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Cheese quality and authenticity: new technologies help solve 
an age-old problem 
Christopher PillidgeA,*, Roya AfshariA and Harsharn GillA  

ABSTRACT 

Cheese represents a complex ecosystem of starter and non-starter bacteria, with populations 
changing over time as the cheese matures. Successive microbial communities, particularly in aged 
cheeses like cheddar, have a profound impact on the final cheese flavour and quality. Being able to 
accurately predict cheese ripening outcomes at an early stage, based on cost-effective analyses, 
would be of great benefit to cheesemakers. In the past, there has been a significant gap between 
microbiological and chemical information obtained from omics and its application to the cheese 
industry, but thanks to recent advances in omics analytical methods, computing programs and 
sensor technologies, this gap is narrowing.  
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Introduction 

Cheese is one of the most widely consumed dairy products. Many different varieties of 
cheese that vary in texture, taste, and aroma are made and consumed around the world. 
The number one cheese produced in Australia is cheddar,1 although other cheese types 
are gaining in popularity (Fig. 1). For cheddar and other low moisture cheeses that 
require ageing (ripening), manufacturers have a keen vested interest in getting the 
ripening process right. If ripening does not proceed correctly, the cheddar made in a 
daily production run could end up being sold off cheaply, perhaps as an ingredient for 
locally made processed cheese rather than being exported to an overseas customer at top 
dollar. 

Cheesemaking begins with raw milk. After standardisation of the milk to a pre- 
determined protein–fat ratio and high-temperature short-time (HTST) pasteurisation, 
the milk is pumped into a cheese vat. The starter culture is then added, followed by 
addition of rennet, a mixture of milk coagulating enzymes traditionally obtained from the 
lining of the abomasum from young calves. Alternatively, the rennet can be plant- or 
microbial-derived, or it may be a highly purified form of bovine chymosin obtained 
through recombinant DNA technology.2 Based on the action of the rennet and starter, 
milk coagulation occurs. Subsequent cheesemaking steps include cutting the curd and 
whey drainage, heating, salting and pressing.3 In large-scale industrial cheddar cheese-
making, strains of Lactococcus lactis, a species of lactic acid bacteria (LAB), usually 
comprise the starter culture. Starter cultures can be added either in freeze dried form 
direct to the vat, known as direct vat inoculation (DVI), or grown in a separate tank then 
added as bulk starter. It is not uncommon for cheesemakers to also add adjunct cultures 
at lower levels, usually non-starter lactic acid bacteria (NSLAB) comprising strains of 
Lactobacillus helveticus, Lacticaseibacillus paracasei (formerly Lactobacillus paracasei),4 

or other species. These NSLAB grow slowly in the young cheese during ripening to 
eventually reach high numbers where they modulate cheese flavour and texture develop-
ment.5 Cheese ripening becomes more complicated, however, because each factory has 
its own distinctive resident microbiota that naturally ‘inoculate’ the cheese before 
ripening begins. These adventitious microbiota also contribute to the complex succession 
of microbes critical in determining the final cheese properties.3 

How is cheese ripening monitored and controlled as it progresses? In most large 
cheddar-making factories, experienced cheese-graders take core samples at different 
ripening stages to assess and predict the final cheese flavour and texture. Some basic 
chemical and microbiological analyses may also be done. Alongside the skill and 
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knowledge of the cheese grader, scientific developments in 
chemical analytic techniques and in omics technologies 
have progressed, leading to mapping of the many thousands 
of individual cheese components, including the microbial 
communities, proteolytic breakdown products, huge numbers 
of metabolites, as well as the fermentation primary end prod-
ucts. But how can all this information be applied in a mean-
ingful way to help cheesemakers better assess and predict 
cheese ripening outcomes? This challenge can be tackled in 
part by the application of so-called omics technologies.6,7 

Omics and cheese 

The term omics refers to the scientific discipline of analysing 
the interactions and functions of large clusters of biological 
information molecules.8 Omics technologies include meta-
genomics based on high-throughput next generation 
sequencing (NGS) methods, metatranscriptomics, metapro-
teomics, and metabolomics, targeting DNA, RNA, protein 
and metabolites, respectively.9–11 In recent years, the appli-
cation of omics technologies to study fermented food prod-
ucts, especially cheese, has greatly increased.7 

