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Abstract

Food spoilage poses significant challenges to the global food industry, impacting both food safety and
economic sustainability. The main causes of food quality deterioration are microbial and non-microbial
spoiling. Microbial spoilage primarily results from the activity of bacteria, yeasts, and molds, which
thrive under favorable environmental conditions. These microorganisms can lead to food poisoning
and spoilage through the production of off-flavors, discoloration, slime formation, and the
accumulation of harmful toxins. Factors such as initial contamination levels, the specific type of
microorganism, the inherent composition of the food, and storage conditions, including temperature,
humidity, and exposure to oxygen, influence the rate of microbial spoilage. Foods with higher moisture
content are particularly susceptible, as water activity provides an ideal medium for microbial growth.
On the other hand, a number of processes other than microbial action cause non-microbial spoiling.
These include moisture loss, which can lead to textural changes and decreased consumer acceptability;
chemical changes, such as oxidation of lipids leading to rancidity; and reactions involving enzymes
naturally present in foods. Additionally, external factors such as light exposure can accelerate the
degradation of sensitive nutrients, while physical damage during handling or transportation can
compromise the structural integrity of food, making it more prone to spoilage. Temperature fluctuations
during storage or distribution also play a critical role, as they can promote both microbial activity and
undesirable chemical reactions. To mitigate these spoilage mechanisms and ensure the safety and
quality of food products, comprehensive evaluation methods are employed. Sensory evaluations, such
as visual inspection, odor analysis, and taste testing, are often the first line of defense in detecting
spoilage. Microbiological analyses, including total plate counts, identification of spoilage organisms,
and detection of microbial toxins, provide more detailed insights into microbial contamination.
Furthermore, advanced physical and chemical tests, such as moisture content determination, lipid
oxidation assays, and the use of spectroscopic techniques, enable the quantification of spoilage
indicators. These methodologies not only assess the current state of food quality but also play a crucial
role in determining self-life. Shelf life determination is a critical component of food preservation
strategies. By understanding the rate and nature of spoilage under controlled conditions, food
producers can establish storage guidelines, optimize packaging materials, and implement preservation
techniques such as refrigeration, freezing, drying, or the use of chemical preservatives. Moreover,
adherence to food safety standards and regulations ensures that products reaching consumers are both
high-quality and safe for consumption. Frameworks for controlling the risks of food spoiling are
provided by international standards like 1ISO 22000
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INTRODUCTION

Food spoilage, whether microbial or non-microbial, is a critical factor affecting food quality, safety,
and shelf life. Microbial spoilage is primarily caused by the growth of bacteria, yeasts, and moulds,
which can lead to food poisoning and deterioration of food quality. Non-microbial spoilage, on the other
hand, involves physical, chemical, and environmental factors that lead to a reduction in food’s
nutritional value, appearance, and taste. Moisture, temperature, packaging, and handling practices all
contribute to spoilage Carefully monitoring these variables and using the right preservation methods
are crucial for ensuring that a food product is safe to eat for the duration of its shelf life [1]. Determining
the shelf life of a food product is crucial for manufacturers and consumers alike. Shelf life is often
defined by microbial counts, but can also be assessed through sensory attributes or biochemical
deterioration. In this review, we explore the different types of spoilage, methods to assess food quality
and safety, and the guidelines and standards used for testing foods.

Methodology

The methodology for assessing food spoilage can be divided into four key categories: sensory

evaluation, microbiological analysis, physical damage assessment, and chemical changes monitoring.

1. Sensory evaluation: Food's flavor, texture, appearance, and aroma are all evaluated through sen-
sory evaluation. To document the noticeable changes over time, a trained sensory panel conducts
the evaluation in a controlled storage environment. This approach aids in assessing the food
product's acceptability in light of consumer preferences. The product's shelf life is frequently
ascertained through sensory examination.

2. Microbiological testing: To keep an eye on microbial contamination in food, microbiological
testing is used. These tests calculate the quantity and kind of bacteria, molds, and yeasts that
cause spoiling. Standard plate count (SPC) levels are often used to classify different food groups.
Identification of foodborne pathogens is a key part of ensuring food safety. Various microbio-
logical standards and guidelines, such as those set by the Codex Alimentarius or local authorities,
establish acceptable limits for different organisms in ready-to-eat foods.

3. Physical and chemical analysis: Physical damage to food and packaging (e.g., bruising of fruits,
tears in packaging) can lead to spoilage and microbial contamination. Chemical changes such as
rancidity, browning, or nutrient degradation are monitored using standard laboratory techniques.
These changes can result from light exposure, temperature fluctuations, or moisture loss.

4. Environmental and storage conditions: It is evaluated how storage factors, including tempera-
ture, humidity, and light exposure, affect food rotting.

5. Different food types (moist vs. dry) require specific storage conditions to prolong shelf life and
prevent spoilage.

The Temperature is the First Factor

More than anything else, temperature affects how long dry foods keep. According to the USDA,
"Each 5.6 C. (10.08F) drop in temperature doubles the storage life of the seeds."” It goes without saying
that this assertion can only be taken so far [2,3], But | anticipate that it essentially remains the same
from room temperature to freezing. Undoubtedly, the opposite might also be true: "The storage life of
seeds is halved for every 5.6C (10.08F) increase in temperature.” This also applies to seeds that are not
grown in gardens.

