generally Recognized As Safe by the United States
Food and Drug Administration (GRAS) with a maximum level up to 0.1% (Center for Food Safety
and Applied Nutrition, FDA 2018).
Propionic acid has fungistatic activity as well as bacteriostatic activity against both Grampositive and Gram-negative bacteria (Reis et al. 2012). It is also GRAS with no upper limit
specified by FDA for its use in cheese (Center for Food Safety and Applied Nutrition, FDA 2018).

5

It is a metabolite of Lactobacillus spp. as well as Propionibacteria spp. (Garnier, Valence, and
Mounier 2017).
Sorbic acid, 2,4-hexadienoic acid, is a non-saturated linear fatty acid with well-established
fungicidal activity. Still, efficacy against fungi is strain and species selective. Effective dose in
food can be as low as 0.02% and Sorbic acid has the virtue of being flavorless and tasteless up to
0.3% (Stopforth, J. D., Sofos, J. N., & Busta, F. F. 2005; Silva and Lidon 2016). Sorbic and
sorbates are GRAS. FDA specified the upper limit for usage as 0.3% by weight as sorbic acid
alone or combined with potassium or sodium sorbate for cheeses and related cheese products
(Center for Food Safety and Applied Nutrition, FDA 2018).
Sorbate salts are more commonly used as sorbic acid is sparingly soluble in water. Sorbates
use in fresh cheese is one of their main applications. According to literature, some mold strains
developed the ability to degrade sorbates forming 1,3-pentadiene that has kerosene-like flavor.
Mold strains with ability to break down sorbates include: Aspergillus, Fusarium, Mucor, and
Geotrichum (Stopforth, J. D., Sofos, J. N., & Busta, F. F. 2005; Silva and Lidon 2016). Some
Penicillium spp. can reduce sorbates producing 4-hexanol or 4-hexanoic acid (Pitt and Hocking
2009). These resistance mechanisms compromise sorbates effectiveness against spoilage
organisms.
3.2. Modified atmospheric packaging
The use of modified atmospheric packaging (MAP) implies that container headspace is
replaced by gases that limit/minimize growth of microorganisms of concern (Gálvez et al. 2007;
Garnier, Valence, and Mounier 2017). MAP attracted consumer attention as means to enhance
shelf life without using preservatives (Brown, Forauer, and D’Amico 2018). In this review, we are
focusing on MAP that limits yeast and mold growth in fresh cheeses.

6

Nitrogen (N2) and carbon dioxide (CO2) are the most commonly used gases in MAP either
separately or as a mixture of different proportions. CO2 ability to dissolve in water and fat results
in package collapse giving more advantage to N2 as it is not soluble in either (Ho, Howes, and
Bhandari 2016). N2 is non-reactive tasteless gas generally used as filler with other gases (Farber
1991). CO2 efficacy can be attributed to its ability to alter intracellular pH, disrupt cell membrane
ability to uptake nutrients, affect enzymatic activity or distort protein structure (Brown, Forauer,
and D’Amico 2018; Farber 1991).
A study by Scott and Smith (1971) showed that using CO2 negatively affected flavor profile
of cottage cheese. Panelists reported “sour” and “acid” taste for cottage cheese samples flushed
with CO2 following storage in glass containers at 3-4 ºC for 10-12 days. Samples flushed with N2
were equally acceptable as control. Another study conducted by Kosikowski and Brown (1973)
showed that CO2 and N2 were equally effective in inhibiting mold and yeast growth through day
73 of storage at 4ºC. At day 122, inhibition continued in CO2 flushed containers while N2 flushed
package had mold and yeast counts around 4 log cfu/g. Acceptable fizzy taste was reported for
CO2 flushed cottage cheese. Both CO2 and N2 flushed samples were reported as bitter at day 73
(Kosikowski and Brown 1973).
In a study by Brown, Forauer, and D’Amico (2018), the use of modified atmospheric
packaging as well as vacuum packaging inhibited yeast and mold growth to less than 1 log cfu/g
on queso fresco throughout day 35 of storage at 7 ºC. Conditions tested in the study include:
vacuum, 100% N2, 30% CO2: 70 % N2, 50% CO2: 50 % N2, 70% CO2: 30 % N2, and 100% CO2.
Air was included in the study being the control.
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3.3. Antimicrobial packaging
Few studies investigated using antimicrobial packaging/ coating of plant origin in limiting
spoilage in fresh cheeses. A study explored antifungal impact of allyl isothiocyanate (AIT) sachets
in sliced mozzarella packaged in Polyethylene/NYLON bags and showed 3.6 log reduction of
mold and yeast count samples compared to control at day 15 of storage at 12 ºC ± 2 ºC (Pires
2009). Another study investigated the antifungal efficacy of AIT sachet added to the interior of
cottage cheese lids at 10°C ±2 °C and 5°C ±2 °C for 35 days. Results indicated that fungal growth
was inhibited in AIT-containing cups compared to control with no AIT sachets under both storage
conditions throughout day 35 (ConceiÃ§Ã£o GonÃ§alves et al. 2009).
3.4. Bio-preservation
Bio-preservation is defined as using natural agents in foods with the objective of enhancing
food safety and potentially extending shelf life. With increasing consumer health awareness and
growing demand for “clean label” products, bio-preservation is gaining increased attention
exploiting its potential in different food applications. Biopreservatives can be either of plant,
animal or bacterial origin (Singh 2018). Essential oils are example of biopreservative of plant
origin and examples of essential oils include: saponins, flavonoids, carvacrol, thymol, citral,
eugenol, linalool, terpenes, and their precursors. Pleurocidin and lactoperoxidase are examples of
biopreservatives of animal origin. Lactic acid bacteria (LAB) and its metabolites, natamycin and
MicroGARD are examples of biopreservatives of microbial origin (Singh 2018; Galvez et al.
2014).
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3.4.1. Plant-based biopreservatives: Essential oils
Essential oil is defined under ISO 9235:2013 as “product obtained from a natural raw
material of plant origin, by steam distillation, by mechanical processes from the epicarp of citrus
fruits, or by dry distillation, after separation of the aqueous phase — if any — by physical
processes”. Essential oils are hydrophobic liquids rich in volatile components giving each essential
oil its unique aroma. Volatile compounds compromise 90 – 95% of oil composition. These
compounds include monoterpenes, sesquiterpene hydrocarbons and their oxygenated derivatives,
aliphatic aldehydes, alcohols and esters. Essential oils are secondary metabolites secreted by plants
as defense mechanism against parasites or fungi (Khorshidian et al. 2018).
The primary use of essential oils in food products is as flavoring agents. Essential oils use
is gaining more popularity as they are mostly considered GRAS and are clean label friendly. More
research is carried out to explore their antimicrobial potential, minimum effective concentration,
susceptible organisms, mechanisms of action and impact on food organoleptic properties
(Hyldgaard, Mygind, and Meyer 2012; Khorshidian et al. 2018).
A study was conducted by Zantar et al. (2014) to evaluate the antifungal activity of Thymus
vulgaris and Origanum compactum essential oils in Moroccan fresh goat cheese, known as Jebn.
Origanum compactum at 0.1% level was most efficient in extending cheese shelf life up to 12 days
at 8°C by keeping yeast and mold count less than 105 cfu/g compared to control with shelf life of
only 6.4 days. The study showed no significant difference in consumer acceptability to control
cheese with no essential oil compared to cheeses with essential oils.
Adding essential oils to cheese could potentially affect flavor profile decreasing consumer
preference to this type of biopreservation. A study by Makhal et al. (2014) investigated the impact
of adding 30, 40 and 50 ppm of 30 % thymol solution on fungal spoilage as well as quality
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attributes of direct-acidified cottage cheese. Results indicated that adding thymol delayed fungal
growth under refrigerated conditions (4 -5°C) at least till day 8 compared to control with no
thymol. For flavor profile, at day 0 all thymol-treated cottage cheese samples were reported to
have “disgusting medicinal flavor” that increased with increasing thymol concentration compared
to control. At day 12, significant deterioration (p<0.05) in flavor profile was noted for control and
sample treated with 30 ppm thymol. This was only noted at day 16 and day 22 for cottage cheese
samples treated with 40 and 50 ppm of 30 % thymol solution respectively.
3.4.2. Animal-based biopreservatives
Lactoperoxidase (LPO) is an enzyme endogenous to mammary milk including bovine,
sheep, goat and human milk. LPO is the second most prominent enzyme in milk following xanthine
oxidase. It catalyzes the reaction between hydrogen peroxide (H2O2) and thiocyanate (SCN-)
leading to the formation of antimicrobial hypothiocyanite (OSCN-) together with water (H2O).
LPO, hydrogen peroxide and thiocyanate together are called “Lactoperoxidase system” (LPS).
This is a naturally-existing defense system for newly born infants. Hypothiocyanite activity is
attributed to disrupting cytoplasmic membrane by oxidizing sulfhydryl groups on protein (Koksal,
Gulcin, and Ozdemir 2016; Smithers and Augustin 2013). Being heat-sensitive, 30% of LPO
activity is lost following HTST pasteurization (72°C for 15 seconds) while activity is lost
completely upon UHT pasteurization (80°C for 15 seconds) limiting LPO applications (LaraAguilar and Alcaine 2019; Barrett, Grandison, and Lewis 1999).
Pleurocidin is heat-stable protein isolated from the mucosal cells of many animals that
showed antibacterial activity against Gram-positive, Gram-negative bacteria as well as pathogenic
fungi (Galvez et al. 2014). A study by Burrowes et al. (2006) evaluated the antifungal efficacy of
pleurocidin isolated from the winter flounder (Pleuronecetes americanus) against Aspergillus
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oryzae ATCC 1010 and Penicillium expansum ATCC 7861 in vitro on micro titer plates with serial
dilutions of pleurocidin. Results showed pleurocidin ability to inhibit P. expansum ATCC 7861
with a Minimal inhibitory concentration of 20.6 micro mole while no inhibition was evident
againist A. oryzae ATCC 1010. Nonetheless, no studies investigated the antifungal efficacy of
pleurocidin in fresh cheese.
3.4.3. Microbial-based biopreservatives
Lactic acid bacteria (LAB) are an example of bio-preservative of microbial origin (Garnier,
Valence, and Mounier 2017). LAB is non-spore forming, facultative aerobic Gram-positive
bacteria. Given their GRAS (Generally Regarded As Safe by the United States Food and Drug
Administration) status. LAB has long history of use in food for fermentation as starter cultures to
impart textural and flavor properties to food product. Fermentation itself is considered a
preservation technique to extend milk shelf life. Moreover, using LAB is environmental-friendly
and does not require extensive capital investment for implementation (Crowley, Mahony, and van
Sinderen 2013).
Different mechanisms of action can explain the antifungal activity of LAB including: i)
secreting a variety of organic acids such as lactic acid, phenyllactic, 4-hydroxy-phenyllactic,
propionic and acetic acids rendering the medium not suitable for the growth some microorganisms
ii) its ability to produce metabolites interfering with DNA synthesis such as reuterin, also known
as 3-hydroxypropionaldehyde (3-HPA), produced by Lactobacillus reuteri

iii) secretion of

dipeptides and fatty acids with antifungal spectrum of activity iv) producing bacteriocins,
proteinaceous compounds with antifungal activity (Crowley, Mahony, and van Sinderen 2013;
Galvez et al. 2014; Garnier, Valence, and Mounier 2017).
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Natamycin, also known as pimaricin, is an antifungal agent with a GRAS status produced
as a fermentation product of Streptomyces natalensis (Ture et al. 2011). FDA limits the maximum
concentration of natamycin as 20 ppm in food product (Center for Food Safety and Applied
Nutrition, FDA 2018). The antifungal activity of natamycin is attributed to its ability to bind
ergosterol in plasma membrane and prevent fungi growth (Welscher et al. 2008). Natamycin is
used as surface treatment to protect cheeses against fungal spoilage (Silva and Lidon 2016). A
study by Nilson et al. (1975) demonstrated the antifungal efficacy of natamycin in delaying
Aspergillus niger and Saccaromyces cerevisiae growth on cottage cheese. In this study, antifungal
efficacy of natamycin increased by both decreasing temperature and increasing natamycin level.
Nonetheless, evaluating natamycin efficacy against target fungal spoilage organism should ideally
be confirmed before adding natamycin to product as it was reported that natamycin could increase
fungal growth rate. A study by Marín et al. (2017) showed that Aspergillus varians, Mucor
racemosus, Penicillium chrysogenum and P. roqueforti growth rate increased using natamycin (1,
5 and 10 ppm) at water activity values ranging between 0.93–0.97.
MicroGARD is a biopreservative of microbial origin consisting of a combination of
bacteriocins and fatty acids. A study by S. Makhal, Kanawjia, and Giri (2015) investigated the
antifungal efficacy and impact on organoleptic properties of adding three different levels of
MicroGARD (0.20, 0.35 and 0.50 % of the final product) on direct acidified cottage cheese stored
at 4 - 5°C. Results showed that control with no MicroGARD and cottage cheese with 0.50 %
MicroGARD were rated unacceptable by consumers at day 12 and day 26 respectively. At day 16
of refrigerated storage, cottage cheese with 0.50 % MicroGARD had significantly lower (p<0.05)
mold and yeast counts compared to control with no MicroGARD. This study showed that using
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0.50 % MicroGARD in direct acidified cottage cheese could potentially extend shelf life by 14
days under refrigerated conditions.
4. Summary
Each of the traditional preservation methods had cons pushing both industry as well as
research institutes to explore alternative options that could improve food safety and maintain high
food quality for longer shelf life. Not only that, consumers are becoming more educated, and more
health conscious. All of this adds to the importance of biopreservation and stresses exploiting the
potential of natural agents in extending food shelf life. Nonetheless, the effectiveness of
preservation method varies widely depending on the cheese physicochemical properties as well as
processing conditions. While adopting certain preservation method, target consumers and their
preferences, financial implications and ease of implementation should be taken into consideration.
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CHAPTER 2:
EVALUATION OF COMMERCIAL PROTECTIVE CULTURES EFFICACY AGAINST
MOLD AND YEAST IN COTTAGE CHEESE

