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Figure 1. Food waste occurs at each step in the supply chain, from farm to fork. Rotting pears are found around 
the base of each tree after most of the marketable fruit has been harvested. Photo courtesy Rob Way, Cornell Univ.

Addressing Food Spoilage—

BY   ABIGAIL B. SNYDER and RANDY W. WOROBO

Major food spoilage incidents 
associated with diverse prod-
ucts such as cheeses, yogurt, 

and sauce have received national 
media attention in the past few 
years. Food companies undoubtedly 
prepare for food safety crises, but 
what happens when their product is 
in the news for a quality problem 
that is more embarrassing than dan-
gerous? It is a question the food 

industry needs to consider now 
more than ever in a digitally con-
nected world. Spoilage incidents 
reduce consumer confidence and 
illustrate the need for research on 
how to prevent embarrassing spoil-
age incidents from occurring in the 
first place. 

In the past, consumers would 
have discarded their spoiled product 
directly into the trashcan rather 

than grabbing their smart phones 
and photographing the product to 
share via social media. This is one of 
the reasons why the food industry 
needs to focus more attention on 
food spoilage. Historically, the 
focus has been placed on pathogenic 
microorganisms and, reasonably so, 
as pathogens pose serious public 
health threats. However, less atten-
tion has been allocated to spoilage 

To bolster consumer confidence and reduce food waste, the issue of food spoilage—
long overshadowed by food safety—demands improved collaboration among 
stakeholders and new tools for detecting and identifying spoilage organisms.

The Elephant in the Room
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microorganisms and, as a conse-
quence, a lot of the spoilage 
discourse today is crudely framed 
by the language and concepts devel-
oped for foodborne pathogens, if 
discussed at all. 

Food Spoilage: A Flawed Framework 
The concept of product recalls 
works equally well for both spoiled 
and pathogen-contaminated prod-
ucts. However the term “outbreak” 
refers only to pathogen-contami-
nated products. No such term exists 
to describe spoiled products when 
no recall has been issued. Such a 
term, though, would help make 
clear the difference between end of 
shelf-life spoilage vs. a large-scale 
spoilage incident that stems from a 
processing failure, mishandling, or 
problematic raw ingredients. Both 
represent important issues with 
spoilage microorganisms, but the 
former is an inherent attribute of 
the product that puts the quality 
burden primarily on consumers and 
retailers. The latter bears a greater 
resemblance to foodborne pathogen 
outbreaks. Despite the similarities, 
associating the term “outbreak” 
with spoilage may unnecessarily 
alarm the public.

“Food safety” commonly refers 
to prevention of foodborne illness 
through the elimination of patho-
genic microorganisms, chemical, 
and physical hazards. “Food quality” 
is a term that can be understood 
colloquially to encompass a variety 
of consumer preferences, but is used 
technically to describe the organo-
leptic desirability of foods as a 
function of the chemical breakdown 
caused by enzymes, the environ-
ment, and spoilage microorganisms.  

Concepts applied to food safety 
and quality are often conflated as a 
consequence of the limited dis-
course on spoilage. In the July 2014 
issue of Food Technology, an article on 
spoilage-detecting packaging dis-
cussed new technologies that sense 
the generation of compounds result-
ing from the metabolic activity of 
spoilage microbes. The presence of 
the article itself is a step in the right 
direction and should be of general 
interest to the food industry. 
However, the article concludes that 
a limitation of these technologies is 
“spoilage from . . . invisible 
sources,” because these packages are 
unable to detect “spoilage” from 
small quantities of pathogenic cells, 
which cause harm without the 

release of sufficient quantities of 
biogenic amines to be detected. It is 
true that pathogenic microbes at 
very low levels are able to cause 
illness, but spoilage is inherently 
sensory-driven. The contradiction 
of “invisible spoilage” is emblematic 
of the struggle to address spoilage 
specifically. 