Factor 2: Moisture Content of the Product

According to the USDA nutritional tables, the average moisture content of dry beans, grains, and
flours is 10%. It is vital to store any food as dry as possible, even if it is extremely impossible and
unneeded to completely remove all moisture from dry foods [4,5]. Excessive moisture can cause food
to deteriorate in its own container. Given that moisture condenses and freezes on the dry ice's exterior,
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this is a crucial factor to take into account when packing food with dry ice. Grain moisture content
should be 10% or lower for long-term storage. Accurately measuring this without specialized equipment
is challenging. It's also critical to understand that foods that reach these levels cannot be dehydrated at
home.

Tablel. Storage Life Differences Depending on Temperature.

Constant storage temp. in degrees F Storage life in years
39.76 40
49.84 30
59.92 20
70.00 10
80.08 5
90.16 25
100.24 1.25

Note: the above chart is not for a specific food but shows the relationship between temperature and storage life.

Food that has been dried to 10% moisture content snaps crisply when bent. Those of you who use a
dehydrator at home are aware that dehydrated foods, particularly fruits, are very malleable when bent.
These won't keep well over time.

The product's storage container:
e Your product needs a hermetic (airtight) seal to have the longest possible shelf life. Containers
that excel at this include:
e Ten cans (Only use enamel-lined cans; otherwise, the steel they come into contact with will con-
taminate the food's flavor. Additionally, enamel lining can stop the can's interior from rusting.)
o Food storage buckets that can be sealed
o Food-grade plastic or metal barrels that can be sealed and lined.

Shelf life study report published in science tech entrepreneur magazine, weaning food was stored for
120 days in plastic bin, metal container; polyethylene bag and Aluminium foil pouches. The effect of
the storage time and packaging materials on the nutritional parameters of the Weaning Food were
studied. Alluminium foil pouch was found to be the best packaging material which gives optimum
protection against moisture absorption and also showed maximum retention of nutrients up to 120 days
of storage [6]. The bacteriological plate count was carried out at 0 day and after 120 days. The
bacteriological plate count at the initial phase was 670 colonies per gram of food. At the end of 120
days the colonies was found to be 2,330 colonies per gram of food which is an acceptable level.

Odugbemi T, Oyerinde JP, Odujinrin OM, Akitoye CO, Esumeh FI, Department of Medical
Microbiology, College of Medicine, University of Lagos, Nigeria, conducted a bacteriological study of
cooked ogi (fermented cereal weaning food) and its potential safety in a rural Nigerian community.
Thirty households with children receiving the fermented cereal food ogi were randomly selected from
Ajara, a rural community in Lagos State, Nigeria. At the time of administration to the children, 81 ogi
samples were gathered from these houses [7]. The cooked ogi samples' pH levels and level of
bacteriological contamination were assessed.

The mean pH was 3.6 +/- 0.2. Faecal coliforms contamination levels of 3 to > or = 2400/ml were
recorded in 26 (31.3%) of the 81 ogi samples. Levels of faecal coliforms increased significantly (P <
0.025) during storage of cooked samples for 9 h. The high contamination rate is unacceptable and is a
potential health hazard. Hygienic handling and preparation procedures should be prioritized as
supplementary measures in the fight against diarrheal illness in developing nations, even though
fermenting foods like ogi, which lowers pH, may lessen bacterial contamination.
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According to the findings of a storage study by T. A. EI-Adawy, E. H. Rahma, A. A. El-Bedawy, and
T. Y. Sobihah at Menofiya University's Faculty of Agriculture, Food Science and Technology
Department, legume-whey weaning food formulas were kept for six months in polyester-coated
aluminum foil at room temperature (22-25°C) and in a refrigerator (4°C). Weaning food formulae'
peroxide and free fatty acid levels peaked after three and two months, respectively, and then steadily
declined throughout storage. All samples' thio-barbituric acid values progressively rose over the course
of the storage time under various storage conditions (refrigerated and room temperature). All samples'
in-vitro digestibility of proteins was unaffected by storage [8,9]. The protein solubility index in 5%
NaCl, pure water, and that

During the storage period, the bulk density of the weaning food formula decreased within extremely
small ranges, whereas the sucrose decreased at various evident rates. After six months of storage, cold-
stored samples were free of mold and yeast, while total bacterial counts, yeast, and molds all steadily
declined over the course of the storage period under various storage settings.

CONCLUSION

Food spoilage is a complex process influenced by microbial activity, environmental conditions, and
physical or chemical changes. To ensure food safety and quality, it is essential to comprehend the
mechanisms underlying both microbial and non-microbial spoiling.[10] The shelf life of food goods
can be considerably increased by using efficient packaging, proper storage conditions, and routine
testing. Chemical analysis, microbiological testing, and sensory assessments are crucial instruments for
determining food spoilage and adherence to safety regulations. Food companies may save waste,
safeguard consumer health, and preserve product integrity over the course of its shelf life by following
set rules and putting strong testing processes into place.

This review highlights the importance of integrated approaches in addressing the multifaceted
challenges of food preservation.
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