1. Abstract
Early spoilage in fresh cheese contributes to food loss and negatively impacts consumer
experience. Traditional preservatives, like sorbates and propionates, are being removed given
consumer demand for clean labels. Protective cultures represent a potential clean label alternative
for spoilage control. The study objective was to investigate bacterial cultures efficacy in biopreserving cottage cheese against post-processing fungal contamination.
Cottage cheese curd and dressing were sourced from a manufacturer in New York.
Dressing was inoculated with three different commercial protective cultures (designated PC1
of Lactobacillus spp., PC2 of Lb. rhamnosus & PC3 of Lb. rhamnosus) following manufacturer
recommended dosage. Curd was added to dressing and mixed. A positive control with no
protective culture was included. Nine genera of yeast (Candida zeylanoides, Clavispora lusitaniae,
Debaryomyces hansenii, D. prosopidis, Kluyveromyces marxianus, Meyerozyma guilliermondi,
Pichia fermentans, Rhodotorula mucilaginosa, and Torulaspora delbrueckii) and eleven species
of mold were included in the study (Aspergillus cibarius, Aureobasidium pullulans, Penicillium
chrysogenum, P. citrinum, P. commune, P. decumbens, P. roqueforti, Mucor genevensis, M.
racemosus, Phoma dimorpha, and Trichoderma amazonicum). All strains were previously isolated
from dairy processing environment and were spotted on cheese surface at a rate of 100 cfu/5 g of
cheese. Samples were stored at refrigeration temperature (6± 2 °C). Yeast levels were enumerated
at 0, 7, 14 &21 days post-inoculation. Significant inhibition (p<0.05) was determined individually
for each yeast strain by comparing yeast counts for each protective culture treatment against
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control cheese using one-way analysis of variance (ANOVA) with Bonferroni correction
performed individually for at time point 7, 14- and 21-days post-inoculation. Mold growth was
visually observed at 0, 7, 14, 21, 28, 35- and 42-days post-inoculation and imaged.
PC3 exhibited no inhibition of any yeast or mold in comparison to the control. PC2 showed some
inhibition against a Penicillium chrysogenum but was not effective against yeast. PC1, consisting
of Lacstobacillus spp. strain, showed the broadest efficacy across yeast and molds. PC1 delayed
spoilage caused by three distinct yeast species, D. hansenii, T. delbrueckii, and M. guilliermondii.
While it did show inhibition of D. hansenii, it did not inhibit D. prosopidis. PC1 was able to inhibit
P. commune, P. chrysogenum, P. decumbens, P. roqueforti, and P. dimorpha with different
degrees in comparison to the controls.
The study demonstrates commercial LAB cultures vary in performance based on breadth
of mold and yeast inhibition at both genus and species level, and thus each maybe ideal against
specific strains depending on food matrix.

2. Introduction
Cottage cheese is a soft fresh unripened cheese. It is defined under code of federal
regulations 21 CFR 133.128 as “soft uncured cheese prepared by mixing cottage cheese dry curd
with a creaming mixture” (“CFR - Code of Federal Regulations Title 21” 2018). It was first
commercially produced in the United States in the 1900s (Farkye 2004). In 2017, the average
annual consumption of cottage cheese was estimated at 675 million pounds (“U.S. Domestic
Consumption of Cottage Cheese 2017 | Statistic” 2017). Adding to that cottage cheese sales
represent 5% of total cheese retail sales in the US (“Cheese - US - September 2018: Appendix –
The Market” 2018).
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Cottage cheese making starts with skimmed milk, which may be fortified with either nonfat
dry milk powder (NFDM) or ultrafiltered retentate targeting a total solids content of 11-13%. The
blend is pasteurized followed by homogenization. Cottage cheese is typically fermented with
mesophilic cultures (e.g., Lactococcus lactis subsp. lactis and L. Lactis subsp. cremoris) in the
coagulation step. A low rennet addition may be used to decrease coagulation time and enhance
curd firmness. When the curd is ready, it is cut with appropriate knives to produce curds of desired
size. Allowing time for the curd to heal is crucial to enhance curd firmness throughout the cooking
process. The curd is cooked over a time span of 1-3 hours until the temperature reaches 47 – 56
°C. The curd is then washed with water, cooling down the curd as well as removing excess lactose
and lactic acid. The proportion of curd to dressing is not specified in regulations but a ratio of
60:40 is common in the industry. Cottage cheese dressing typically consists of cream, milk, salt,
stabilizers and preservatives. Stabilizing system can be composed of wide variety of gums,
starches, emulsifiers and phosphates (Joyner (Melito) and Damiano 2015; Lucey, 2011).
Once blended with dressing, the cottage cheese is stored and shipped refrigerated with
product temperature not to exceed 7°C (Clark and Potter - 2007; Lucey, 2011). For regular cottage
cheese, moisture content is around 80% with water activity of approximately 0.98 and fat content
not less than 4% (Jesus et al. 2016). The pH of regular cottage cheese should not exceed 5.2
(“USDA Specifications for Cottage Cheese and Dry Curd Cottage Cheese” 2001). Like many dairy
products, cottage cheese is nutrient rich with high residual lactose levels and a relatively high pH
and moisture content, making it highly susceptible to microbial spoilage (Lucey, 2011).
Cottage cheese spoilage organisms include Gram-negative psychrotrophic bacteria, mold,
and yeast. Gram-negative psychrotrophic bacteria prevalent in cottage cheese include:
Pseudomonas spp., Alcaligenes spp., Achromobacter spp., Escherichia spp., and Micrococci spp.
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(Ho, Howes, and Bhandari 2016; Clark and Potter, 2007). Yeast commonly associated with fresh
cheese spoilage include: Candida spp., Debaryomyces hansenii, Galactomyces spp., Geotrichum
candidum, Kluyveromyces marxianus, Pichia spp., Torulopsis spp., Rhodotorula spp. and
Yarrowia spp. (Garnier et al. 2017; Ho, Howes, and Bhandari 2018; Sperber and Doyle 2009).
Mold genera commonly associated with cheese spoilage include: Penicillium spp., Aspergillus
spp., Mucor spp., and Cladosporium spp. (Fernandez et al. 2017; Garnier et al. 2017; Sperber and
Doyle 2009).
Food loss due to spoilage reduces manufacturers’ financial return and threatens the
industry’s sustainable foot print (Jesus et al. 2016). Fungal spoilage accounts for 5-10% of total
food loss (Pitt and Hocking 2009; Garnier, Valence, and Mounier 2017). It negatively affects
organoleptic properties of food by creating off-flavors, visible defects and potentially changing
texture rendering food products unsuitable for consumption. Moreover, the ability of certain mold
species to produce mycotoxins is becoming a public health concern (Garnier, Valence, and
Mounier 2017; Fernandez et al. 2017).
Mold and yeast are ubiquitous in nature and contamination can occur during different
points of the value chain including farm level, processing plant or even at consumers end. Potential
sources of contamination in the dairy industry include milk, rennet, starter cultures, equipment,
air, personnel and water. This necessitates investigating measures to prevent and control potential
fungal contamination. Preventive measures throughout food production process include: good
manufacturing practices (GMP), hazard analysis and critical control points (HACCP) programs,
sanitation procedures and enhancing air quality (Garnier, Valence, and Mounier 2017; Makhal,
Kanawjia, and Giri 2015).
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To better control potential spoilage, hurdle technologies have been used including thermal
treatment, refrigeration, modified atmospheric packaging, food-grade preservatives and
biopreservation (Fernandez et al. 2017). In spite of these technological advances, postpasteurization contamination is still a challenge and the technologies can create additional
challenges in regard to consumer acceptability. Adding to that, some fungal species have
developed the ability to grow under low temperatures and/or with minimal oxygen level. Using
modified atmospheric packaging can negatively affect product flavor profile. A study showed that
using carbon dioxide in a thermoplastic package of cottage cheese resulted in “acid” and “tart”
tastes as indicated by panelists (Scott and Smith 1971). Additionally, the ability of carbon dioxide
to dissolve in water and fat resulted in packaging collapse and negatively affected consumer
acceptability to this technology (Ho, Howes, and Bhandari 2016). Another resistance mechanism
is the ability of some fungal strains to decarboxylate sorbate and form trans-1,3-pentadiene
creating “kerosene-like” flavor (Fernandez et al. 2017; Pitt and Hocking 2009). Some Penicillium
spp. can reduce sorbates to 4-hexanol or 4-hexanoic acid (Pitt and Hocking 2009). These
mechanisms decrease sorbates effectiveness as a preservative in these products.
Increased consumer demand for clean labels has necessitated exploring alternative
measures to naturally protect against spoilage microorganisms. Biopreservation, also known as
bioprotection or biocontrol, is gaining increased interest as a way to naturally preserve food,
enhance food safety and potentially extend shelf life using naturally-occurring agents. These
agents can either be from animal, plant or bacterial origin. Lysozymes and lactoperoxidases are
examples of biopreservatives of animal origin. Essential oils obtained from different plant parts
are an example of biopreservatives of plant origin. However, essential oils activity against certain
microorganisms is only attained at high levels of oil which can negatively impact flavor profile of

26

food product (Galvez et al. 2014). Antifungal peptides of plant origin include: chitinases,
glucanases and thionins (Galvez et al. 2014). Bacteriocins, propionibacteria, and lactic acid
bacteria (LAB) are examples of biopreservatives of bacterial origin (Garnier, Valence, and
Mounier 2017).
Lactic acid bacteria are non-spore forming, facultative aerobic Gram-positive bacteria.
There is a growing interest in using LAB as bioprotective cultures owing to their GRAS (Generally
Regarded As Safe by the United States Food and Drug Administration) status. LAB have a long
history of use in food fermentation as starter cultures to modify nutritional and organoleptic
properties of food including dairy. LAB are being applied in a wide range of products including
milk, meat, vegetables and bakery products (Crowley, Mahony, and van Sinderen 2013).
The antifungal activity of LAB can be attributed to: i) secretion of a wide variety organic
acids such lactic acid, phenyllactic, 4-hydroxy-phenyllactic, propionic and acetic acids lowering
pH of the medium and making it unsuitable for some microorganisms ii) production of metabolites
interfering with DNA synthesis such as reuterin, also known as 3-hydroxypropionaldehyde (3HPA), produced by Lactobacillus reuteri iii) secretion of dipeptides and fatty acids with antifungal
spectrum of activity iv) their ability to produce bacteriocins, proteinaceous compounds with
antifungal activity (Crowley, Mahony, and van Sinderen 2013; Galvez et al. 2014; Garnier,
Valence, and Mounier 2017).
There are several commercially available LAB bioprotective cultures marketed for their
antifungal efficacy but there exists little public data for cheese manufactures to gauge how these
cultures compare in antifungal spectrum of activity and their potential for shelf-life improvement
in fresh cheeses. In this study, we investigated the efficacy of LAB cultures in bioprotection against
mold and yeast in cottage cheese. The study objectives were as follows: i) Evaluate the efficacy of
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three commercially available LAB cultures advertised as providing protection against fungal
spoilage in fresh cheese. ii) Provide a benchmark for cottage cheese producers to gauge which
cultures may be most effective for their products. We hypothesized that commercial LAB cultures
will vary in performance based on breadth of mold and yeast inhibition at both genus and species
level, and thus each maybe ideal against specific strains depending on food matrix.
3. Materials and Methods
3.1. Protective cultures
Three different commercial protective cultures (designated PC1 of Lactobacillus spp., PC2
of Lb. rhamnosus & PC3 of Lb. rhamnosus) were used throughout the study to challenge fungal
spoilage organisms. Protective cultures were from different manufacturers and manufacturers were
not disclosed due to proprietary purposes. All protective cultures were stored at -80 ± 2°C till used.
3.2. Fungal spoilage organisms
Fungal spoilage organisms were sourced from the Cornell University Food Safety
Laboratory (FSL) isolate collection and the Alcaine research group (ARG) isolate collection. Nine
genera of yeast (Candida zeylanoides, Clavispora lusitaniae, Debaryomyces hansenii, D.
prosopidis, Kluyveromyces marxianus, Meyerozyma guilliermondi, Pichia fermentans,
Rhodotorula mucilaginosa, and Torulaspora delbrueckii) were used throughout the study. Eleven
species of mold spanning five genera were included in the study (Aspergillus cibarius,
Aureobasidium pullulans, Penicillium chrysogenum, P. citrinum, P. commune, P. decumbens, P.
roqueforti, Mucor genevensis, M. racemosus, Phoma dimorpha, and Trichoderma amazonicum).
All strains were previously isolated from dairy processing environment and stocks were stored
frozen at -80 °C. Table 1 shows genus and species identification, type, location and isolation source
for spoilage organisms used throughout study.
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Table 1. Genus and species identification, type, location and isolation source for spoilage
organisms used throughout study
Strain
a

Candida zeylanoides
Clavispora lusitaniaea
Debaryomyces hanseniia
Debaryomyces prosopidisa
Kluyveromyces marxianusa
Meyerozyma guilliermondiia
Pichia fermentansa
Rhodotorula mucilaginosaa
Torulaspora delbrueckiia
Aspergillus cibariusa
Aureobasidium pullulansa
Mucor genevensisb
Mucor racemosusa
Penicillium chrysogenuma
Penicillium citrinuma
Penicillium communea
Penicillium decumbensa
Penicillium roquefortia
Phoma dimorphaa