Metagenomics encompasses amplicon sequencing and 
shotgun whole genome sequencing.9 In amplicon sequencing, 
total DNA is extracted from an environmental sample, then a 
targeted region (e.g. within the 16S rRNA gene for identifica-
tion of bacteria) is PCR-amplified and sequenced. Due to 
inherent methodological errors that can occur using this 
approach, along with ongoing improvements in DNA sequenc-
ing and computer processing power, shotgun sequencing is 
gaining wider use. Here, total DNA is sequenced providing not 
only taxonomic identification results but also information 
on the total genes present in a sample and their potential 
corresponding protein (or enzyme) metabolic functions.12 

Such DNA-based approaches have helped to identify novel 
microbial species not identifiable using traditional micro-
biological culturing techniques in many environments, 
including cheese. An early pioneering study to apply meta-
genomics in cheese involved 16S rRNA gene amplicon 
sequencing of 60 Irish soft cheeses.13 In addition to common 
LAB species, many non-LAB bacterial genera were identi-
fied, such as Prevotella and Arthrobacter. The authors found 
that the bacterial community composition depended upon 
the cheese type, the origin of the milk, production techno-
logy and the ingredients used. 

Metatranscriptomics and metaproteomics involve assess-
ing the complete gene expression and protein complement 
(respectively) of multi-component biological systems. Both 
methods are difficult to apply in fermented foods, hence 
relatively few studies have been published to date.7 

Metatranscriptomics studies on cheeses have shown that reg-
ulation of microbial enzymes capable of impacting flavour 
development occurs during ripening, with one study on a 
Swiss-type cheese showing that regulation of central metabo-
lism enzymes in cold ripening conditions varied depending on 
the species.14 Metaproteomics studies have also revealed the 
functional roles of microbial proteins in fermented foods, 
however, there have been few studies on cheese, in part due 
to the complexity of analysing microbial and non-microbial 
milk proteins and their breakdown products together.7,15 

Despite these difficulties, these tools have the potential in 
future to provide exciting new insights into the functional 
aspects of the cheese microbiota. 

Metabolomics consists of identification and quantification/ 
semi quantification of all endogenous small molecules 
(metabolome) biosynthesised and modified in a cell, tissue 
or in a microbial consortium. Typically, there are two 
approaches: metabolite profiling (targeted analysis of 
specific groups of metabolites) and metabolite fingerprinting 

Fig. 1. Hard cheeses such as cheddar 
are ripened for relatively long periods 
of time, in some cases for up to 3 years. 
Accurately predicting ripening out-
comes at an early stage would save 
cheesemakers money and lead to 
improved product quality for consum-
ers. New advances in omics and sensor 
technologies will help cheese graders 
achieve this goal with greater reliability 
and precision. Furthermore, by applying 
integrative omics, detailed chemical fin-
gerprints of cheeses can be obtained 
that can help prove product authentic-
ity, for example, by showing accuracy of 
labelling for animal sources of milk or 
for cheese maturation age.    
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(untargeted analysis of the global metabolome profile with-
out the need for a prior specific hypothesis on a set of 
metabolites). Metabolomics relies on an efficient method for 
metabolites extraction, followed by application of analytical 
instrumentation – usually gas chromatography-mass spectro-
metry (GC-MS) and liquid chromatography-mass spectro-
metry (LC-MS) together with nuclear magnetic resonance 
(NMR) and multivariate data analysis.6,11 Other approaches 
may also be used; as one example, a group in the Czech 
Republic used matrix-assisted laser desorption ionisation 
time-of-flight mass spectrometry (MALDI-TOF MS) together 
with principal component analysis, or liquid chromatography 
coupled with electrospray ionisation and quadrupole time-of- 
flight mass spectrometry, to distinguish 27 cheeses made from 
milks of different animal species.16 We also showed that spa-
tially offset RAMAN spectroscopy (SORS), a fast, inexpensive 
and non-invasive method, can be used with chemometrics to 
distinguish cheeses made from different animal species.17 

Multi-omics with data integration 

Individual omics approaches have shown the enormous 
complexity of fermented food products at a biological 
level. However, there has been emerging interest in deve-
loping mathematical tools that analyse high-dimensional 
omics datasets obtained from multiple omics platforms 
applied to fermented foods. For example, new insights into 
the cheese microbiota were obtained from the combination 
of strain-level metagenomics with metabolomics, highlight-
ing that different strains of the same species may produce 
different metabolites in cheese.18 Samples of 55 artisanal 
cheeses from 27 Irish producers were analysed; the authors 
recovered 328 metagenome-assembled genomes, including 