Why Spoilage Matters
By comparison to industry, regula-
tory agencies and academia have 
historically paid little attention to 
spoilage microorganisms, unless it 
had direct impact on the potential 
safety of the product, such as mold 
spoilage increasing the pH of acid 
foods and allowing potential patho-
gens to grow. Few grants have been 
available as incentive for basic 
research on food spoilage, and regu-
latory requirements are largely 
dictated by safety. Yet, emerging 
factors specific to 21st century food 
production are strong motivators 
for manufacturers who have long 
been aware of the need for a robust 
food quality plan.

Determining the exact eco-
nomic impact of spoilage is difficult. 
Estimates for waste in the U.S. food 
supply range from 20% to 50% of 

Spoilage Organism Representative Examples Susceptible Foods Sensory Changes

Spore formers:

Thermophilic aciduric bacteria Alicyclobacillus Pasteurized juices and 
concentrates, syrups 
and sugar, soda

Medicinal off-flavors, 
not necessarily inclusive 
of visual defects

Acid sensitive bacteria Geobacillus, Clostridia, 
Bacillus, Paenibacillus

Bottled tea, fluid milk, juices 
of moderate acidity

Gas production, turbidity, 
butyric acid off-flavors

Non-spore forming bacteria Erwinia, Pseudomonas, 
lactic acid bacteria

Fresh fruit and vegetables, 
meat and poultry

Biogenic amines, polysaccharide 
production (dextran/slime), 
breakdown of food matrix

Heat-resistant molds Byssochlamys, Talaromyces, 
Eupenicillium, Neosartorya, 
Aspergillus

Hot-filled or canned fruit 
and vegetable products

Visual defect from mycelial 
growth, occasional gas production

Yeast Saccharomyces, 
Zygosaccharomyces, 
Pichia, Brettanomyces, 
Candida, Debaryomyces

Low aw foods: salt brined 
goods, bakery products, jams 
and jellies, beverages

Gas production, off-flavors, 
turbidity

Table 1: Common groups of spoilage organisms and products which support their proliferation.
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production, which varies by com-
modity and is dependent on the unit 
of measure (e.g., dollars, pounds, 
calories). According to one study, 
40% of available food is wasted each 
year (Hall et al., 2009). Spoilage 
also impacts the supply chain in 
developing countries. However, 
much of the loss in developing 
nations occurs before reaching the 
consumer (FAO, 2012). 

The magnitude of product loss 
expands outwards when consider-
ing the production inputs involved 

in generating wasted products. 
Which is to say, if 40% of a product 
is wasted, then up to 40% of the 
energy input, land resources, water, 
shipping costs, etc. is also lost. The 
potential energy savings resulting 
from even a modest decrease in 
spoilage would be enormous. 

Furthermore, many humanitar-
ian groups have challenged food 
producers with feeding an esti-
mated 9 billion people by 2050. 
Increasing food usage efficiency is 
one of the most obvious ways of 

increasing food availability. The 
economic and environmental 
impacts are in addition to increased 
brand confidence and the incentive 
of avoiding a spoilage-based recall. 
Collectively, the global impact of 
microbial spoilage on the food sup-
ply suggests the focus of food 
microbiologists should expand to 
include issues of food quality in 
addition to safety.  

Fresh Produce Spoilage:  A Model for the 
Significance of Sanitation Programs 
Relative to the other commodity 
groups, fresh produce and highly 
perishable products like fluid milk 
account for a proportionally high 
percentage of annual waste. 
Although pasteurized, fluid milk 
serves as an excellent growth 
medium for spore formers that sur-
vive the thermal process. Likewise, 
fresh whole and cut produce pro-
vides a hospitable growth 
environment for spoilage organisms 
and, by definition, is not treated 
with a thermal process. Produce is 
often harvested prior to ripening 
and continues to respire during 
shipment, but it is not until senes-
cence when the native defenses are 
diminished that produce becomes 
most susceptible to spoilage (Barth 
et al., 2009). 

