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What Will Your

Students Learn?

READING
COMPREHENSION ARTICLE
& QUESTION BUNDLE

Reading Comprehension Questions " "
1. What are three kinds of microorganisms that cause food to spoil? Artl C I e Wlt h
Give two commaon signs that food has spoiled.
. What is rancidity in food?
ples or potatoes often turn brown?
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o Microbial spoilage

e Bacteria, yeasts, and molds

e Enzymatic browning

e Ripening and softening in fruits and
vegetables

o Rancidity and lipid oxidation

o Factors that affect spoilage, including
temperature, moisture, pH, oxygen, and
light

o Spoilage vs. foodborne iliness

o Refrigeration and freezing

e Drying, canning, and pasteurization

e Pickling, fermentation, preservatives, an
safe food handling




Your Reading

The Chemistry of Spoiled Food

Food spoils when tiny living things or chemical reactions change it so it is no longer fresh or safe to eat.
Spoilage can come from microorganisms (bacteria, yeasts, or molds) that grow in the food, or from
natural chemical reactions. For example, cut fruits turn brown
by an enzymatic oxidation reaction, and oils can go rancid
{smell bad) when exposed to air. Spoiled food often looks or
smells bad - you might see fuzzy mold on bread or smell sour
milk. These changes show the food's quality has changed.

Sometimes spoilage organisms can make people sick if they
are harmful germs. In fact, the CDC estimates that about 48
million Americans get sick each year from contaminated food,
and the WHO reports nearly 600 million people worldwide fall
ill from unsafe food annually. Understanding spoilage
chemistry helps us know why foods go bad and how to
prevent it.

We assume typlcal home conditions In a temperate climate. Perishable foods are stored ina
refrigerator (~40°F or 4°C) or freezer (0°F). Cooking and storage follow ordinary methods (e.g. clean
surfaces, sealed containers). We focus on commaon kitchen foods and do not consider extreme
industrial processes.

Microbial Spoilage

The most common cause of food spoilage is microbial growth. Tiny organisms like bacteria, yeasts, and
molds feed on the food’s nutrients and multiply. For example, bacteria thrive in moist, protein-rich
foods such as meat, fish, milk, and fresh bles. C poilage bacteria include Pseudomonas
and Lactobacillus. Yeasts (single-celled fungi) often spoil sweet or acidic foods like fruit juices, jams,
and soft drinks; they can produce gas or alcohol as they grow. Molds are fungl that grow on the
surfaces of many foods, even if the food is fairly dry. You see mold as fuzzy green, black, or white
patches on bread, cheese, or fruits, A classic example is Rhizopus growing on bread, Some molds even
make mycotoxins, poisonous chemicals that are dangerous if eaten.

As spoilage microbes grow, they change the food's smell, appearance, and texture. Spoiled foods often
have bad odors or tastes and can look slimy or fuzzy. For example, Michigan State Extension notes you
might smell sour milk or see “blue fuzzy stuff* on old leftovers, or bread that “tastes like dirt,” which is
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actually unseen maold. When these changes happen, it is a clear sign the food is spoiled. (Fortunately, in
most cases spoilage microbes simply ruin the food and do not cause serious illness.)

Enzymatic Reactions

All plant and animal foods contain enzymes - natural proteins that trigger chemical changes. After
harvest or slaughter, enzymes keep working in the food. A well-known case is enzymatic browning:
when you cut a fruit like an apple or potato, enzymes in the cells react
with the air {oxygen) and turn certain compounds into brown pigments.
This makes the cut surface quickly turn brown. For instance, slicing an
apple or potato exposes phenol enzymes to air; the phenolase enzyme
converts fruit phenols inte brown melanin pigment. An apple turning
brown is still safe to eat, but it shows quality is declining. {Lemon juice
or cold water can slew this by denaturing the enzyme or keeping air
away.)

