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How Does the Freezer Burn Our Food?
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ABSTRACT: Freezer burn is a common problem
that significantly affects the color, texture, and
flavor of frozen foods. Food science students
should be able to clearly explain the causes and
consequences of freezer burn. However, it is
difficult to find a modern, detailed, accurate, yet
concise, explanation of the mechanism and
factors influencing the rate of freezer burn,
suitable for classroom use. Thus, the purpose of
this article is to provide students and instructors
alike with such an explanation, replete with
visual explanations, including 2 short
animations. The animations, in QuickTime
format, are available as supporting information
and can be downloaded for free educational use.
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Student-Centered Learning Objectives
Students will be able to:

1. Define the term freezer burn.
2. Describe the mechanism and driving force underlying moisture loss

(dehydration or desiccation) from frozen foods.
3. Explain how self-defrosting freezers and individually quick frozen products

contribute to the problem of moisture loss during frozen storage.

What Is Freezer Burn?
The scope of the term freezer burn varies widely in both scientific and lay

literature. In the narrowest use of the term, freezer burn describes only the loss
of moisture (also termed as dehydration or desiccation) from the surface of
frozen foods over time during frozen storage, yielding an opaque dehydrated
surface (for example, Muthukumar and others 2005). In the broadest use of the
term, freezer burn describes both the dehydration and associated degradation in
color, texture, and flavor that can occur on the surface of frozen foods, over time
during frozen storage (for example, Kobs 1997). These undesirable quality
changes are exemplified by the toughening and discoloration of the surface of
meat and poultry products, such as color changes in beef from red to brown
(Figure 1) and in skinless chicken breasts from pink to tan (Figure 2); the
shriveling of the surface of frozen foods, shown in Figure 3 for frozen green
beans; and the occurrence of lipid oxidation, which negatively impacts food
flavor (Erickson 1997; Hui and others 2004). Freezer-burned food is safe to
consume from a microbial perspective, but is of poor eating quality. If the
freezer-burned area is not too extensive, you can simply cut the affected
portion(s) off before or after cooking.

This article explores the mechanism and driving force underlying the
dehydration aspect of freezer burn. For the interested reader, Kobs (1997)
provides an excellent overview of the broad and interrelated nature of freezing
damage, including the chemical and physical changes that take place during
freezing, extended frozen storage, and subsequent thawing.

How (Mechanism) and Why (Driving Force) Is
Moisture Lost?

Moisture is lost from the surface of frozen food via sublimation, that is, the
phase transition of ice directly to the vapor phase, without going through the
liquid phase. Sublimation is similar to evaporation; however, in the case of
evaporation, water molecules transition from the liquid to the vapor state.
Sublimation and evaporation take place at the surface, where molecules can
escape (gain energy) or condense (lose energy). If the solid or liquid is contained
in a closed system at constant temperature, equilibrium between the vapor
pressure of the solid or liquid surface and the container headspace is reached,
where an equal number of water molecules leaves and returns to the surface
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Figure 1—A store-wrapped frozen beef
roast that was stored in a home freezer
for approximately 6 mo at −18 ◦C. The
surface is dehydrated, the texture
leathery, and the color has begun to
change from red to brown. Insert shows
the red color of frozen beef roast for
comparison purposes. The color change
is caused by the oxidation of the red
colored pigment, myoglobin, to the brown
colored pigment, metamyoglobin (Hui and
others 2004).

Figure 2—Comparison between a fresh
skinless chicken breast (left) and one
that was stored unwrapped for 2 mo at
approximately −30 ◦C (right).
Sublimation from the surface of the
frozen chicken causes air pockets to
develop, forming a honeycomb structure
that results in the light tan colored
areas associated with the surface of
freezer-burned chicken flesh (Kaess
1961; Anonymous 1996).

(Figure 4, left). The vapor pressure of this equilibrium condition
is called the saturated vapor pressure and is a function of
temperature (Figure 5 and Table 1).

It is important to note that even though the vapor pressure
appears to have leveled off to a near constant value at low
temperatures in Figure 5, it is still decreasing appreciably with
decreasing temperature as shown in Table 1. If the solid or
liquid is contained in an open system at constant temperature,
equilibrium is still attempted, but this time between the vapor
pressure of the solid or liquid surface and the headspace of the
entire room (Figure 4, right). In the case of an open system,
“equilibrium” is often achieved by evaporation or sublimation
of all the water or ice from the container. The demarcation
between sublimation (ice to vapor) and evaporation (liquid
water to vapor) phase transitions is the triple point of water

(0.01 ◦C and 0.006 atmospheres, IAPWS 2002). At the triple
point of water all 3 phases—solid, liquid, and vapor—are in
equilibrium. It is interesting to note that sublimation of ice from
the surface of frozen foods is the same process that results in the
slow disappearance or “shrinking” of ice cubes in the freezer, as
well as the vanishing of snow even when temperatures remain
well below freezing.