Type ID

Isolate Source

yeast
yeast
yeast
yeast
yeast
yeast
yeast
yeast
yeast
mold
mold
mold
mold
mold
mold
mold
mold
mold
mold

Cheese
Raw milk
Cheese
Cheese
Raw milk
Yogurt
Raw milk
Dairy Processing Environment
Yogurt
Dairy Processing Environment
Yogurt
Yogurt
Yogurt
Dairy Processing Environment
Yogurt
Cheese
Dairy Processing Environment
Dairy Processing Environment
Yogurt

B90031
B90007
B90013
B90028
B90008
E20377
B90001
E20331
E20442
E20323
E20290
TD0021
E20368
E20332
E20297
B90026
E20320
E20329
E20369

Trichoderma amazonicuma
mold E20387 Yogurt
a
From the Food Safety Laboratory isolate collection, Cornell University, Ithaca, NY
b
From the Alcaine Research Group isolate collection, Cornell University, Ithaca, NY
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3.3. Preparation of yeast inoculum
To prepare yeast inoculum, frozen stocks from the isolate collection for each perspective
yeast strain were streaked on the surface of potato dextrose agar plates (PDA; Hardy Diagnostics,
Santa Maria, CA, USA) followed by incubation at 25°C for 48 hours. A single colony was isolated
from each plate to inoculate 5 mL of potato dextrose broth (PDB; HiMedia Laboratories Pvt. Ltd.,
Mumbai, India) followed by incubation at 25°C for 16 hours. 500 uL of inoculated PDB was
pipetted into sterile 2 mL cryovial (Simport, Beloeil, QC, Canada) and mixed with glycerol at 50%
(v/v) to form yeast stock. Yeast stocks were stored at -80 ± 2 °C until use.
For each yeast strain, stocks were serially diluted in phosphate buffered saline (PBS) and
plated on PDA followed by incubation at 25°C for 48 hours. Yeast colonies were enumerated using
a Color Q-Count instrument for plates (Advanced Instruments, Norwood, MA, USA).
3.4. Preparation of mold spore suspension
To prepare mold spore suspensions, frozen isolates collection of mold strains were spotted
on the surface of malt extract agar plates (MEA; Difco, BD Diagnostics, Franklin Lakes, NJ, USA)
followed by incubation at 25 °C for 30 days until spore formation. Each plate was flooded with 10
mL of PBS containing 0.1% tween 80 (Tokyo Chemical Industry Co., LTD., Tokyo, Japan). Plate
surfaces were gently scraped using sterile cell spreader to free spores and mycelia. To remove the
mycelia, the mold suspension was filtered through four layers of sterile cheese cloth. Spore
formation was confirmed microscopically (Reichert microscope, NY, USA). In sterile 50 mL
falcon tubes (VWR, Radnor, PA, USA), spore suspension was mixed with glycerol at 50% (v/v).
Spore suspension was stored at -80 ± 2°C until use.
For each mold strain, spore suspension concentration was determined by microscopy with
a Neubauer’s improved counting chamber hemocytometer (Paul Marienfeld GmbH & Co. KG,
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Lauda-Königshofen, Germany). Spore counts were confirmed by plating in duplicate on dichloran
rose bengal chloramphenicol agar (DRBC; Becton, Dickinson and Co., Sparks, MD, USA)
followed by incubation at 25 °C for 5 days.
3.5. Inoculation of cheese with protective cultures
Freshly-made preservative-free cottage dry curd and cream dressing were sourced from a
cheese manufacturer in Upstate New York. Immediately before inoculation, each commercial
protective culture was resuspended in ultra-heat temperature-treated (UHT) fat-free milk
(Parmalat®, Buffalo, NY, USA). For each treatment, cream dressing was inoculated with
respective commercial protective cultures (designated PC1, PC2 & PC3) to achieve manufacturer
recommended dosage in creamed cottage cheese. Curd was added to dressing and mixed well.
Control (designated C) with no protective culture was included. All steps were carried out under
aseptic conditions. Treatments were stored under refrigeration overnight (6± 2°C).
3.6. Yeast enumeration
For each yeast strain, four 6-well plates (3.5 cm in diameter, Falcon, Corning, NY, USA)
were prepared following overnight refrigeration of cottage cheese. A single plate was assigned for
each treatment per yeast strain (treatments designated C, PC1, PC2 & PC3).
In each well, 5 ± 0.5 g of cottage cheese was added aseptically. In each well, yeast strains
were inoculated on the surface of cheese samples with a target rate of 100 cfu/5 g of cheese.
Throughout the study, plates were stored at refrigeration temperature (6± 2°C).
To enumerate yeast levels at 0, 7, 14- and 21-days post-inoculation, the content of one-well
was aseptically transferred to a stomacher bag (Whirl-Pak®, Nasco, Fort Atkinson, WI , USA), 45
mL of PBS were added to realize a 1:9 ratio followed by homogenization at 230 rpm for 60 seconds
using a Seward Stomacher® 400 Circulator blender. Samples were serially diluted in PBS and

31

plated in duplicate on PDA supplemented with 25 mg chloramphenicol per liter (CAM; SigmaAldrich Corp., St. Louis, MO, USA). Plates were incubated at 25 °C for 5 days. Figure 1 shows
yeast inoculation and enumeration diagram for cottage cheese stored at 6 ± 2°C.

Dressing sourced from
manufacturer in NY

Refrigerated overnight
6±2 ℃
C
PC1
PC2 PC3
Dressing inoculated with
protective culture following
manufacturer
recommended dosage,
Control C is included

At days 0 ,7, 14 ,21 postinoculation, cheese homogenized
in PBS and plated on PDA + CAM
at 25 ℃

C
PC1
PC2 PC3
Curd sourced from same
manufacturer & added to
each treatment

Cheeses were surface
inoculated with yeast at
100 cfu/5 g

Plates stored at 6±2℃

C

PC1

C

PC1

PC2

PC3

For each challenged yeast
strain, four 6-well plates
prepared, 5 ± 0.5 g cottage
cheese weighed into each
well

Figure 1. Yeast inoculation and enumeration diagram for cottage cheese stored at 6±2 °C, where
(C) is control without protective culture, (PC1) Lactobacillus spp., (PC2) Lb. rhamnosus and
(PC3) Lb. rhamnosus.

3.7. Mold visible growth
Following overnight refrigeration of cottage cheese, two 6-well plates were prepared for
each challenged mold strain where C & PC1 were first and second row of wells respectively of the
first 6-well plate, and PC2 & PC3 represent first and second row of wells respectively of the second
plate. In each well, 5 ± 0.5 g of cottage cheese was aseptically added. Mold strains were inoculated
on the surface of cheese samples in each well at a target rate of 100 CFU/5 g of cheese. Plates were
stored at refrigeration temperature (6± 2°C).
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PC2

PC3

To assess mold outgrowth on cottage cheese, plates were visually observed at 0, 7, 14, 21,
28, 35- and 42-days post-inoculation and imaged using Canon PowerShot SX530 160Megapixel
HS Digital Camera. The following scale was used to report results: (-) no visible mold growth in
all replicates, (+*) cheeses transitioning into matt appearance in some replicates, (+) matt
appearance with no colored mold growth in all replicates, (++*) cheeses transitioning into colored
mold growth is some replicates, (++) mold growth with change in color in all replicates. Figure 2
shows mold inoculation and visual examination diagram in cottage cheese stored at 6± 2°C.

Dressing sourced from
manufacturer in NY

Refrigerated overnight
6±2 ℃
C

PC1

PC2

PC3

C

Dressing inoculated with
protective culture following
manufacturer
recommended dosage,
Control C is included

At days 0 ,7, 14 ,21 , 28, 35 and 42
post-inoculation, cheese visually
examined for mold outgrowth and
imaged

PC1

PC2

PC3

Curd sourced from same
manufacturer & added to
each treatment

Cheeses were surface
inoculated with mold at
100 cfu/5 g

Plates stored at 6±2℃

C
PC1

PC2
PC3

For each challenged mold
strain, two 6-well plates
prepared, 5 ± 0.5 g cottage
cheese weighed into each
well

Figure 2. Mold inoculation and visual examination diagram in cottage cheese stored at 6 ±2° C,
where (C) is control without protective culture, (PC1) Lactobacillus spp., (PC2) Lb. rhamnosus
and (PC3) Lb. rhamnosus.
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3.8. Cheese physical properties
Both moisture and pH values were measure for 2 samples per treatment using CEM
microwave oven (CEM incorporation, Matthews, NC, USA) and edge pH meter (Hanna
instruments, Smithfield, RI, USA) respectively.
3.9. Statistical analysis
Experiments were performed in triplicate for both yeast and mold. Statistically significant
(p<0.05) inhibition of individual yeast strain was determined by comparing yeast counts (log cfu/g)
for each protective culture treatment against control cheese with no protective culture using oneway analysis of variance (ANOVA) with Bonferroni correction performed individually at time
point 7, 14- and 21-days post-inoculation. For this paper, a biological difference was defined as
having both a significant difference (p<0.05) and at least a 1 log difference between the treatment
and the control. Statistical analysis was performed using JMP® Pro software version 14 (SAS
Institute Inc, Cary, NC, USA).
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4. Results and Discussion
Average moisture and pH results for each treatment are shown in table 2.
Table 2. Average pH and moisture results for cottage cheese
Treatment

Moisture %

pH

C

78.32 ± 1.32

4.97 ± 0.09

PC1

78.51 ± 1.44

4.75 ± 0.16

PC2

78.50 ± 1.43

4.95 ± 0.04

PC3

79.10 ± 1.28

4.90 ± 0.06

For yeast, the negative control of each treatment (designated C, PC1, PC2 and PC3) showed
no growth through 21 days of incubation at 6± 2°C. In the context of this study, yeast counts of
more than 105 cfu/g of cheese were considered spoiled. According to literature, at this level
unacceptable changes in flavor, visible defects as well as texture changes are noticeable (Zantar et
al. 2014). For yeast counts that were below the detection limit (20 cfu/g) a value of 1.3 log cfu/g
was used.
For Candida zeylanoides, yeast counts on cottage cheeses inoculated with protective
cultures at day 7, 14 & 21 post-inoculation were not significantly different (p>0.05) compared to
counts on control cheese with no protective culture at the same time point. C. zeylanoides showed
relatively fast growth in all treatments, having yeast counts above the spoilage limit at day 7 postinoculation. Figure 3 (A) shows the growth of C. zeylanoides on cottage cheese at 6 ± 2℃ over 21
days across treatments.
For Clavispora lusitaniae, at day 7 no statistical difference (p>0.05) was detected in yeast
counts among cheeses inoculated with protective cultures compared to control C. At day 14, cheese
treated with PC1 had the lowest average yeast count (5.67 ± 0.47 log cfu/g) compared to control
cheese with 6.40 ± 0.27 log cfu/g. However, no statistical (p>0.05) or biological difference was

35

detected for this time point. It is notable that for C. lusitaniae, at day 14 all treatments reached the
spoilage level with yeast concentration above 105 cfu/g. At day 21, no statistical (p>0.05) was
detected in C. lusitaniae counts among cheeses inoculated with protective cultures compared to
control C. Figure 3 (B) shows the growth of C. lusitaniae on cottage cheese at 6 ± 2℃ over 21
days across treatments.
At day 7, the counts of Debaryomyces hansenii on cottage cheese stored at 6 ± 2℃ did not
show statistical significance (p>0.05) across treatments compared to control cheese. At day 14,
cheese inoculated with PC1 had significantly lower (p=0.0261), by an average of 2.64 log cfu/g,
D. hansenii counts compared to control. However, by day 21, D. hansenii counts were not
significantly different (p>0.05) in cheeses treated with protective cultures compared to control.
For D. hansenii, cheese treated with PC1 reached spoilage limit between day 14 and 21 postinoculation while positive control and cheeses treated with PC2 and PC3 reached spoilage limit
between day 7 and day 14 post-inoculation. This finding suggests potential efficacy of PC1 in
delaying spoilage caused by D. hansenii by an average of one week compared to cheese with no
protective culture. Figure 3 (C) shows the growth of D. hansenii on cottage cheese at 6 ± 2℃ over
21 days across treatments.
Throughout the study time frame, D. prosopidis counts did not show statistical difference
(p>0.05) for cheeses treated with protective cultures compared to control cheese at each respective
time point. For D. prosopidis, spoilage limit was reached across treatments including positive
control cheese before day 7. Figure 3 (D) shows the growth of D. prosopidis on cottage cheese at
6 ± 2℃ over 21 days across treatments.
Kluyveromyces marxianus counts on cottage cheese at day 7, 14 and 21 post-inoculation
were not significantly different (p>0.05) for cheeses inoculated with protective cultures compared
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to positive control cheese at each time point. The spoilage limit for K. marxianus was reached
between day 7 and day 14 post-inoculation for all cheeses with or without protective cultures.
Figure 3 (E) shows the growth of K. marxianus on cottage cheese at 6 ± 2℃ over 21 days across
treatments.
At day 7, the counts of Meyerozyma guilliermondii on cottage cheese with protective
cultures did not show significant difference (p>0.05) compared to control with no protective
culture. M. guilliermondii counts on day 14 had significantly lower levels (p<0.0001) for PC1treated cheese compared to positive control cheese. Moreover, biological meaningful difference
was detected for M. guilliermondii at day 14 between PC1 and positive control cheeses with an
average count of 5.75 ± 0.52 log cfu/g and 6.95 ± 0.28 log cfu/g respectively. M. guilliermondii
counts on PC1-treated cheese continued to be significantly lower (p<0.0001) than the positive
control cheese at day 21. At the same time point, biological difference was observed between M.
guilliermondii counts on PC1-treated cheese compared to positive control cheese with average
counts of 7.41 ± 0.11 log cfu/g and 8.73 ± 0.12 cfu/g respectively. Though PC1-treated cheese
showed significant (p<0.05) and biological difference at both day 14 and 21 post-inoculation, M.
guilliermondii counts reached spoilage limits across all treatments between day 7 and day 14. Our
results indicate that PC1 does inhibit M. guilliermondii growth, and may delay time for spoilage if
the load of M. guilliermondii in a cottage cheese facility was lower than that used in this study,
though this would need to be confirmed. Figure 3 (F) shows the growth of M. guilliermondii on
cottage cheese at 6 ± 2℃ over 21 days across treatments.