Enzymes also cause fruits and vegetables to soften and ripen. For
example, as bananas ripen, enzymes turn starches into sugars and break
down cell walls. Nebraska Extension nates that as a banana goes from
green to yellow to brown, not only does its color change, but its texture
changes too. This softening and eventual mushiness is due to enzymes
breaking down pectin and other cell components. In dairy or meat, enzymes (from bacteria or the food
itself) can break down proteins and fats aver time, causing off-flavors or slimy textures, Refrigeration
or cooking (Blanching) can inactivate many enzymes to slow these changes.

Chemical Spoilage
Even without microbes or enzymes, foeds can spoil by chemical reactions. One major type is lipid
oxidation, commonly called rancidity. This happens when oxygen from the air reacts with fats and oils
in food. Unsaturated fats (found in nuts, seeds, vegetable oils, fish oils) are especially prone to this, The
chemical reaction creates new compounds (aldehydes, ketones, alcohols) that smell and taste bad. In
other words, fats break down and become rancid. For example, cooking oil of nuts stored too long wall
develop a sharp, sour odor. Exposure to light, heat, or metals speeds up rancidity. Scientists explain
that when fats are exposed to oxygen, they form free radicals and peroxides, leading to off-odors and
flavors. Food producers often add antioxidants (like vitamin E or BHA) or use airtight dark containers to
slow this process.

Another chemical change is non-enzymatic browning (the Maillard
reaction), which causes browning during cooking (like bread crust or
roasted coffee). During storage, uncontrolled Maillard reactions can
darken foods or change flavors (for example, milk powder may turn
brown and lose nutrients). Hydrolytic rancidity is when moisture
and lipase enzymes break fats into free fatty acids (as in butter
geing “soapy” smelly). Also, expesure to light and heat can destroy
witamins (especially vitamin C and A), reducing nutrition. In all,
these chemical processes slowly make food less nutritious and
unappetizing, even if not abviously maldy.

Factors That Affect Spoilage
Several conditions in the storage environment speed up or slow spoilage:

+ Temperature: Warm temperatures make foods spoil faster. Microbes grow rapidly at room
temperature. Most bacteria grow well between about 40°F and 158°F (5=70°C). Nebraska
Extension explains that food deteriorates faster at higher temperatures, and that storage
should be 40°F or below for refrigerated items. Refrigerators (~4°C or 40°F) slow most microbial
growth, and freezers (0°F or —18°C) halt it almost entirely (freezing stops growth but does not
kill all organisms). That is why perichable foods (milk, meat, cooked leftovers) should be chilled
quickly after cooking. COC guidelines note that leaving perishable food out of the fridge for
more than 2 hours (or 1 hour if >30°F outside) can allow dangerous bacteria to grow.

*  Moisture: Foods with high water content spoil much faster, Fresh fruits and vegetables (90—
95% water) and raw meats (70-80% water) are very perishable. Moisture allows bacteria and
molds to thrive. In contrast, very dry foods (like crackers, cereals, dried beans) resist microbes,
though they may still go stale, However, if a dry food absorbs moisture (e.g. crackers on a
humid day), it can become a good environment for spoilage.

+ pH (Acidity): The acidity of food (pH) affects what microbes can grow. Most bacteria do not
grow well below pH ~4.5. This is why sour or fermented foods (vinegar pickles, jams,
sauerkraut) resist bacterial spoilage. Yeasts and molds tolerate acidity better, but even they
slow down in very sour conditions. As [26] notes, pickling or fermentation lowers the pH to
levels that inhibit bacteria.

+ Oxygen: Oxygen in air is needed for many spoilage reactions. Most bacteria invelved in spoilage
are aerobic (they need oxygen) and moulds need it too. Fats oxidize in the presence of oxygen.
Reducing oxygen (by vacuum packing or sealing) is a powerful way to slow spoilage. (Anaerobie
bacteria like Clostridium can spoil foods without oxygen, but those usually occur in canned or
vacuum-packed foods that were contaminated.)

s Light: Light (especially UV light) accelerates chemical spoilage. It speeds up fat oxidation and
can break down vitamins and pigments (e.g. causing milk or beer to “skunk” if light shines on
them). This is why light-sensitive foods are often in opaque containers.