47 putative new species in cheese. In addition, numerous 
phage and bacteriocin genes were found. Most of the new 
species identified belonged to halophilic genera such as 
Psychrobacter and Halomonas, while other species belonged 
to genera known to be associated with cheese rinds (for exam-
ple, Brevibacterium, Corynebacterium, and Arthrobacter). In 
another study integrated amplicon-targeted metagenomics 
and metabolomics provided the basis for the selection of 
cheese adjunct cultures for the accumulation of specific 
flavours in soft-type ripened cheeses.19 

Multi-omics studies on Australian industrial and artisanal 
cheddar cheeses done by us have also revealed some interest-
ing associations between cheese microbiota and metabolites. 
These studies further suggest the possibility of discovering 
new biomarkers for validating cheese age and brand authen-
ticity and cheese quality. For example, some low abundant 
taxa such as Pediococcus spp. in artisanal cheeses correlated 
with the presence of 21 metabolites that may influence cheese 
flavour.20 Another study showed how integration of metage-
nomics and metabolomics datasets could enable better differ-
entiation of ten similar mass-produced cheddar cheeses of 
different brands and ages (Fig. 2).21 In a further study we 
differentiated identical-style cheddars of the same age but of 
different quality manufactured by the same company.22 By 
integrating multi-omics datasets much better resolution was 
obtained, giving more confidence in the results and thus 
proving (or disproving) authenticity. Other associations 
were revealed in these studies – for example, levels of phenyl-
alanine correlated positively with the presence of Thermus 
spp. which have been implicated in the pink discoloration of 
cheese, while cheese cholesterol showed a negative associa-
tion with Streptococcus thermophilus.20 To our knowledge, 
this had not been previously reported. Potential cheese age- 
and quality-related biomarkers were also identified. 
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Fig. 2. Multi-factorial analysis of bacterial community composition and metabolite omics datasets obtained from ten similar style 
Australian cheddar cheeses. Analyses like these enable precise fingerprinting, and hence grouping and identification, of different 
cheeses, as well as identifying new microbe–metabolite associations. The cheeses represented in this figure are all mass-produced 
Australian cheddar cheeses of different brands and/or different ripening ages (maturity levels) made by three major local Victorian 
cheese manufacturers. Adapted from fig. 4 in Afshari et al. (2020). 21    
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Challenges for multi-omics 

Despite the potential of multi-omics to give new insights 
into cheese ripening, challenges remain. One major problem 
is cost. The technology is simply nowhere near the stage 
where it can be routinely applied. Other problems are 
heterogeneity across the same omics platforms, making 
data comparisons difficult, also challenges related to the 
large computational resources needed and a lack of any 
unified public repository where researchers can access 
multi-omics datasets.23 As these limitations are resolved 
over time, multi-omics will become a major innovation for 
the food industry. 

Prospects for real-time monitoring 

Identification of novel biomarkers to predict cheese ripening 
outcomes, or detailed fingerprints to prove cheese authentic-
ity, will only be useful for the industry if analyses can be 
done routinely, easily and affordably. Advances in sensor 
and real-time monitoring technology are bringing this goal 
closer. Such technologies have wider applicability in terms of 
achieving higher process efficiency, improved product quality, 
ensuring food authenticity and provenance e.g. through 
coupling with blockchain technology, reducing food waste 
and improving food safety through real-time pathogen 
monitoring. Some recent examples include biosensors for 
pathogen detection in food;24 microbial potentiometric sensors 
(MPS) technology coupled with appropriate signal analysis 
tools and methodologies used to monitor kefir fermentation;25 

application of an electronic nose to accurately identify and 
quantify four yeast species (Pichia anomala, P. kluyveri, 
Hanseniaspora uvarum and Debaryomyces hansenii) in fresh 
soft cheese;26 the development of biosensors for analysing 
fermentation-related parameters,27 and monitoring the micro-
bial quality of raw milk.28 The latter is already being done in 
some parts of the dairy industry. 

Together, these observations suggest that we can expect 
to have new highly sensitive tools for real-time monitoring 
of cheese quality in the future to complement traditional 
cheese grading practices. Coupled with the new insights 
provided by omics and multi-omics, this will lead to better 
prediction and management of cheese quality, as well as 
improvements in food safety and in ensuring product 
authenticity. 
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