Sublimation from the surface of food occurs because the
vapor pressure of ice at the surface of the food is greater than
the vapor pressure of water in the air (Ashy and James 1973). Ice
sublimates in an effort to equilibrate with the vapor pressure of
water in the air. At the same time, water vapor in the air
condenses directly as ice on the coldest surfaces in the
refrigerator system, which is usually the refrigeration coils (also
referred to as the condenser). Ice on the coldest surfaces in the
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refrigerator system has the lowest vapor pressure (see Figure 5 or
Table 1). Direct condensation of vapor in the air to ice is termed
as deposition or ablimation, to distinguish the process from the
condensation of vapor in the air to liquid water, as observed on

Figure 3—Dried, shriveled surfaces of freezer-burned green
beans and associated ice accumulation.

Figure 4—Evaporation (top) is the liquid to
vapor phase transition, in a closed,
equilibrium system (left) and an open,
nonequilibrium system (right), occurring
above the triple point of water (0.01 ◦C and
0.006 atmospheres, IAPWS 2002).
Sublimation (bottom) is the direct solid (ice)
to the vapor phase transition, in a closed,
equilibrium system (left) and an open,
nonequilibrium system (right), occurring
below the triple point of water. At the triple
point all 3 phases—solid, liquid, and
vapor—are in equilibrium.

the outside surface of a cold glass of lemonade on a warm,
humid summer day. This deposition of water vapor in the air to
ice on the refrigerator coils perpetuates the low vapor pressure
of water in the air of the freezer compartment, thus, maintaining
the driving force for sublimation from the surface of the food.

In summary, moisture transfer proceeds from ice at the
surface of the food, via sublimation, to water vapor in the air of
the freezer compartment, back to ice, via deposition, on the
refrigerator coils (Figure 6 and Animation S1). The overall
driving force for this moisture transfer is the vapor pressure
gradient between ice at the surface of the food (pice food), the
water vapor in the air (pair), and the ice on the refrigerator coils
(prefrigeration coils), where pice food > pair > prefrigeration coils. Since
vapor pressure is a function of temperature (Figure 5 and Table
1), the sublimation driving force could also be expressed in
terms of temperature, where T ice food > Tair > T ice condenser (Franks
1998).

Sublimation is also the basis of the freeze-drying process. In
freeze-drying, the product is frozen and then the external (also
called atmospheric or ambient) pressure is reduced by using a
vacuum. It is important to note that the vacuum only affects the
rate of sublimation (increases it), but does not affect the driving
force or the extent to which ice can be sublimated (Franks 1998;
Franks 2007). The driving force for freeze-drying is still provided
by the vapor pressure difference between the ice at the
sublimating surface of the food and the condenser surface, with
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Figure 5—Saturated vapor pressure of
ice and liquid water plotted as a
function of temperature (data from
Weast 1975–76). The triple point of
water is also plotted, demarcating the
occurrence of sublimation (below the
triple point) or evaporation (above the
triple point). For reference, the average
set temperature recommended for a
home freezer is 0 ◦F or −18 ◦C.

the air playing the same intermediary, or go-between, role as
described previously for freezer burn dehydration.

How Do 2 Modern Conveniences Contribute
to the Problem of Freezer Burn?

Two modern conveniences have inadvertently contributed to
an increase in the dehydration aspect of freezer burn:
self-defrosting or frost-free freezers and individually quick
frozen (IQF) products. In a manual defrost freezer, accumulation
of ice in the freezer compartment over time (Figure 7) serves to
increase the average water vapor pressure of the air in the
freezer, thereby decreasing the sublimation driving force over
time. However, self-defrosting freezers contain a heating coil (in
addition to refrigeration coils) that regularly (every 6 to 8 h)
melts the deposited ice layer off the refrigeration coils (the
melted water is collected in a drain pan under the refrigerator,
where over time heat from the motor causes the liquid water to

Table 1—Vapor pressure as function of temperature for ice (at 0 ◦C
and below) and liquid water (at 0 ◦C and above) (Weast 1975–76).

Temperature (◦C) Phase Vapor pressure (atm)

−50 Ice 0.000038882
−40 Ice 0.00012711
−30 Ice 0.00037618
−20 Ice 0.0010211
−10 Ice 0.0025658
0 Ice and liquid 0.0060250
10 Liquid 0.012117
20 Liquid 0.023072
30 Liquid 0.041874
40 Liquid 0.072795
50 Liquid 0.12172
60 Liquid 0.19655
70 Liquid 0.30750
80 Liquid 0.46724
90 Liquid 0.69179
100 Liquid 1.0000

evaporate into the room), preventing frost (or ice crystal)
accumulation in the freezer compartment (Animation S2). This
removal of unwanted frost, however, keeps the vapor pressure of
the air inside the freezer compartment low, promoting
sublimation from the food’s surface via the maintenance of a
high sublimation driving force.