Pichia fermentans counts on cottage cheese at day 7, 14 and 21 post-inoculation were not
statistically different (p>0.05) comparing cheeses inoculated with protective cultures to positive
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control cheese at each time point. For P. fermentans, the spoilage limit was exceeded between day
7 and day 14 post-inoculation for all cheeses with or without protective cultures. Figure 3 (G)
shows the growth of P. fermentans on cottage cheese at 6 ± 2℃ over 21 days across treatments.
For Rhodotorula mucilaginosa counts, no statistical significance (p>0.05) was evident
comparing yeast counts on cheeses treated with protective cultures to positive control cheese.
Spoilage limits were reached between day 7 and day 14 post-inoculation for R. mucilaginosa
counts on cottage cheese across treatments. Figure 3 (H) shows the growth of R. mucilaginosa on
cottage cheese at 6 ± 2℃ over 21 days across treatments.
At day 7, Torulaspora delbrueckii counts on cottage cheese were not statistically different
(p>0.05) for cheeses inoculated with protective cultures compared to positive control cheese. At
day 14, cheese inoculated with PC1 had significantly lower counts of T. delbrueckii (p=0.0324)
compared to positive control cheese. At the same time point, a biological difference was observed
between the T. delbrueckii counts on PC1-inoculated cheese and positive control cheese having
average values of 4.24 ± 0.56 log cfu/g and 5.49 ± 0.41 log cfu/g respectively. At day 21, cheese
inoculated with PC1 continued to have significantly lower counts of T. delbrueckii (p<0.0001)
compared to positive control cheese. Biological difference was also observed at day 21 postinoculation between T. delbrueckii counts on PC1-inoculated cheese and positive control cheese
having average values of 4.48 ± 0.55 log cfu/g and 7.40 ± 0.82 log cfu/g respectively. It is notable
that T. delbrueckii counts on PC1-inoculated cheese did not reach spoilage limit throughout the
study while positive control cheese and cheeses treated with PC2 and PC3 reached spoilage limit
between day 7 and day 14 post-inoculation. This suggest potential efficacy of PC1 in protecting
cottage cheese against spoilage caused by T. delbrueckii under refrigerated conditions. Figure 3
(I) shows the growth of T. delbrueckii on cottage cheese at 6 ± 2℃ over 21 days across treatments.
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Figure 3. Growth of yeast strains on cottage cheese at 6±2℃ over 21 days where (C) is control without
protective culture, (PC1), (PC2) & (PC3) are 3 different commercial protective cultures
of Lactobacillus spp. (A) Candida zeylanoides (B) Clavispora lusitaniae, (C) Debaryomyces hansenii,
(D) D. prosopidis, (E) Kluyveromyces marxianus, (F) Meyerozyma guilliermondii, (G) Pichia
fermentans, (H) Rhodotorula mucilaginosa, and (I) Torulaspora delbrueckii. *For counts that were below
the detection limit (20 cfu/g) a value of 1.3 log cfu/g was used.
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In this study, the antifungal activity of protective cultures against mold in cottage cheese
stored at 6 ± 2°C was evaluated by comparing visible mold growth on control cheese with no
protective culture to cheeses with protective cultures inoculated with same mold strain.
Examination was performed on weekly basis over 42 days of incubation. Day 42 was selected as
the last time point as beyond that negative control cheeses, thus not inoculated with mold, started
showing visual growth. Table 3 shows the results of mold growth over 42 days on cottage cheese
at 6 ± 2°C.
For three mold species: Aspergillus cibarius, P. citrinum, and T. amazonicum no visual
growth was observed throughout day 42 on any treatment including positive control with no
protective culture. The viability of the stocks was confirmed (data not shown), and while the
isolates were from dairy products and the dairy environment, these results suggest they do not
grow well in cottage cheese.
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Table 3. Mold growth over 42 days on cottage cheese at 6 ± 2℃ where (C) is control without protective culture,
(PC1), (PC2) & (PC3) are 3 different commercial protective cultures where (PC1) Lactobacillus spp., (PC2) Lb.
rhamnosus and (PC3) Lb. rhamnosus. Mold growth rating scale: (-) no visible mold growth, (+*) transitioning to matt
appearance, (+) matt appearance with no colored mold growth, (++*) transitioning to colored mold growth, (++) mold
growth with change in color. *at day 0 and day 7, no growth was observed for any mold strain across treatments

For both Mucor strains tested in the study, no growth was noted on cottage cheese across
treatments at day 7 post-inoculation. At day 14, all cheeses inoculated with protective cultures as
well as control cheese showed “cat-hair” growth characteristic for Mucor spp. on their surface.
These results show that selected protective cultures had no efficacy in inhibiting Mucor spp.
outgrowth in cottage cheese at 6 ± 2°C. Figure 4 shows M. racemous on cottage cheese at day 7
and 14 post of incubation at 6 ± 2°C.

Figure 4. Mucor racemous outgrowth on cottage cheese at day 7 and 14 of incubation at 6 ± 2°C
with and without protective cultures where (C) is control without protective culture, (PC1)
Lactobacillus spp., (PC2) Lb. rhamnosus and (PC3) Lb. rhamnosus.

42

There were five Penicillium spp. strains used in this study to challenge protective cultures
in cottage cheese and each strain was inhibited differently by each protective culture. As noted
earlier, we did not observe visible growth of P. citrinum in any cheese. For Penicillium
chrysogenum, no growth was observed through day 7 in all treatments and control. At day 14, both
control with no protective culture and cheese inoculated with PC3 started showing matt appearance
indicating partial mold growth. At day 21, all replicates of the control cheese with no protective
culture and cheese inoculated with PC3 displayed green mold growth while cheese inoculated with
PC2 stared showing green growth in some replicates. At day 28, all treatments except the cheese
inoculated with PC1 showed green mold growth. PC1 continued to inhibit visual mold growth of
P. chrysogenum throughout day 42. This suggests potential efficacy of Lactobacillus spp. in
inhibiting visible growth of P. chrysogenum in cottage cheese under refrigerated conditions.
For P. commune, control cheese, cheeses inoculated with PC2 and PC3 showed full mold
growth by day 14, while cheeses inoculated with PC1 started showing visible mold growth by day
21. The same growth pattern of P. commune continued throughout day 42 of storage at 6 ± 2°C.
P. decumbens showed slower growth pattern compared to P. chrysogenum as green mold
growth was not observed on control cheese until day 28. PC2 and PC3 also showed green mold
growth by day 28, suggesting that these cultures were not effective at inhibiting P. decumbens. At
day 42, PC1 continued inhibiting P. decumbens outgrowth. This shows potential efficacy of
Lactobacillus spp. in inhibiting P. decumbens in cottage cheese under refrigerated conditions.
Figure 5 shows P. decumbens growth on cottage cheese at day 28 and day 42 of storage at 6 ±
2°C.
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Figure 5. Penicillium decumbens outgrowth on cottage cheese at day 28 and 42 of incubation at 6
± 2°C with and without protective cultures where (C) is control without protective culture,
(PC1) Lactobacillus spp., (PC2) Lb. rhamnosus and (PC3) Lb. rhamnosus.

For P. roqueforti, PC1 delayed visible mold growth in cottage cheese for one week
compared to the control cheese, PC2 and PC3 treated cheese, which all showed a matt appearance
by day 14. At day 21, all treatments including PC1 showed green mold growth.
For Phoma dimorpha, no visible growth was detected in treatments or control cheeses
throughout day 21. At day 28, control cheese, PC2 and PC3 started showing tan mold growth. The
same pattern continued through day 35. At day 42, PC1 treated cheese started showing tan mold
growth on cottage cheese. This suggest potential efficacy of Lactobacillus spp. in delaying visible
mold growth caused by P. dimorpha on cottage cheese under refrigerated conditions.
In summary, this study showed the potential efficacy of commercial cultures to inhibit
eukaryotic spoilers in cottage cheese. PC3 exhibited no inhibition of any yeast or mold in
comparison to the control. PC2 showed some inhibition against Penicillium chrysogenum, but was
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not effective against yeast. PC1, consisting of Lacstobacillus spp. strain, showed the broadest
efficacy spectrum across yeast and molds. PC1 delayed spoilage caused by three distinct yeast
species, D. hansenii, Torulaspora delbrueckii, and Meyerozyma guilliermondii. While it did show
inhibition of D. hansenii, it did not inhibit D. prosopidis, suggesting that yeast inhibition is species,
not genus, specific. This is in contrast to PC1 efficacy against molds. PC1 was able to inhibit all
Penicillium spp. that grew in cottage cheese in comparison to the controls, as well as delaying
visible growth of P. dimorpha. This may suggest that PC1 has broad efficacy against the genus of
Penicillium, though further challenges will be needed to confirm this observation.
Three species of mold and six species of yeast were not inhibited by any of the protective
cultures used in the study. Both Mucor spp. strains and the Aureobasidium pullulans were not
visibly inhibited. Candida zeylanoides, Clavispora lusitaniae, D. prosopidis, Kluyveromyces
marxianus, Pichia fermentans, and Rhodotorula mucilaginosa. This lack of inhibition suggests
that successful control of these species with protective cultures may be a challenge for cottage
cheese producers. This study did not cover all commercially available protective cultures, it highly
recommend that cottage cheese producers thoroughly evaluate any culture against these species to
ensure their products get the extended shelf life they expect.
The use of protective cultures in fresh cheese attracted the attention of other researchers as
well. Cheong et al. (2014) screened over 800 LAB isolates from different sources for antifungal
activity among which only 12 isolates demonstrated strong antifungal activity against Penicillium
commune using modified overlay assay method. Using 16S rDNA sequencing, isolates were
identified as Lactobacillus plantarum. LAB-inoculated cottage cheese delayed visible mold
growth to at least day 18 compared to control showing visible growth by day 4. Another study by
Fernandez et al. (2017) investigated the antifungal activity of over 80 commercially avaialble LAB
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strains. Using cottage cheese matrix, inhibition of P. commune by Lactobacillus rhamnosus A238
alone or in combination with Bifidobacterium animalis subsp. lactis A026 was reported. Our
results agree with Cheong et al. (2014) and Fernandez et al. (2017) findings as P. commune growth
on cottage cheese was delayed by an additional week in cheeses treated with Lactobacillus spp.
compared to control.
Overall, the findings confirmed our hypothesis that commercial LAB cultures vary in
performance based on breadth of mold and yeast inhibition at both genus and species level, and
thus each protective culture maybe ideal against specific strain taking into consideration food
matrix factors impacting fungal growth. Manufacturers looking into using protective LAB cultures
should investigate their efficacy against specific fungal strains of concern.
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CHAPTER 3:
EVALUATION OF COMMERCIAL PROTECTIVE CULTURES EFFICACY AGAINST
MOLD AND YEAST IN QUESO FRESCO