While food scientists consider 
spoilage organisms nonpathogenic 
because they do not cause human 
illness, many produce spoilage 
organisms are plant pathogens. 
They originate largely in the prehar-
vest environment but can be found 
extending throughout the supply 
chain on contact surfaces and equip-
ment, which leads to cross- 
contamination during processing. 
Erwinia is one of the main causative 
agents of soft-rot in fresh vegetables. 
This microbe produces a suite of 

Figure 2. Food waste and loss varies by country and 
commodity. (a) Global waste by consumers as a 
percent of total regional food loss 
map © cienpies/iStock/Thinkstock 

(b) North America and Oceania food waste and loss 
by commodity. Data adapted from FAO, 2012.
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pectinases that degrade the cell wall 
structure in plants, causing the loss 
of crispness that is associated with 
produce spoilage.  

Unlike Erwinia, found in nature, 
some spoilage contaminants are 
more directly linked to poor sanita-
tion in the processing environment. 
High levels of lactic acid bacteria 
and molds like Geotrichum, better 
known as machinery mold, may 
indicate a failure of Sanitation 
Standard Operating Procedures 
(SSOPs). This is in contrast with 
food safety where in many cases the 
mere presence of pathogens violates 
the product’s safety. Proliferation 
and, ultimately, spoilage by various 
organisms depends not only on 
presence, but also the environmen-
tal conditions. 

Many spoilage organisms can be 
controlled by temperature, pH, and 
oxygen availability. Erwinia is only 

able to grow above 20°C at neutral 
pH levels. The same product under 
refrigeration conditions would be 
susceptible to Pseudomonas, another 
major produce spoilage bacterium, 
which can grow at low tempera-
tures but is strictly aerobic. Both 
Pseudomonas and Erwinia can be con-
trolled by low pH, which then 
selects for the outgrowth of lactic 
acid bacteria (Barth et al., 2009).  
Generally speaking, maintaining 
the cold chain and modified atmo-
sphere packaging (specifically for 
cut produce) are two of the most 
important variables in preventing 
produce spoilage, but the addition 
of particular controls often creates a 
niche for other spoilage microor-
ganisms. Ultimately, preventative 
sanitation strategies encompassed in 
SSOPs, GMPs, and even GAPs 
(Good Agricultural Practices) are 
the single greatest factor in reducing 

microbial spoilage. As with produce 
safety programs, no amount of 
downstream mitigation strategies is 
as effective as good sanitation from 
the start. 

Developing effective sanitation 
strategies can be challenging, 
though, in products that are perish-
able. The focus should be on 
limiting the proliferation of spoilage 
organisms by reducing the incidence 
of early spoilage, cross-contamina-
tion, and outgrowth. Effective 
management of the supply chain 
reduces the incidence of early spoil-
age. Purchasing decisions including 
raw product or ingredient sourcing 
and order timing should factor in 
the expected costs of shelf-life loss 
(Rijpkema et al., 2014). 
Computational modeling offers a 
potential method for quantifying 
the costs of shipment and delivery 
timing decisions. »»
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Requiring high raw ingredient 
quality from suppliers also reduces 
overall spoilage, though monitoring 
for microbial quality can prove chal-
lenging because of the hetero- 
geneous nature of the product. 
Additional methods to reduce inci-
dence include minimization of 
bruising and wounding during ship-
ment and ensuring good crop 
nutrition, which decreases plant 
susceptibility (Barth et al., 2009). 
After reducing initial incidence, 
decreasing cross-contamination 
greatly reduces product loss due to 
spoilage. A robust sanitation pro-
gram is one of the best ways to limit 
cross-contamination. Quickly cull-
ing spoiled units reduces shedding 
from wounds because, as the adage 
suggests, one spoiled apple can ruin 
the bunch. Similarly, eliminating 
extraneous organic matter from the 
processing environment as part of 
general SSOPs removes harborages 
for spoilage organisms. Pest man-
agement is also important, as insects 
like fruit flies can increase the 
spread of microbes.