In summary, cool, dry, and low-oxygen conditions slow spoilage; warm, moist, oxygen-rich conditions
speed it up.

Spoilage vs. Food Safety

It is important to distinguish spoilage organisms from pathogens (foodborne iliness germs). Spoilage
microbes (many types of bacteria, yeasts, molds) grow in food and make it unappetizing = changing the
color, smell, taste or texture. As MSU Extension explains, spoilage organisms often make food look or
smell unpleasant (slimy meat, moldy bread), but usually do not cause serious illness. For example,
bread with mold should be thrown out because it is no longer good, but the mold itself rarely causes
death (though it might upset your stomach if eaten).

Pathogens (like Salmonella, Listeria, E. coli, or norovirus) are germs that can make you sick. Unlike
speilage microbes, pathogens often cannot be seen, smelled, or tasted, They can grow in food without
obvious signs. For instance, properly cooked and stored food can still harbor a few Salmonella bacteria
that can cause illness, even if the food smells fine. A good rule is: if food smells bad or tastes off, itis
likely spoiled and should be thrown away - it’s net worth the risk, CDC and food experts advise, “If
food has an off odor or appearance, don't taste it” (it is probably under attack by spoilage organisms).

In contrast, you cannot trust sight or smell to detect pathogens. In practice, safe food handli
thoroughly, keep things clean, and refrigerate promptly) is the best defense against pathoge

Preventing Spoilage

The good news is that spoilage can often be delayed with proper methods. The goal is to ren
reduce what spoilage microbes and reactions need, Chilling and freezing: Keeping foeds cold
slows spoilage microbes and enzyme activity. Store perishable foods in the fridge at 40°F (4%
below, and in the freezer at 0°F (-18°C). Quick chilling cooked foods and keeping the fridge ¢
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Drying: Removing water prevents microbial growth. Dry fruits, jerky, powdered milk, and dri
keep far longer than fresh versions. Sun drying or dehydrators work by reducing maisture.

Canning and Pasteurization: Applying heat kills most microbes. Canning means sealing food
cans and heating to a temperature that destroys microorganisms and enzymes. After cooling
sealed lid prevents new bacteria from entering. Pasteurizing liquids (like

milk or juice) means heating them briefly to kill pathogens. These methods  #
dramatically extend shelf life.

Acidification (Pickling/Fermentation): Adding acid (vinegar, lemon) or L4
fermenting with good bacteria [yogurt, kimchi) lowers pH. Most spoilage

bacteria cannot grow in acidic conditions, so foods like pickles or sauerkraut
stay safe for months.

Preservatives: Salt (curing meats) and sugar {making jams) bind
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Reading Comprehension Questions
1. What are three kinds of microorganisms that cause food to spoil?
2. Give two commaon signs that food has spoiled.
3, What is rancidity in food?
4. Why do cut apples or potatoes often turn brown?
5. How does keeping food cold (in a refrigerator or freezer) help prevent spoilage?
6. What is the difference between food spoilage and foodborne illness?
7. Name two methods of preserving foed mentioned in the reading.
8. How does pickling (using vinegar or acid) prevent spoilage?
9. Why should you throw away food that smells or looks bad?
10. What role do enzymes play in the spoilage of fruits and vegetables?

Extension Questions
1. Find a real example of a fermented food (like yogurt, sauerkraut, or kimchi). Describe how
fermentation preserves it.
2. Research a news story or case where a large amount of food spoiled or caused illness [for
example, a moldy crop or contaminated product). What happened and why?
3. Pick one fresh food (such as bread, milk, or lettuce) and research how lang it stays fresh ina
refrigerator vs at room temperature. What factors affect its shelf life?
4, Explain how salt or sugar can act as a preservative. Give an example of a food that is preserved
this way.
Find out the recommended temperature for your refrigerator and freezer. How do these
temperatures help keep food safe?
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Upgrade to the Grade 8 and Up

Reading Mega Bundlie
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