1. Abstract
Queso fresco is a fresh Hispanic-style cheese with increasing popularity in the United
States. Its high moisture content and pH value (>5.8) together with relatively low salt levels
(ranging from1 - 3%) provide favorable conditions for the growth of spoilage organisms and make
queso fresco a highly perishable product with a relatively short shelf life. With consumers growing
health-awareness, there is more demand for clean labels products. In this study, we investigated
the efficacy of three commercial protective cultures (designated PC1 of Lactobacillus spp., PC2
of Lb. rhamnosus & PC3 of Lb. rhamnosus) as bio-preservative agents against nine yeast strains
(Candida zeylanoides, Clavispora lusitaniae, Debaryomyces hansenii, D. prosopidis,
Kluyveromyces marxianus, Meyerozyma guilliermondi, Pichia fermentans, Rhodotorula
mucilaginosa, and Torulaspora delbrueckii) and eleven mold strains (Aspergillus cibarius,
Aureobasidium pullulans, Penicillium chrysogenum, P. citrinum, P. commune, P. decumbens, P.
roqueforti, Mucor genevensis, M. racemosus, Phoma dimorpha, and Trichoderma amazonicum)
in queso fresco. All fungal spoilage strains were previously isolated from dairy processing
environment. Queso fresco was made on a bench-top scale with few modifications of Leggett et
al. (2012) and Guo et al. (2011) methods where protective cultures were included in cheese making
following manufacturer recommended dosage. A positive control (C) with no protective culture
was included. Fungal spoilage organisms were inoculated on cheese surface at a rate of 100 cfu
and cheeses were stored at 6 ± 2 °C throughout study. For yeast enumeration, cheeses were plated
at day 0, 7, 14 and 21 post-inoculation. Significant inhibition (p<0.05) was detected for each yeast
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strain by comparing yeast counts for each protective culture treated cheese against control cheese
using one-way analysis of variance (ANOVA) with Bonferroni correction performed individually
for at time point 7, 14- and 21-days post-inoculation. Mold growth was visually observed on
weekly basis throughout day 70 post-inoculation and imaged. PC3 showed inhibition of C.
lusitaniae, M. guilliermondi and P. dimorpha while PC2 inhibited the outgrowth of C. lusitaniae,
D. hansenii and P. dimorpha. PC1, consisting of Lacstobacillus spp. strain, had the broadest
spectrum of efficacy across yeast and molds. PC1 delayed spoilage caused by four distinct yeast
strains: C. lusitaniae, D. hansenii, D. prosopidis, and M. guilliermondi as well as inhibiting visible
growth of two mold strains: P. chrysogenum and P. dimorpha. Results suggest that commercial
protective cultures vary in performance based on breadth of mold and yeast inhibition at both
genus and species level. Manufacturers looking into using protective LAB cultures should
investigate their efficacy against specific fungal strains of concern.
2. Introduction
Hispanic-style cheeses are described as cheeses originally produced in Latin American
countries. In 2017, Hispanic population represented 18% of the total population in the US with an
estimate of 58.9 million. By 2045, it is expected that Hispanic population grows to represent 25%
of the total population in the US with an estimate of 93.8 million (United State Census Bureau
2018). This is one of the main reasons for the growing popularity of Hispanic-style cheeses in the
US in terms of manufacturing and consumption (Holle et al. 2018).
Fresh cheeses popularity is increasing among Hispanic-style cheeses accounting for 80%
of total consumption (Saxer, Schwenninger, and Lacroix 2013). Queso fresco is regarded as the
most popular fresh Hispanic-style cheese variety in the US (Torres-Llanez et al. 2006; Van Hekken
et al. 2017).
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Queso fresco is traditionally non-cultured cheese where coagulation is induced by rennet
(Tunick and Van Hekken 2010). It is generally characterized by mild flavor profile with soft
texture (Torres-Llanez et al. 2006). There is no standard of identity for queso fresco, leading to a
wide range of variation in composition. According to literature, composition of queso fresco varies
with wide range for moisture (46 – 57%), fat (18 – 29%) and protein (17 – 21%) content (Guo et
al. 2011). This high moisture content and pH value (>5.8) together with relatively low salt levels
(ranging from 1 - 3%) provide favorable conditions for the growth of spoilage organisms and make
queso fresco a highly perishable product with a relatively short shelf life. The shelf life of vacuum
packaged queso fresco, immediately refrigerated after pressing is not more 8 weeks (Torres-Llanez
et al. 2006; Saxer, Schwenninger, and Lacroix 2013; Van Hekken et al. 2017; Brown, Forauer, and
D’Amico 2018).
Common spoilage organisms of fresh cheese fall into 3 major groups: Gram-negative
psychrotrophic bacteria, mold, and yeast. These microorganisms can reach the final product in
different stages of production starting from contaminated milk through raw ingredients, processing
equipment, air, water and personnel (Sperber and Doyle 2009). Thus, implementation of Good
Manufacturing Practices (GMP) throughout cheese manufacturing process is critical to decrease
the incidence of spoilage and produce fresh cheese of high quality (Garnier, Valence, and Mounier
2017).
Food spoilage negatively impacts the food industry making food products not suitable for
consumption and threatening sustainability (Jesus et al. 2016; Garnier et al. 2017). On average,
fungal food spoilage compromises for 5 – 10% food loss annually (Pitt and Hocking 2009; Garnier,
Valence, and Mounier 2017). Fungal spoilage negatively impacts consumer experience by creating
off-flavors, visible defects and changing food texture. Moreover, consumer health can potentially
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be endangered given some mold ability to produce mycotoxins (Garnier, Valence, and Mounier
2017; Fernandez et al. 2017).
Hurdle technologies have been leveraged to decrease the incidence of spoilage in fresh
cheese industry including milk pasteurization, the use of preservatives as well as modified
atmospheric packaging. However, post-pasteurization contamination remains an issue of concern.
Fungal resistance to traditional preservatives adds to the challenges facing the industry with some
mold species degrading sorbates limiting its fungal efficacy as well as creating off-flavors
(Fernandez et al. 2017). Some Penicillium spp. developed the ability to reduce sorbates to 4hexanol or 4-hexanoic acid (Pitt and Hocking 2009).
Consumers, concerned about the ingredients that go into their foods, are increasingly
demanding “clean label” products. This puts pressure on manufacturers as well as researchers to
exploit natural-occurring alternative methods to enhance food safety and quality (Fernandez et al.
2017). Biopreservation, also known as bioprotection or biocontrol, is gaining traction as a mean to
enhance food safety and potentially extend shelf life using naturally-occurring agents.
Lactic acid bacteria (LAB) are an example of bio-preservative of microbial origin (Garnier,
Valence, and Mounier 2017). LAB are non-spore forming, facultative aerobic Gram-positive
bacteria. Given their GRAS (Generally Regarded As Safe by the United States Food and Drug
Administration) status and long history of use in fermenting food products, there is a growing
interest in exploiting LAB potential as bioprotective cultures (Crowley, Mahony, and van Sinderen
2013).
Different mechanisms of action can explain the antifungal activity of LAB including: i)
secreting of a variety of organic acids such as lactic acid, phenyllactic, 4-hydroxy-phenyllactic,
propionic and acetic acids rendering the medium not suitable for the growth some microorganisms
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ii) production of metabolites interfering with DNA synthesis such as reuterin, also known as 3hydroxypropionaldehyde (3-HPA), produced by Lactobacillus reuteri iii) secretion of dipeptides
and fatty acids with antifungal spectrum of activity, and iv) production of bacteriocins, and other
proteinaceous compounds with antifungal activity (Crowley, Mahony, and van Sinderen 2013;
Galvez et al. 2014; Garnier, Valence, and Mounier 2017).
There are several commercially available LAB bioprotective cultures marketed for their
antifungal efficacy, but no studies were conducted on queso fresco to gauge how these cultures
compare in antifungal spectrum of activity and their potential for shelf-life improvement in fresh
cheese.
In this study, we investigated the efficacy of LAB cultures as bio-preservative agent
against mold and yeast in queso fresco. This study was carried out to: i) Evaluate the efficacy of
three commercially available LAB cultures advertised as providing protection against fungal
spoilage in fresh cheese. ii) Provide a benchmark for queso fresco manufacturers to gauge which
cultures may be most effective for their products. We hypothesized that the antifungal efficacy of
LAB cultures will vary in performance based on breadth of mold and yeast inhibition at both genus
and species level, and thus each maybe ideal against specific strains depending on food matrix.
3. Materials and Methods
3.1. Protective cultures
Three commercial protective cultures (designated PC1 of Lactobacillus spp., PC2 of Lb.
rhamnosus & PC3 of Lb. rhamnosus) were used throughout the study to investigate their efficacy
against fungal spoilage organisms. Protective cultures were sourced from three different
manufacturers that were not disclosed due to proprietary purposes. All protective cultures were
stored at -80 ± 2°C till used.
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3.2. Fungal spoilage organisms
Mold and yeast strains used throughout the study were sourced from the Cornell University
Food Safety Laboratory (FSL) isolates and the Alcaine research group (ARG) isolates. Nine yeast
strains (Candida zeylanoides, Clavispora lusitaniae, Debaryomyces hansenii, D. prosopidis,
Kluyveromyces marxianus, Meyerozyma guilliermondi, Pichia fermentans, Rhodotorula
mucilaginosa, and Torulaspora delbrueckii) were used throughout the study. Eleven species of
mold spanning 5 genera were included in the study (Aspergillus cibarius, Aureobasidium
pullulans,

Penicillium

chrysogenum,

P.

citrinum, P.

commune, P.

decumbens, P.

roqueforti, Mucor genevensis, M. racemosus, Phoma dimorpha, and Trichoderma amazonicum).
All strains were previously isolated from dairy processing environment and stocks were
stored frozen at -80 ± 2°C. Table 4 shows genus and species identification, type and isolation
source of fungal spoilage organisms used in the study.
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Table 4. Genus and species identification, type, location and isolation source for spoilage
organisms used throughout study
Strain
a

Candida zeylanoides
Clavispora lusitaniaea
Debaryomyces hanseniia
Debaryomyces prosopidisa
Kluyveromyces marxianusa
Meyerozyma guilliermondiia
Pichia fermentansa
Rhodotorula mucilaginosaa
Torulaspora delbrueckiia
Aspergillus cibariusa
Aureobasidium pullulansa
Mucor genevensisb
Mucor racemosusa
Penicillium chrysogenuma
Penicillium citrinuma
Penicillium communea
Penicillium decumbensa
Penicillium roquefortia
Phoma dimorphaa

Type ID

Isolate Source

yeast
yeast
yeast
yeast
yeast
yeast
yeast
yeast
yeast
mold
mold
mold
mold
mold
mold
mold
mold
mold
mold

Cheese
Raw milk
Cheese
Cheese
Raw milk
Yogurt
Raw milk
Dairy Processing Environment
Yogurt
Dairy Processing Environment
Yogurt
Yogurt
Yogurt
Dairy Processing Environment
Yogurt
Cheese
Dairy Processing Environment
Dairy Processing Environment
Yogurt

B90031
B90007
B90013
B90028
B90008
E20377
B90001
E20331
E20442
E20323
E20290
TD0021
E20368
E20332
E20297
B90026
E20320
E20329
E20369

Trichoderma amazonicuma
mold E20387 Yogurt
a
From the Food Safety Laboratory isolates collection, Cornell University, Ithaca, NY
b
From the Alcaine Research Group isolates collection, Cornell University, Ithaca, NY
3.3. Preparation of yeast inoculum
To prepare yeast inoculum, frozen isolates were streaked on the surface of potato dextrose
agar plates (PDA; Hardy Diagnostics, Santa Maria, CA, USA) followed by incubation at 25°C for
48 hours. From each plate, a single colony was selected with a sterile loop to inoculate 5 mL of
potato dextrose broth (PDB; HiMedia Laboratories Pvt. Ltd., Mumbai, India) followed by
incubation at 25°C for 16 hours. 500 uL of inoculated PDB was pipetted into sterile 2 mL cryovial
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(Simport, Beloeil, QC, Canada) and vortexed with glycerol at 50% (v/v) to form yeast stock. Yeast
stocks were stored at -80 ± 2 °C until use.
To enumerate yeast strain stocks, the stocks were serially diluted in phosphate buffered
saline (PBS) and PDA followed by incubation at 25°C for 48 hours. Yeast colonies were
enumerated using a Color Q-Count instrument for plates (Advanced Instruments, Norwood, MA,
USA).
3.4. Preparation of mold spore suspension
To prepare mold spore suspensions, frozen isolates were spotted on the surface of malt
extract agar plates (MEA; Difco, BD Diagnostics, Franklin Lakes, NJ, USA) followed by
incubation at 25 °C for 30 days until spore formation. Each plate was flooded with 10 mL of PBS
containing 0.1% tween 80 (Tokyo Chemical Industry Co., LTD., Tokyo, Japan). Plate surfaces
were gently scraped using sterile cell spreaders to free spores and mycelia. To remove the mycelia,
the mold suspension was filtered through four layers of sterile cheese cloth. Spore formation was
confirmed microscopically (Reichert microscope, NY, USA). In sterile 50 mL falcon tubes (VWR,
Radnor, PA, USA), spore suspension was mixed with glycerol at 50% (v/v). Spore suspension was
stored at -80 ± 2°C until use.
For each mold strain, spore suspension concentrations were determined microscopically
using a Neubauer’s improved counting chamber hemocytometer (Paul Marienfeld GmbH & Co.
KG, Lauda-Königshofen, Germany). Spore counts were confirmed by plating in duplicate on
dichloran rose bengal chloramphenicol agar (DRBC; Becton, Dickinson and Co., Sparks, MD,
USA) followed by incubation at 25 °C for 5 days.
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3.5. Cheese making and inoculation with protective cultures
Immediately before cheese making, each commercial protective culture was resuspended
in pasteurized homogenized whole milk sourced from Cornell dairy plant.
Queso fresco was made on a bench-top following the method in Leggett et al. (2012) and
Guo et al. (2011) with few modifications. Pasteurized homogenized whole milk that was
previously standardized was sourced from Cornell Dairy Plant. Milk was warmed up to 32 °C. At
this point, coagulating agents were added consisting of 0.1% (w/w) calcium chloride (GetCulture
Inc., Madison, WI, USA) and chymosin (CHY-MAX® Extra 73812, CHR Hansen Inc.,
Milwaukee, WI, USA) in the rate of 130 mL/ 1000 L milk. For each treatment, protective culture
was inoculated at the manufacturer recommended dosage rate. Control cheese C was included
without protective culture. After 45 minutes of incubation at the same temperature, curds were cut
followed by healing for 10 minutes. The curds were cooked by increasing the temperature
gradually over 30 minutes until curd temperature reaches 39 °C. Curds were cooked at 39 °C for
an additional 30 minutes. Whey volume equivalent to 10% of the initial milk volume was drained
and brine solution of 0.16 g/mL sodium chloride (Avantor Performance Materials, LCC, Radnor,
PA, USA) was added followed by incubation for 20 minutes. Curds were transferred to sterile
cheese cloth and allowed to drain for an hour.
For fungal mold challenge, drained curd was added to 12-well plates (2.2 cm in diameter,
Falcon, Corning, NY, USA), which were then used as cheese molds. To each well, 6 ± 0.1 g of
curd was aseptically added. For the yeast challenge, drained curd was added to 6-well plates (3.5
cm in diameter, Falcon, Corning, NY, USA), which were used as cheese molds. To each well, 13
± 0.2 g of curd was aseptically added. Cheeses were pressed for 16 hours with 4.5 lbs weights.
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3.6. Yeast enumeration
For each yeast strain, four 6-well plates were prepared where a single plate was assigned
for each treatment designated C, PC1, PC2 & PC3. In each well, 5 ± 0.5 g of cottage cheese was
added aseptically. Yeast strains were inoculated on the surface of cheese samples with a target rate
of 100 cfu/5 g of cheese. Throughout the study, plates were stored at refrigeration temperature (6±
2°C).
To enumerate yeast levels at 0, 7, 14- and 21-days post-inoculation, the contents of onewell was aseptically transferred to a stomacher bag (Whirl-Pak®, Nasco, Fort Atkinson, WI ,
USA), 45 mL of PBS were added to realize a 1:9 ratio followed by homogenization at 230 rpm for
60 seconds using a Seward Stomacher® 400 Circulator blender. Samples were serially diluted and
plated in duplicate on PDA supplemented with 25 mg chloramphenicol per liter (CAM; SigmaAldrich Corp., St. Louis, MO, USA). Plates were incubated at 25 °C for 5 days.
3.7. Mold visible growth
Following queso fresco pressing, a single 12-well plate was prepared for each challenged
mold strain where C, PC1, PC2 and PC3 represent first, second row, third and fourth column of
wells respectively of the 12-well plate. A negative control plate was included in the study in which
treatments were not inoculated with mold.
Mold strains were inoculated on the surface of cheese samples in each well at a target rate
of 100 cfu/ piece of cheese. Plates were stored at refrigeration temperature (6± 2°C).
To assess mold outgrowth on queso fresco, plates were visually observed at 0, 7, 14, 21,
28, 35-, 42-, 49-, 56-, 63- and 70 days post-inoculation and imaged using Canon PowerShot SX530
160Megapixel HS Digital Camera. The following scale was used to report results: (-) no visible
mold growth in all replicates, (+*) cheeses transitioning into matt appearance in some replicates,
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(+) matt appearance with no colored mold growth in all replicates, (++*) cheeses transitioning into
colored mold growth is some replicates, (++) mold growth with change in color in all replicates.
3.8. Cheese physical properties
Both moisture and pH values were measured for 2 samples per treatment using CEM
Microwave oven (CEM incorporation, Matthews, NC, USA) and SevenGo™ pH meter (Mettler
Toledo, Polaris Parkway, Columbus, OH, USA) respectively.
3.9. Statistical analysis
Experiments were performed in triplicate for both yeast and mold. Statistically significant
(p<0.05) inhibition of individual yeast strains was determined by comparing yeast counts (log
cfu/g) for each protective culture treatment against control cheese with no protective culture using
one-way analysis of variance (ANOVA) with Bonferroni correction performed individually at time
point 7, 14- and 21-days post-inoculation. For this study, a biological difference was defined as
having both a significant difference (p<0.05) and at least a 1 log difference between the treatment
and the control. Statistical analysis was performed using JMP® Pro software version 14 (SAS
Institute Inc, Cary, NC, USA).
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4. Results and discussion
Average moisture and pH results for each treatment in queso fresco are shown in table 5.
Table 5. Average moisture and pH results of queso fresco
Treatment