The loose association between 
total microbial population and spoil-
age makes it hard to establish 
quality standard cut-offs. As a rule 
of thumb, a product may be consid-
ered spoiled once the total plate 

count reaches 106 microorganisms/
gram. However, familiarity with 
the product’s sensory profile is nec-
essary as changes are likely to occur 
prior to reaching this level. 
Moreover, decisions within the food 
industry must be made well in 
advance of spoilage. Identification of 
specific organisms is necessary 
because of the varying spoilage 
potential among microbes. Which is 
to say, just because a relatively high 
bacterial population is present does 
not necessarily mean the product 
will imminently spoil. While low 
microbial counts are associated with 
good microbial quality, high counts 
are not as tightly tied to spoilage 
(Barth et al., 2009). The identity 
and spoilage potential of the 
microbes present plays a major role 
in predicting shelf-life. 

Erwinia, the soft-rot causing bac-
terium in produce, has a high 
spoilage potential because of the cell 
wall degrading pectinases it synthe-
sizes. Organisms that have high 
spoilage potential are ones that 
cause obvious sensory changes 
(Table 1) and typically produce 
some kind of product-degrading 
enzyme involved in the organism’s 
metabolic processes like pectinases, 
proteases, or lipases; are gas pro-
ducers; or whose growth has visible 

results, like mycelial development 
in molds. Janzen’s theory on the 
ecological merit of these sensory 
changes states that microbes essen-
tially benefit from spoilage that is 
negatively perceived by vertebrates 
who may be competing with the 
microbes for food, so that expres-
sion of energetically costly enzymes 
that render the food unappealing for 
vertebrates give some microbes a 
competitive advantage. Tests such as 
total plate counts that do not take 
into account variability in spoilage 
potential are not specific enough, 
and often not rapid enough, to pro-
vide quantifiable data to establish 
hard cut-offs for raw ingredient 
quality (Barth et al., 2009). 
Therefore, detection and quantifica-
tion of specific organisms or sensory 
changes are required to move the 
needle on spoilage prevention. 

Spoilage in Processed Foods: Paradigms, 
Approaches, and Limitations 
Delaying spoilage in fresh produce 
is largely a preventative game, given 
the sensitivity of the product to 
microbial growth and because few 
intervention strategies exist. In pro-
cessed products, all the preventative 
measures and sanitation strategies 
still apply, but there are additional 
opportunities to mitigate spoilage in 
terms of processing and formula-
tion. Many of these treatments, 
however, serve the counterproduc-
tive purpose of creating a 
specialized niche for certain 
microbes while eliminating pres-
sure from most other competitor 
species. Changing consumer inter-
ests have brought new spoilage 
challenges in food processing. These 
include demands to reduce antimi-
crobial additives and thermal 

Figure 3. Macroscopic spoilage of produce can take 
several forms including bruising, wounds and 
lesions, softening, visible mold growth, 
discoloration, dextran production, and formation 
of off-aromas. Because microbes are shed from 
spoiled units, early culling of deteriorated product 
is part of a robust sanitation program that reduces 
cross-contamination. Photo courtesy Rob Way,  
Cornell Univ.
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processing, or to change formula-
tions to include more spoilage- 
prone ingredients. Food companies 
take different approaches in address-
ing quality issues. Below are two 
approaches to handling microbial 
spoilage. 

Dealing with Heat Resistant 
Molds from the Bottom-Up
Many times spoilage issues vary 
across a company’s portfolio and are 
not a consistent problem. Lack of 
meaningful data makes spoilage 
hard to manage. “People don’t 
actively expect to have spoilage,” 
said Joe Shebuski, senior director of 
global food safety, quality, and regu-
latory for Cargill. “Spoilage comes 
and it goes, and people don’t really 
understand why it happens but 
they’re glad when it’s gone,” he said. 
“It hasn’t risen to the level where 
there are resources dedicated to 
investigate it as we would like.”  
Resources such as rapid detection 
methods are crucial in determining 
the causative agent in product spoil-
age, and in traceback analysis to 
identify the source of the 
contaminant. 