IQF products (Figure 8), though extremely convenient
because they allow consumers to select the desired number of
servings without thawing the entire package, promote
sublimation. IQF products promote sublimation because of their
large exposed surface area and because they lack the surplus ice
associated with traditionally frozen “block” products (Figure 9),
which can be sublimated in place of the ice from the surface of
the food. An ice glaze can be applied to the surface of some IQF
products to serve as an ice reservoir for sublimation, as well as
protection from oxidation. In addition to a large surface area,
typical resealable multi-serving IQF packages only loosely
enclose the product, promoting sublimation by exposing the
product to excess headspace air over extended frozen storage
times. The loose packaging associated with IQF products can
also lead to the undesirable appearance of frost on the inside of
the package, as sublimated water from the product condenses
on the cold inner surface of the package (Pham and Mawson
1997; Goff 2005). Examples of IQF freezer-burned foods and
associated frost accumulation are shown in Figure 3 (dried,
shriveled IQF green beans) and 10 (extensive frost accumulation
inside a bag of IQF glazed skinless chicken breasts).

Undesirable quality changes associated with freezer burn
manifest themselves over a time frame of weeks to months.
However, this time frame is dependent on a number of factors,
such as type, quality, and integrity of the packaging materials
and methods used (for example, wrap and seal tightly, avoid
excess headspace air, use materials with a low water vapor
transmission rate), the extent of the vapor pressure gradient, the
storage temperature (lower temperature results in slower
sublimation rate, Peters 1970), and the air circulation inside the
freezer (the more air circulation the faster the rate of
sublimation). The best thing a consumer can do to keep the
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freezer from burning their food is to seal (or reseal) frozen food
products properly and to consume the food within the
recommended amount of storage time (for recommended
storage times for quality, see the U.S. Food and Drug
Administration Center for Food Safety and Applied Nutrition
Cold Storage Chart 2002).

Figure 6—Schematic illustration
summarizing the 2-step moisture
transfer process that is responsible for
the moisture loss, or dehydration, aspect
of freezer burn. Moisture transfer
proceeds from ice at the surface of the
food (picefood), via sublimation, to water
vapor in the air of the freezer
compartment (pair) back to ice, via
deposition, on the refrigerator coils
(prefrigerationcoils). The driving force for this
moisture transfer is the vapor pressure
gradient, where picefood > pair >
prefrigerationcoils. Since vapor pressure is a
function of temperature (Figure 5 and
Table 1), the sublimation driving force
could also be expressed in terms of
temperature, where Ticefood > Tair >
Ticecondenser (Franks 1998).

Figure 7—Frost (or ice crystal)
accumulation in a freezer compartment
over time. Humidity from the air
introduced into the freezer compartment
when the door is open significantly
contributes to frost accumulation.

Examples of Active Learning Activities
The following are some active learning activities designed to

assist students in accomplishing the student-centered learning
objectives:

1. First, have students make a list of the symptoms (or
characteristics) of freezer burn. Next, have students inspect
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the contents of their home freezer, identifying and
recording any evidences they find on products of freezer
burn. Make sure to have them record the type of product
and how long it may have been in the freezer, as well as
the packaging materials used and conditions (for example,
package was loosely wrapped).

Figure 8—Individually quick frozen
strawberries are one example of a myriad of
IQF products available in today’s frozen
foods section.

Figure 9—A traditionally frozen “block”
of 4 skinless chicken breasts.

2. Transform each student-centered objective into a
question and use it as an in-class microtheme assignment
(Schmidt and others 2002) to probe student
comprehension.

3. Have student volunteers perform (termed Food Science
Theater, Schmidt 2008) the moisture loss aspect of freezer
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Figure 10—Frost accumulation inside an
IQF bag of glazed skinless chicken
breasts. Notice the splotchy tan areas
beginning to develop on the chicken
breast toward the bottom of the picture.

burn as depicted in Figure 6, using signs for the various
“players.” “Players” needed include ice on the surface of
the food, water vapor, refrigerator coil, and ice on the
refrigerator coil.

4. Select 6 freshly frozen ice cubes. Individually wrap three of
the ice cubes with saran wrap, making sure to minimize
the amount of air space around the ice cubes. Record the
weight of each ice cube. Place all the ice cubes in the
freezer, recording the temperature of the freezer and the
date. Periodically (about once a week for 3 to 6 mo)
reweigh each ice cube, recording its weight, the date, and
the freezer temperature. Encourage students to take
pictures of the ice cubes over time. Have students write a
minilab report explaining their observations. Be sure to
have them include a plot (weight compared with time) of
the data.

5. Purchase 8 fresh, unfrozen chicken breasts. Use 2 chicken
breasts for each of the following 4 freezer treatments: (1)
unwrapped, (2) dipped in water, unwrapped, (3) enclosed
in a ziplock freezer bag with a large amount of air, and (4)
enclosed in a ziplock freezer bag with a minimum amount
of air (vacuum pack, if possible). Have students write a
minilab report describing their observations. Encourage
students to take pictures of the different treatments over
time (initially and about once a week for 3 to 6 mo) to
augment their written observations.
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Supporting Information
The following supporting information is available for this

article.

Animation S1, “Mechanism and Driving Force Underlying
Moisture Loss during Frozen Storage.”

Animation S2, “Contribution of Self-Defrosting Freezers
to the Problem of Moisture Loss during Frozen Storage.”

Please note: Wiley-Blackwell is not responsible for the
content or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.
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