Moisture %

pH

C
PC1
PC2
PC3

61.88 ± 1.75
60.26 ± 2.65
60.33 ± 1.83
60.39 ± 1.31

6.45 ± 0.09
6.02 ± 0.12
6.33 ± 0.07
6.37 ± 0.05

Throughout the study, no growth was observed on the negative control, thus no added
yeast, of each treatment (designated C, PC1, PC2 and PC3) under refrigerated conditions at 6±
2°C. Based on literature, quality characteristics of food products deteriorate at yeast counts above
105 cfu/g. Beyond that limit, change in texture, off-flavors as well as visual defects take place
(Zantar et al. 2014). For yeast counts below the detection limit (20 cfu/g), a value of 1.3 log cfu/g
was used. In the context of this study, statistical significance was detected at p<0.05 while
biological meaning difference detected at both significant difference (p<0.05) and 1 log cfu/g
difference compared to control cheese with no protective culture
At day 7, Candida zeylanoides counts on queso fresco were not statistically different
(p>0.05) for cheeses inoculated with protective cultures compared to positive control cheese. C.
zeylanoides counts on day 14 had significantly lower levels (p=0.0081) for PC1-treated cheese
compared to positive control cheese. At the same time, A biological difference was observed
between C. zeylanoides counts on PC1-treated to positive control cheese with average counts of
6.99 ± 0.60 log cfu/g and 8.23 ± 0.51 cfu/g respectively. At day 21, no significant difference
(p>0.05) was observed comparing C. zeylanoides counts on cheeses inoculated with protective
cultures to positive control cheese. For C. zeylanoides, the spoilage limit was exceeded before day
7 for all cheeses except PC1 treated in which spoilage limit was reached between day 7 and day
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14. Figure 6 (A) shows the growth of C. zeylanoides on queso fresco at 6 ± 2℃ over 21 days across
treatments.
For Clavispora lusitaniae, no significant difference (p>0.05) was observed contrasting
counts on protective culture treated cheeses against control cheese at day 7 of incubation. At day
14, C. lusitaniae counts on PC1, PC2 and PC3 inoculated cheeses were different from control
cheese counts at significance levels p=0.0117, p<0.0001 and p=0.0054 respectively. At the same
time point, biological difference was observed comparing C. lusitaniae counts on PC1, PC2 and
PC3 treated cheeses to control cheese counts with an average counts of 1.93 ± 1.08 log cfu/g, 1.30
± 0.00 log cfu/g, 1.77± 0.81 log cfu/g, and 3.77 ± 0.49 log cfu/g respectively. At day 21, C.
lusitaniae counts on PC1 and PC2 were different from counts on control cheese at significance
level p=0.0009 and p=0.0126 respectively. Average biological difference of 2.36 log cfu/g and
1.83 log cfu/g was evident at day 21 comparing C. lusitaniae counts on control cheese to PC1 and
PC2 treated cheeses respectively. It is notable that only control cheese had C. lusitaniae counts
reaching spoilage limit by day 21. Figure 6 (B) shows the growth of C. lusitaniae on queso fresco
at 6 ± 2℃ over 21 days across treatments.
At day 7, the counts of Debaryomyces hansenii on queso fresco stored at 6 ± 2℃ did not
show significant difference (p>0.05) across treatments compared to control cheese. At day 14,
cheese inoculated with PC1 and PC2 had significantly lower counts (p=0.0081 and p=0.0324
respectively) compared to control. Biological differences were also detected with D. hansenii
counts on cheeses inoculated with PC1 and PC2 compared to control cheese with average counts
of 2.07 ± 1.33 log cfu/g, 2.55 ± 1.18 log cfu/g, and 5.53 ± 3.74 cfu/g respectively. At day 21,
difference was detected comparing D. hansenii counts on cheeses inoculated with PC1, PC2, and
PC3 to control cheese at significance levels p<0.0001, p<0.0001, and p=0.0297 respectively. A
biological difference was observed for the same point comparing D. hansenii counts on cheeses
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inoculated with PC1, PC2, and PC3 to control cheese with average values of 2.11 ± 1.41 log cfu/g,
3.23 ± 1.67 log cfu/g, 5.50 ± 2.39 log cfu/g, and 8.94 ± 2.18 log cfu/g respectively. For D. hansenii,
control cheese reached the spoilage limit between day 7 and 14 post-inoculation while cheese
treated with PC3 reached spoilage limit between day 14 and day 21 post-inoculation. Cheeses
treated with PC1 and PC2 did not reach spoilage limit throughout the study. These findings suggest
potential efficacy of PC1 and PC2 in protecting queso fresco against spoilage caused by D.
hansenii as well as potential efficacy of PC3 in delaying spoilage caused by D. hansenii by an
average of one week compared to cheese with no protective culture under refrigerated conditions.
Figure 6 (C) shows the growth of D. hansenii on queso fresco at 6 ± 2℃ over 21 days across
treatments.
At day 7, D. prosopidis counts on queso fresco were not statistically different (p>0.05) for
cheeses inoculated with protective cultures compared to positive control cheese. At day 14, cheese
inoculated with PC1 and PC2 had significantly lower counts of D. prosopidis (p=0.0018 and
p=0.018 respectively) compared to positive control cheese. At the same time, biological difference
was observed between D. prosopidis counts on PC1 and PC2-treated cheeses compared to positive
control cheese with average counts of 5.61 ± 1.67 log cfu/g and 5.75 ± 1.21 cfu/g respectively
while for control average counts had a value of 8.02 ± 0.59 log cfu/g. At day 21, cheese inoculated
with PC1 and PC2 continued to have significantly lower counts of D. prosopidis (p<0.0001 and
p=0.0009 respectively) compared to positive control cheese. At the same time point, a biological
difference was observed between the D. prosopidis counts on PC1 and PC2 inoculated cheeses
and positive control cheese having average counts of 4.97 ± 0.55 log cfu/g and 6.47 ± 1.26 log
cfu/g respectively while positive control average counts were 9.40 ± 0.63 log cfu/g. While PC1,
PC2 and PC3 managed to delay D. prosopidis growth on queso fresco under refrigerated
conditions, only PC1 inoculated cheese did not reach spoilage limits throughout the study
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compared to positive control cheese reaching spoilage limit before day 7 of incubation. Figure 6
(D) shows the growth of D. prosopidis on queso fresco at 6 ± 2℃ over 21 days across treatments.

No significant difference (p>0.05) was noted comparing Kluyveromyces marxianus counts
on cheeses treated with protective cultures compared to control cheese at day 7, 14 and 21-post
inoculation. Nonetheless, it is notable that only control cheese with no protective culture reached
spoilage limit by day 21 with PC1, PC2 and PC3 treated cheeses keeping K. marxianus counts
below spoilage limits. Figure 6 (E) shows the growth of K. marxianus on queso fresco at 6 ± 2℃
over 21 days across treatments.

At day 7, Meyerozyma guilliermondi counts on queso fresco were not statistically different
(p>0.05) for cheeses inoculated with protective cultures compared to positive control cheese. At
day 14, cheeses inoculated with PC1, PC2 and PC3 had significantly lower counts of M.
guilliermondi (p<0.0001, p=0.0036 and p= 0.0054 respectively) compared to positive control
cheese. At the same time point, a biological difference was observed between M. guilliermondi
counts on PC1-, PC2- and PC3-inoculated cheeses and positive control cheese having average
values of 2.75 ± 1.27 log cfu/g, 3.80 ± 0.72 log cfu/g, 3.90 ± 0.28 log cfu/g, and 5.67 ± 0.56 log
cfu/g respectively. At day 21, cheeses inoculated with PC1, PC2 and PC3 continued to have
significantly lower counts of M. guilliermondi (p<0.0001 for each respective comparison)
compared to positive control cheese. Biological difference was also observed at day 21 postinoculation between M. guilliermondi counts on PC1-, PC2- and PC3-inoculated cheeses and
positive control cheese having average values of 4.17± 0.76 log cfu/g, 5.20 ± 0.55 log cfu/g, 4.75
± 0.45 log cfu/g, and 8.12 ± 0.13 log cfu/g respectively. Our results indicate that PC1, PC2 and
PC3 slowed M. guilliermondii growth to different degrees. Cheese treated with PC1 and PC3 did
not reach spoilage limits of M. guilliermondii through day 21 of refrigerated storage while cheese
treated with PC3 reached spoilage limit between day 14 and 21 of incubation. The results indicate
potential efficacy of PC1 and PC3 in protecting queso fresco against spoilage caused by M.
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guilliermondii under refrigerated conditions. Figure 6 (F) shows the growth of M. guilliermondii
on queso fresco at 6 ± 2℃ over 21 days across treatments.

For Pichia fermentans, no significant difference (p<0.05) was detected at day 7 or day 14
post-inoculation comparing yeast counts on cheese with protective cultures to control cheese.
However, at 21 post-inoculation, PC1-inculated cheese had significantly higher (p=0.0018) counts
compared to control cheese at the same time point, on average 3.23 log cfu/g higher count. It is
notable that only PC1-treated cheese reached spoilage limit by day 21 post-inoculation. Figure 6
(G) shows the growth of P. fermentans on queso fresco at 6 ± 2℃ over 21 days across treatments.