Shebuski referenced heat-resis-
tant molds, such as Byssochlamys 
fulva, contaminating tomato-based 
products. The mold survives ther-
mal processing in fruit and 
vegetable products and outgrowth is 
later detected by consumers, some-
times long after the product was 
purchased. “Heat-resistant molds 
grow so slowly, it’s impractical to 
do finished product testing,” he 
said. “It can take several days to 
determine what you had.” 

Since occurrence is intermittent 
and safety is generally not at stake, 
many of these issues are addressed at 
the plant level. Spoilage incidents are 
often the consequence of unique 
situations that are plant specific. 
Examples include the set-up of indi-
vidual processing equipment and 
environmental conditions. Employee 
behavior is a big factor in determin-
ing food quality, as it is with safety. 
Inconsistent ingredient quality, 

culling practices, and a lack of test-
ing methods with defined standards 
are more challenges with variability. 

Shebuski went on to describe 
the need for more rapid detection 
methods that were readily accessible 
to industry, and not simply aca-
demic exercises. When isolated 
spoilage incidents do occur at a 
plant, a viable testing method would 
help address the problem. However, 
“because no one is really talking 
about the spoilage issues they have, 
[biotech companies] are not going to 
invest the resources into develop-
ment,” Shebuski said. “If people 
were talking about having ongoing 
issues in a large way, there would be 
the sense of a much larger problem, 
and a much larger demand.” 

Addressing microbial spoilage is 
difficult if producers are unwilling 
to share the challenges they have 
experienced. Open discourse is par-
amount in gathering information 
about real-world spoilage issues. 
This is in contrast with information 
regarding outbreaks of foodborne 
pathogens, which is collected by 
government agencies. And, many of 
the regulations and practices to con-
trol pathogens stem directly from 
those data, so having information 
regarding commercial spoilage is 
likewise critical in establishing 

effective control measures. 
Development of improved detection 
methods and standards is critically 
dependent on information gathered 
from processing environments, 
with all their variability. 

Dealing with Environmental 
Contaminants from the Top-Down
Sean Leighton, director of quality, 
safety, and environmental at The 
Coca-Cola Co., echoed the demand 
for improved enumeration methods. 
Leighton was interested in an assay 
that was more quantitative, regard-
less of speed. “For me it’s about 
getting a more sensitive test, that 
looks at an entire package, not just a 
milliliter, to get the amount [of 
spoilage microbes] not just the pres-
ence or absence. Because we’re not 
holding the product waiting on the 
result, it’s about monitoring.” The 
Coca-Cola Co. has addressed qual-
ity from a corporate level. Brand 
protection is key for a company that 
is such an established household 
name. Additionally, the relative 
homogeneity of beverages compared 
to other food products in some ways 
makes them ideal candidates for a 
top-down approach to quality 
management. 

Leighton acknowledged some 
similarities in his company’s 

Figure 4. The visible 
hallmarks of spoilage in 
processed products like 
apple juice, shown here, also 
vary. Alicyclobacillus 
spoiled juice may have no 
visible defect, but strong 
off-flavors and aromas are 
detectable. Yeast spoiled 
products (farthest left) may 
be bloated due to gas 
production and the juice may 
be turbid. Mold spoiled 
products (middle bottles) 
may have visible mycelial 
growth. Although not 
microbial, excessive 
exposure to light and heat 
may cause discoloration 
(farthest right). Photo 
courtesy Rob Way, Cornell Univ.
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approach to safety and quality, citing 
the use of critical quality points 
instead of critical control points as 
one strategy for addressing environ-
mental contamination.

However, in other ways, Leighton 
suggested that safety and quality 
were vastly different. “Food safety 
and quality have been lumped 
together for too long,” Leighton said.  
“There are certain non-negotiables 
that drive food safety. Those are not 
business decisions. But you can take 
calculated risks with quality, from a 
business perspective . . . and so you 
might find a business having one 
appetite for quality and another busi-
ness having another.” 