No significant difference (p>0.05) was observed between Rhodotorula mucilaginosa
counts on protective culture treated and control cheese at day 7-post inoculation. At day 14,
cheeses inoculated with PC1, PC2 and PC3 had significantly lower counts of R. mucilaginosa
(p=0.0018, p=0.0009, and p=0.0018 respectively) compared to positive control cheese. At the
same time point, a biological difference was observed between R. mucilaginosa counts on PC1,
PC2 and PC3 inoculated cheeses and positive control cheese having average values of 4.77 ± 0.11
log cfu/g, 4.67 ± 0.41 log cfu/g, 4.74 ± 0.68 log cfu/g, and 6.94 ± 0.65 log cfu/g respectively. At
day 21, cheeses inoculated with PC1, PC2 and PC3 continued to have significantly lower counts
of R. mucilaginosa (p= 0.000351, p<0.0001, and p<0.0001 respectively) compared to positive
control cheese. Biological difference was also observed at day 21 post-inoculation between R.
mucilaginosa counts on PC1, PC2 and PC3-inoculated cheeses and positive control cheese having
average values of 6.01 ± 0.59 log cfu/g, 5.24 ± 0.53 log cfu/g, 5.61 ± 1.87 log cfu/g, and 8.48 ±
0.72 log cfu/g respectively. It is notable that R. mucilaginosa counts on PC1, PC2 and PC3inoculated cheeses delayed reaching spoilage limit between day 14 and day 21 post-inoculation
while positive control cheese reached spoilage limit between day 7 and day 14 post-inoculation.
This suggest potential efficacy of PC1, PC2 and PC3 in delaying queso fresco spoilage caused by
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R. mucilaginosa under refrigerated conditions. Figure 6 (H) shows the growth of R. mucilaginosa
on queso fresco at 6 ± 2℃ over 21 days across treatments.
Torulaspora delbrueckii counts on queso fresco at day 7 and 14 post-inoculation were not
statistically significant (p>0.05) for cheeses inoculated with protective cultures compared to
positive control cheese at each respective time point. At day 21, cheese treated with PC1 and PC2
significantly lower count (p=0.0351 for each respective comparison) compared to control cheese.
Biological difference was also observed at day 21 post-inoculation between T. delbrueckii counts
on PC1- and PC2-inoculated cheeses and positive control cheese having values of 1.77 ± 0.81 log
cfu/g, 1.77 ± 0.81 log cfu/g, and 3.42 ± 0.65 log cfu/g respectively. None of the treatments
exceeded T. delbrueckii spoilage limits throughout day 21 of incubation under refrigerated
conditions. Figure 6(I) shows the growth of T. delbrueckii on queso fresco at 6 ± 2℃ over 21 days
across treatments.
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Figure 6. Growth of yeast strains on queso fresco at 6±2℃ over 21 days where (C) is control without protective
culture, (PC1), (PC2) & (PC3) are 3 different commercial protective cultures of Lactobacillus spp. (A)
Candida zeylanoides, (B) Clavispora lusitaniae, (C) Debaryomyces hansenii, (D) D. prosopidis, (E)
Kluyveromyces marxianus, (F) Meyerozyma guilliermondii, (G) Pichia fermentans, (H) Rhodotorula
mucilaginosa, and (I) Torulaspora delbrueckii. *For counts that were below the detection limit (20 cfu/g) a
value of 1.3 log cfu/g was used.
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In this study, the antifungal activity of protective cultures against mold in queso fresco
stored at 6 ± 2°C was evaluated visually comparing mold growth on control cheese with no
protective culture to cheeses with protective cultures inoculated with the same mold strain.
Examination was performed on a weekly basis over 70 days of incubation. Day 70 was selected as
the cut point of the study as beyond that negative control cheeses, thus not inoculated with mold,
started showing visual growth. Table 6 and table 7 show the results of mold growth queso fresco
over day 14 through 42 and from day 49 through 70 days of incubation respectively on at 6 ± 2°C.
For four mold species: Aspergillus cibarius, T. amazonicum, P. citrinum, and P.
decumbens no visual growth was observed throughout day 70 on any treatment including positive
control with no protective culture. The viability of the stocks was confirmed (data not shown). All
strains were previously isolated from dairy processing environment, this suggests that these four
mold strains do not grow on queso fresco under the experimental conditions.
Mucor strains tested in the study showed different responses to protective cultures. For M.
genevensis, all cheeses inoculated with protective cultures as well as control cheese showed “cathair” growth characteristic for Mucor spp. by day 21 of incubation. For M. racemosus, PC1 and
PC2 treated cheeses delayed the appearance of the “cat-hair surface at day 14 compared to control
cheese showing only matt appearance indicative of partial mold growth. However, at day 21 all
cheeses inoculated with protective cultures as well as control cheese showed “cat-hair” growth on
cheese surface.
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Table 6. Mold growth from day 14 through day 42 on queso fresco at 6 ± 2℃ where (C) is control without protective
culture, (PC1), (PC2) & (PC3) are 3 different commercial protective cultures of Lactobacillus spp. (-) no visible mold
growth, (+*) transitioning to matt appearance, (+) matt appearance with no colored mold growth, (++*) transitioning to
colored mold growth, (++) mold growth with change in color. *at day 0 and day 7, no growth was observed for any
mold strain across treatments
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Table 7. Mold growth from day 49 through day 70 on queso fresco at 6 ± 2℃ where (C) is control without
protective culture, (PC1), (PC2) & (PC3) are 3 different commercial protective cultures of Lactobacillus spp.
(-) no visible mold growth, (+*) transitioning to matt appearance, (+) matt appearance with no colored mold
growth, (++*) transitioning to colored mold growth, (++) mold growth with change in color.

As noted earlier, we did not observe visible growth for two among five Penicillium spp.
strains used in this study to challenge protective cultures in queso fresco, P. citrinum and P.
decumbens. At day 21, P. commune visible growth was only observed on control cheese with no
protective culture. Only PC1 and PC2 treated cheeses continued inhibiting P. commune visible
growth through day 28 while PC3 displayed matt appearance indicating partial mold growth. At
day 35, PC1 and PC2 treated cheeses started showing matt surface on queso fresco that continued
throughout day 70. PC3 treated cheese started showing green mold growth at day 56.
For P. chrysogenum, visible mold growth was observed on control cheese with no
protective culture as well as PC3 treated cheese on day 21 post-inoculation. PC2 treated cheese
continued inhibiting visible growth of P. chrysogenum through day 42 while PC1 treated cheese
continued inhibiting visible growth through day 63 of incubation at 6 ± 2°C.
While control cheese with no protective culture started showing visible brown growth
characteristic of Phoma dimorpha at day 35, all protective culture containing cheeses continued to
inhibit visible growth throughout day 63. At day 70, PC3 inoculated cheese started showing tan
growth in a few replicates.
In summary, the study results demonstrated potential efficacy of protective cultures to
protect against fungal spoilage in queso fresco. PC3 showed inhibition of C. lusitaniae, M.
guilliermondi and P. dimorpha while PC2 inhibited the outgrowth of C. lusitaniae, D. hansenii
and P. dimorpha on queso fresco under refrigerated conditions. PC 1, consisting of Lacstobacillus
spp. strain, had the broadest spectrum of efficacy across yeast and molds. PC1 delayed spoilage
caused by four distinct yeast strains: C. lusitaniae, D. hansenii, D. prosopidis, and M.
guilliermondi as well as inhibiting visible growth of 2 mold strains: P. chrysogenum and P.
dimorpha.
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While PC2 showed inhibition against D. hansenii, spoilage was not inhibited against D.
prosopidis suggesting that yeast inhibition is species, not genus, selective. Same fact was
emphasized for mold as PC1 showed inhibition against P. chrysogenum while only slowed P.
roqueforti for 2 weeks compared to positive control.
Only one species of mold and four species of yeast were not inhibited by any of the
protective cultures used in the study. Mucor genevensis was not visibly inhibited neither Candida
zeylanoides, Pichia fermentans, Rhodotorula mucilaginosa, or Torulaspora delbrueckii. This lack
of inhibition suggests that successful control of these species with protective cultures may be a
challenge for queso fresco producers. This study did not cover all commercially available
protective cultures, and it is recommended that queso fresco producers thoroughly evaluate any
culture against these species to ensure their products achieve the extended shelf life they.
Though there are no studies investigating the use of protective cultures against fungal
spoilage in queso fresco, overall our results were consistent with other researchers evaluating
protective cultures in fresh cheeses.
Garcha and Natt (2012) conducted a study investigating the antifungal activity of
Lactobacillus acidophilus, bacteriocin-producing LAB in-vitro and in indian cheese. In-vitro,
Lactobacillus acidophilus showed ability to inhibit outgrowth of Alternaria alternata, Aspergillus
flavus, Fusarium spp., and Penicillium spp. to different extents. In Indian cheese, LAB-inocluated
cheese showed significantly lower counts (p<0.05) for A. alternate compared to control at day 6
of incubation at 10°C. Our findings aligns with the results of this study as we demonstrated
Lactobacillus spp. efficacy in inhibiting visible outgrowth of P. chrysogenum on queso fresco
through day 70 at 6±2°C.
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Cheong et al. (2014) screened over 800 LAB isolates from different sources for antifungal
activity among which only 12 isolates demonstrated strong antifungal activity against Penicillium
commune using modified overlay assay method. Using 16S rDNA sequencing, isolates were
identified as Lactobacillus plantarum. LAB-inoculated cottage cheese delayed visible mold
growth to at least day 18 compared to control showing visible growth by day 4. Fernandez et al.
(2017) investigated the antifungal activity of over 80 commercially avaialble LAB strains.
Antifungal activity was confirmed in cottage cheese matrix. Inhibition of P. commune by
Lactobacillus rhamnosus A238 alone or in combination with Bifidobacterium animalis subsp.
lactis A026 was reported. Our results agree with Cheong et al. (2014) and Fernandez et al. (2017)
findings as P. commune growth on queso fresco was delayed till day 35 of incubation in cheeses
treated with Lactobacillus spp. and Lb. rhamnosus.
Overall, the findings confirmed our hypothesis that commercial LAB cultures vary in
performance based on breadth of mold and yeast inhibition at both genus and species level, and
thus each protective culture maybe ideal against specific strain taking into consideration food
matrix factors impacting fungal growth. Manufacturers looking into using protective LAB cultures
should investigate their efficacy against specific fungal strains of concern.
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CHAPTER 4:
LACTOSE OXIDASE: POTENTIAL ANTI-FUNGAL ACTIVITY IN SET YOGURT
1. Abstract
Lactose oxidase (LO) is an oxidoreductase enzyme oxidizing lactose and producing
lactobionic acid and hydrogen peroxide (H2O2). Hydrogen peroxide is a strong oxidizing agent
with bactericidal and antifungal properties. With increased interest in biopreservation, we are
investigating the antifungal potential of lactose oxidase as potential biopreservative for low acid
dairy products with residual lactose.
First, we did screening of LO antifungal activity using two different enzyme concentrations
(1.2 and 12 g/L) against five Penicillium spp. strains (Penicillium chrysogenum, P. citrinum, P.
commune, P. decumbens, and P. roqueforti) on set-yogurt stored at 21± 2 °C for 14 days. Through
day 14, mold growth was only observed on wells with no LO for all Penicillium spp. strains. Based
on this finding, we decided to detect the minimum inhibitory level of LO using four enzyme
concentrations (0.12, 0.48, 0.84 and 1.2 g/L) for each Penicillium spp. strain. For P. chrysogenum,
P. citrinum, and P. roqueforti, minimum inhibitory level was detected as 0.48 g/L LO. P. commune
was inhibited at higher level detected as 0.84 g/L LO. P. decumbens results suggest that it was the
most sensitive among tested Penicillium spp. strains showing inhibition at LO level as low as 0.12
g/L.
Comparing pH values of different LO levels (0.12, 0.48, 0.84, 1.2 and 12 g/L) on set-yogurt
to control with no lactose oxidase at day 14 of storage at 21± 2°C, significant difference (p<0.0001
for each respective comparison) was noted. Nonetheless, we expect slower rate of drop in pH
values at refrigerated conditions over set-yogurt shelf life. Overall, our results suggest potential
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antifungal efficacy of LO oxidase against common spoilage organisms in dairy product with
residual lactose and relatively low-pH.
2. Introduction
Enzymes have a long history of use in the dairy industry contributing to a wide range of
functions. These enzymes either naturally exist in the milk or are added to dairy products
performing specific role. Their main applications include coagulation, preservation and hydrolysis.
Rennet use is considered one of the widest and the earliest enzyme application in the dairy industry.
Coagulating milk is one of the main steps in cheese making in which rennet role is critical for
enzyme-coagulated cheeses (Afroz, Khan, and Ahmed, 2015).
The role of enzymes such as proteases and lipases come later in the ripening stage of cheese
making. Theses enzymes are responsible for the development of flavor profile and sensory
attribute characteristic for each cheese variety throughout the aging process. Lactase is another
enzyme added to milk that mainly serves lactose-intolerant consumers. This enzyme cleaves the
glycosidic linkage in this disaccharide breaking lactose into 2 monosaccharide molecules: glucose
and galactose (Afroz, Khan, and Ahmed, 2015).
In this study we are interested in exploring the antifungal potential of lactose oxidase as
potential biopreservative for low acid dairy products with residual lactose. Lactose oxidase is an
oxidoreductase enzyme oxidizing lactose and producing lactobionic acid and hydrogen peroxide
(H2O2). Hydrogen peroxide is a strong oxidizing agent with bactericidal and antifungal properties.
Lactobionic acid production has been the main application for lactose oxidation in the food and
pharmaceutical industry (Minal et al. 2017; Lara-Aguilar and Alcaine 2019a). In medical
applications, lactobionic acid is used uniquely to stabilize organs before transplantation given its
anti-oxidant and metal chelating capacity protecting organs from oxidative damage. In the food
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industry, the fact that lactobionic acid is not digestible imparts prebiotic properties. Lactobionic
acid can potentially reduce the time needed for curd formation in cheese and yogurt and hence
enhance productivity (Minal et al. 2017; Nordkvist, Nielsen, and Villadsen 2007).
A study by Lara-Aguilar and Alcaine (2019) investigated the antifungal activity of lactose
oxidase using Penicillium chrysogenum as a fungal indicator through the overlay inhibition assay
using lactose and non-lactose containing media. Different levels of LO (0, 0.12, 1.2, and 12 g/L)
were used in each type of media. Inhibition was observed using LO concentration of 12 g/L only
in lactose containing media. Study attributed the antifungal activity of LO to hydrogen peroxide
production and this was confirmed by repeating trials and injecting catalase enzyme near the wells
where inhibition was observed. The findings suggested the potential of LO as antifungal agent in
dairy products with residual lactose.
Yogurt is a fermented dairy product produced by the activity of lactic acid
bacteria; Lactobacillus bulgaricus and Streptococcus thermophilus (“CFR - Code of Federal
Regulations Title 21” 2018). Though fermentation leverages the food safety aspect of yogurt, its
quality can be greatly compromised by acid-tolerant fungal spoilage organisms such as
Penicillium, Aspergillus, Rhizopus, Fusarium and Mucor (Ndagijimana et al. 2008; Gougouli et
al. 2011).
Here, we are building on the findings of Lara-Aguilar and Alcaine (2019) study
investigating the antifungal activity of lactose oxidase in set-yogurt against 5 Penicillium spp.
strains. According to literature, Penicillium spp. is one of the most encountered fungal spoilage
organisms in dairy products (Garnier, Valence, and Mounier 2017; Lara-Aguilar and Alcaine
2019b). Our study objectives were: i) screening the antifungal activity of LO against common
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spoilage organisms in dairy product with residual lactose and relatively low-pH ii) understanding
the impact of lactobionic acid production on pH as an indication for change in sensory attributes.
We hypothesize that the minimum inhibitory level of LO against mold would vary on
species level and that the pH of yogurt would decrease with increasing LO level.
3. Materials and methods
3.1. Mold spoilage organisms
Mold strains used throughout the study were sourced from the Cornell University Food
Safety Laboratory (FSL) isolates collection. Five Penicillium spp. strains (Penicillium
chrysogenum, P. citrinum, P. commune, P. decumbens, and P. roqueforti) were used to investigate
the antifungal activity of lactose oxidase in set-yogurt. All species were previously isolated from
dairy processing environment and stocks were stored frozen at -80 ± 2°C. Table 8 shows genus
and species identification, type and isolation source of fungal spoilage organisms used in the study.