Leighton identified one spoilage 
challenge as environmental contami-
nation, including Alicyclobacillus, heat 
resistant molds, and Brettanomyces/
Dekkera, during bottling. 
Subsequently, the bottling step has 
been recognized as a critical quality 
point in Coca-Cola’s production line 
and governance standards have been 
imposed on its bottling companies.

This involves a highly centralized 
QA structure using internal audits. 
“The Coca-Cola Co. is so brand cen-
tric and has been keenly aware of the 
things that de-value the brand,” 
Leighton said. “Our current CEO has 
gone on the record saying that qual-
ity issues are one of two things that 
keep him awake at night. The biggest 
problem we have right now is the 
people, they just think we make 
soda-pop. So we have to change our 
mentality to be about maintaining 
GMPs. This is not a technical chal-
lenge. The challenge is about people. 
Driving the right culture, education, 
training, so people understand food 
science.”  

Current Methods and Remaining Needs
Industry perspectives like these are 
needed to shape the thinking on food 
quality. As was suggested, a great 
deal of resources and data are still 
required. Detection and enumeration 
of spoilage microbes is limited by the 
availability of media and nonculture-
based methods sensitive enough for 

quantitation, rapid enough for appli-
cation, and specific enough to detect 
only the target spoilage organism. 
For some microbes, selective media 
does not yet exist. Despite this, the 
vast majority of monitoring work for 
spoilage organisms is culture-based. 
Molds and yeasts are often cultured 
together on a single medium, which 
does not allow for monitoring spe-
cific spoilage organisms (Barth et al., 
2009). Much of the diagnostic work 
for produce spoilage is based on 
visual analysis in the field or plant, 
partly because of the lack of sufficient 
laboratory techniques. 

Academia and biotechnology 
companies need to develop appropri-
ate media and nonculture-based 
techniques specific to the relevant 
spoilage organisms, similar to the 
relative availability of methods for 
pathogens. Nonculture-based 
approaches are often faster than 
media dependent methods, particu-
larly when the target organism is a 
slow grower. Characterization of the 
spoilage compounds responsible for 
the change in quality instead of the 
organism itself is another rapid 
method to monitor a product’s qual-
ity over time, or to validate the 
spoilage potential of particular 
organisms. Several methods for the 
detection of biogenic amines using 
benchtop equipment or sensors 
embedded in packaging already exist, 
but more work needs to be done to 
make these technologies cost effec-
tive and easily adaptable. 

Primary research is still needed 
to develop the framework in which 
these novel techniques can be created 
and applied. Identification of major 
spoilage organisms and indicator 
organisms relevant to particular 
products is necessary in order to tar-
get the development of selective 
media. Identification of individual 
species and strains with high spoilage 
potential, and subsequent identifica-
tion of markers is necessary in order 
to target the development of noncul-
ture-based methods. 

Links need to be created between 
sanitation procedures that occur at 

fixed points and the control of spe-
cific spoilage organisms so that 
meaningful procedures can be estab-
lished. All of this is dependent on 
broader data collection and regular 
monitoring in an iterative design, 
along with the advancement of the 
language framework in which spoil-
age microbiology is discussed. 

In many of these cases, the needs 
are similar to what has already been 
established in the control of food-
borne pathogens. However, there are 
crucial differences between address-
ing food safety and addressing food 
quality. These distinctions stem from 
the difference in the target organisms 
themselves, the fact that not just 
presence but outgrowth is required 
for a product to be deemed unaccept-
able, and a company’s corrective 
action plan may vary drastically when 
the issue is quality as opposed to 
safety. The increased attention spoil-
age has received has brought the 
absence of information and resources 
to light. The potential payoff for 
shelf-life extension is also great. 
Intentional work should be directed 
to addressing spoilage because ignor-
ing these issues is no longer a viable 
option for food producers. FT
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