Table 8. Genus and species identification, type, location and isolation source for
Penicillium spp. used throughout study, FSL ID is unique identifier for species in the
Cornell Food Safety isolate collection
Genus
Penicillium
Penicillium
Penicillium
Penicillium
Penicillium

Species
commune
citrinum
decumbens
roqueforti
chrysogenum

FSL ID

Isolate Source

B90026

Cheese

E20297
E20320
E20329
E20332

Yogurt
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Dairy Processing Environment
Dairy Processing Environment
Dairy Processing Environment

3.2. Preparation of mold spore suspension
To prepare mold spore suspensions, frozen isolates were spotted on the surface of malt
extract agar plates (MEA; Difco, BD Diagnostics, Franklin Lakes, NJ, USA) followed by
incubation at 25 °C for 30 days until spore formation. Each plate was flooded with 10 mL of
phosphate buffered saline (PBS) containing 0.1% tween 80 (Tokyo Chemical Industry Co., LTD.,
Tokyo, Japan). Plate surfaces were gently scraped using sterile cell spreader to free spores and
mycelia. To remove the mycelia, mold suspension was filtered through four layers of sterile cheese
cloth. Spore formation was confirmed microscopically (Reichert microscope, NY, USA). In sterile
50 mL falcon tubes (VWR, Radnor, PA, USA), spore suspensions were mixed with glycerol at
50% (v/v). Spore suspension was stored at -80 ± 2°C until use.
For each mold strain, concentrations of spore suspension were determined by microscope
with a Neubauer’s improved counting chamber hemocytometer (Paul Marienfeld GmbH & Co.
KG, Lauda-Königshofen, Germany). Spore counts were confirmed by plating in duplicate on
dichloran rose bengal chloramphenicol agar (DRBC; Becton, Dickinson and Co., Sparks, MD,
USA) followed by incubation at 25 °C for 5 days.

3.3. Set-yogurt making
Yogurts were made under aseptic conditions following the procedure described by (Lee
and Lucey 2010) with slight modification. Yogurt was made in the Alcaine research group lab at
Cornell University on a bench-top scale. Starter culture (FD-DVS YoFlex® Mild 1.0, CHR Hansen,
Milwaukee, WI, USA) was suspended in homogenized whole milk sourced from Cornell dairy
plant right before yogurt making.
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Homogenized whole milk sourced from Cornell dairy plant was fortified using 5% instant
nonfat dry milk (Village Farm®, Bay Valley Foods, LLC., Oak Brook, IL, USA) to form yogurt
blend. Yogurt blend was pasteurized at 85 ± 1°C for 30 minutes using water bath (Precision SWB
15, Thermo Scientific, Waltham, MA, USA). Following this step, yogurt blend is cooled down to
temperature 40 - 45°C and inoculated with starter culture at the rate 50 U/ 250 L. Eight mL of
yogurt blend were added to each well of 6-well plates (3.5 cm in diameter, Falcon, Corning, NY,
USA). Yogurt plates was incubated at 40 °C till pH drops to below 4.6 followed by 12 hours of
refrigeration at 6 ± 2°C.
3.4. Screening the antifungal activity of lactose oxidase against selected mold strains in setyogurt
Yogurt was made following the method explained in 3.3. For each mold strain, a 6-well
plate was prepared in which mold was inoculated on the surface of each well in the rate of 50 cfu.
Inoculum was plated in duplicate on DRBC to confirm counts followed by incubation at 25 °C for
5 days. Negative control plate with no mold was included.
Mold inoculum was allowed to dry on yogurt surface under refrigerated conditions at 6 ±
2°C for 6 hours. Two concentrations of lactose oxidase solutions were prepared: 1.2 g/L and 12
g/L. Lactose oxidase (LactoYield, Chr. Hansen,Milwaukee, WI, USA) was added to yogurt surface
in each of the previously prepared 6-well plates in which the first column had no LO, the second
column had 800 uL of LO (1.2 g/L) while for the third column 800 uL of LO (12 g/L) were added.
Figure 7 shows a schematic diagram of treatments in each of the 6-well plates.
All plates were stored at 21± 2°C for 14 days. On daily basis, visible mold growth was
examined in all plates and imaged using Canon PowerShot SX530 160Megapixel HS Digital
Camera. For each strain, LO efficacy was established by comparing visible mold growth in LO
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treated yogurt to control with no lactose oxidase. Each strain had a technical replicate and the
whole experiment is done in triplicate.
Screening the antifungal activity of lactose oxidase against selected mold strains in set-yogurt

Mold only

Mold + LO (1.2 g/L)

Mold + LO (12 g/L)

Mold only

Mold + LO (1.2 g/L)

Mold + LO (12 g/L)

Figure 7. Schematic diagram showing treatments in each of the 6-well plates for screening the
antifungal activity of lactose oxidase against selected mold strains in set-yogurt. For all wells,
yogurt surfaces were inoculated with mold at 50 cfu. * LO is Lactose oxidase
3.5. Detecting the minimum inhibitory level of lactose oxidase for selected mold strains
Yogurt was made according to the method explained in 3.3. For each mold strain, one 6well plate was prepared in which mold was inoculated on the surface of five wells in the rate of 50
cfu. The well with no mold was designated as the negative control. Inoculum was plated in
duplicate on DRBC to confirm counts followed by incubation at 25 °C for 5 days. Mold inoculum
was allowed to dry on yogurt surface under refrigerated conditions at 6 ± 2°C for 6 hours.
Four concentrations of lactose oxidase solution were prepared: 0.12 g/L, 0.48 g/L, 0.84
g/L, and 1.2 g/L. 800 uL of LO solutions were added to each 6-well plate following the diagram
in figure 8.
All plates were stored at 21± 2°C for 14 days. On daily basis, visible mold growth was
examined in all plates and imaged using Canon PowerShot SX530 160Megapixel HS Digital
Camera. The whole experiment is done in triplicate.
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No Mold
No LO

Mold + LO
(0.12 g/L)

Mold + LO
(0.48 g/L)

Mold only

Mold + LO
(0.84 g/L)

Mold + LO
(1.2 g/L)

Figure 8. Schematic diagram showing treatments in each of the 6-well plates for detecting the
minimum inhibitory level of lactose oxidase for selected mold strains. * LO is Lactose oxidase
3.6. Impact of adding lactose oxidase on the pH of set-yogurt
Yogurt was made according to the method explained in 3.3. Five concentrations of lactose
oxidase solution were prepared: 0.12 g/L, 0.48 g/L, 0.84 g/L, 1.2 g/L, and 12 g/L. A negative
control with no LO was included.
Three 6-well plates were prepared for each concentration of LO in which each well was
covered with 800 uL of respective LO solutions. All plates were stored at 21± 2°C for 14 days. pH
was measured every other day using edge pH meter (Hanna instruments, Smithfield, RI, USA) for
two samples of each LO concentration.
Experiments were performed in triplicate. Statistical significance (p<0.05) was determined
by comparing pH values of each LO level to control with no LO at day 14 of storage at 21± 2°C
using one-way analysis of variance (ANOVA) with Bonferroni correction for that time point.
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4. Results and discussion
4.1. Screening the antifungal potential of lactose oxidase against selected mold strains in
set-yogurt
Throughout trial period, negative control showed no visible mold growth upon storage at
21± 2°C for 14 days. For P. chrysogenum, P. citrinum, P. commune, and P. roqueforti, green mold
growth started showing on wells with no LO at day 4. Throughout day 14, wells covered with LO
at 1.2 g/L and 12 g/L did not display visible mold growth.
For P. decumbens, only matt appearance was observed on wells with no LO at day 4 postinoculation indicative of partial mold growth. At day 5, green visible mold growth was observed
on wells with no LO while yogurt wells covered with LO displayed no visible growth through day
14 of storage at 21± 2°C. Figure 9 shows the screening results on set-yogurt surface at day 14 of
storage at 21± 2°C.

Figure 9. Screening results on set-yogurt surface at day 14 of storage at 21± 2°C where (A)
control with no mold, (B) Penicillium chrysogenum, (C) P. citrinum, (D) P. commune, (E) P.
decumbens, and (F) P. roqueforti
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4.2. Detecting the minimum inhibitory level of lactose oxidase for each mold strain
For all plates, negative control well with no mold and no LO showed no visible growth
through day 14 of storage at 21± 2°C. Table 9 shows the minimum inhibitory level results of
lactose oxidase against Penicillium spp. strains on set- yogurt at day 14 of storage at 21± 2°C.
For P. citrinum, P. chrysogenum, and P. roqueforti, had similar growth pattern where a
visible mold growth was noticeable on negative control at day 3 while yogurt with LO levels of
0.12 g/L had visible growth at day 4. For P. commune, positive control with no LO started showing
green mold growth at day 2. Yogurt with LO levels of 0.12 g/L and 0.48 g/L started showing
visible mold growth at day 3 and day 4 respectively. The negative control as well as the yogurts
with other LO levels (0.84 and 1.2 g/L) did not show visible growth throughout day 14 of storage
at 21± 2°C. P. decumbens had a unique growth pattern where only negative control with no mold
and no LO started showing growth at day 3. However, none of the other treatments showed signs
of visible growth throughout day 14 of storage at 21± 2°C.
In brief, the minimum level of LO that inhibited all challenged Penicillium spp. was
detected as 0.84 g/L. For P. chrysogenum, P. citrinum, and P. roqueforti, minimum inhibitory
level was detected as 0.48 g/L LO.
P. commune was inhibited at higher level detected as 0.84 g/L LO. P. decumbens results
suggest that it was the most sensitive among tested Penicillium spp. strains showing inhibition at
LO level as low as 0.12 g/L. Figure 10 shows the minimum inhibitory level of LO for each
Penicillium spp. strain on set-yogurt at day 14 of storage at 21± 2°C.
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In the context of this study, these were the lowest level of LO at which inhibition of visible
mold growth was observed. Nonetheless, the true inhibition level could be recited anywhere
between the highest LO level showing visible mold growth and the lowest LO level with no visible
mold growth.

Table 9. Minimum inhibitory level results of lactose oxidase against Penicillium spp. on set- yogurt
at day 14 of storage at 21± 2°C. LO* is lactose oxidase
Treatment
Strain
Penicillium chrysogenum
Penicillium citrinum
Penicillium commune
Penicillium decumbens
Penicillium roqueforti
Negative Control

Trial day No mold + Mold
No LO
only
14
14
14
14
14
14

-

+
+
+
+
+
-

-
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0.12 g/L 0.48 g/L 0.84 g/L 1.2 g/L
LO
LO
LO
LO
+
+
+
+
-

+
-

-

-

No Mold
No LO

Mold + LO
(0.12 g/L)

Mold + LO
(0.48 g/L)

Mold
Only

Mold + LO
(0.84 g/L)

Mold + LO
(1.2 g/L)

(A) Schematic diagram

(B) Penicillium chrysogenum

(C) P. citrinum

(D) P. commune

(E) P. decumbens

(F) P. roqueforti

Figure 10. The minimum inhibitory level of lactose oxidase for each Penicillium spp. strain on
set-yogurt at day 14 of storage at 21± 2°C. LO* is lactose oxidase
4.3. Impact of adding lactose oxidase on the pH of set-yogurt
Yogurt pH values were measured every other day throughout 14 days of storage at 21±
2°C. It was notable that the drop in pH values increased with increasing lactose oxidase levels.
For the negative control with no LO oxidase, pH almost remained constant from day 4 through
day 14 of days of storage at 21± 2°C. LO level of 12 g/L showed the steepest drop in pH from day
0 through day 4 while minimum variation was noted from day 10 through day 14. This can be
attributed to lactose depletion and hence no more lactobionic acid was produced preventing further
drop in pH, nonetheless this would need to be confirmed. Comparing pH values of different LO
levels (0.12, 0.48, 0.84, 1.2 and 12 g/L) on set-yogurt to control with no lactose oxidase at day 14
of storage at 21± 2°C, significant difference (p<0.0001 for each respective comparison) was noted.
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Figure 11 shows pH values of set-yogurt using different levels of lactose oxidase over 14 days of
incubation at 21± 2°C.

Figure 11. pH values of set-yogurt using different levels of lactose oxidase over
14 days of incubation at 21± 2°C. LO* is lactose oxidase.

This drop in pH was observed at 21± 2°C which represents extreme conditions for setyogurt storage. Thus, we expect slower reaction rate and thus less drop in pH values at refrigerated
conditions over set-yogurt shelf life. We expect LO to still be active under refrigerated conditions
based on the findings of Lara-Aguilar and Alcaine (2019) showing that LO had higher activity, at
least towards bacterial spoilage organisms, at lower storage temperature. Overall, our results
suggest potential antifungal efficacy of LO oxidase against common spoilage organisms in dairy
product with residual lactose and relatively low-pH.
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