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Popping Behavior and Zein Coating of Popcorn

P. JOHNNY WU' and HENRY G. SCHWARTZBERG 2

ABSTRACT Cereal Chem. 69(5):567-573

Expansion ratios, extents of evaporation, popping temperatures, and a result of melt solidification. Popping temperatures of popcorn in 2000 C
heating-induced enthalpy changes were measured versus temperature and air inversely correlated with initial moisture content. The temperature
moisture content for popcorn. These were used to identify the conditions dropped 5.4-6.20 C at popping. Coating popcorn with zein slightly reduced
that induce popping and the levels of moisture loss needed to stabilize the rates of moisture loss during heating. Expansion bulk volumes
puffed structures. Popping probably initially occurs through expansion increased 15% for coated popcorn, and the unpopped ratio decreased
of vapor trapped in individual grains of starch. Pore walls rupture, vapor slightly, but only when the popcorn popper was not preheated. Expansion
escapes, and pores merge when excessive vaporization occurs. The volume did not increase significantly when the popper was preheated.
enthalpy balance during popping indicates that evaporative cooling during Zein coating did not significantly improve expansion bulk volume and
popping is counterbalanced almost quantitatively by release of heat as unpopped ratios for samples with damaged pericarp.

Popping, upon heating, is caused by: 1) buildup of water vapor
pressure in individual starch granules, 2) temporary counter-
balancing of that pressure by tensile stresses that develop in the
granules and the pericarp, 3) release of constraint due to failure
of these elements, and 4) rapid generation and expansion of vapor
after such failure. The endosperm of popcorn is covered by a
tough skin, the pericarp, and contains two parts: the horny (trans-
lucent) endosperm, which lies near the crown and outer edges
of the kernel, and the floury (opaque) endosperm, which surrounds
the germ at the base and center of the kernel (Hoseney et al
1983). Popcorn contains more horny endosperm and a higher
protein-carbohydrate ratio (1.8:1) than field corn (1.5:1), e.g.,
white or yellow dent corn. The horny endosperm contains tightly
packed polygonal starch granules with diameters ranging from
8 to 17 ,tm, imbedded in a protein-rich matrix. The floury endo-
sperm contains spherical starch granules of similar diameter. They
are covered by protein films and separated by intergranular air
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spaces. Chemical analysis of the separated opaque and translucent
endosperms showed that the two contained equal amounts of
protein but that the types of protein are different (Hoseney, 1986).
The germ does not pop, and popping does not alter it chemically
or physically.

The pericarp acts as a pressure vessel, which allows vapor
pressure to build up during the popping and limits moisture loss.
The tissues of the pericarp and tip cap are continuous; hence
these two structures form a complete covering for the kernel.
Popcorn with damaged pericarp does not pop well, i.e., does
not expand as much in popping. Hoseney et al (1983) found
that initial breaks in the pericarp affected popped volume more
radically than did subsequent breaks. Although it has been claimed
that the mass percentage of pericarp is about the same in all
types of corn, the thickness of pericarp ranges from 40 to 120
jm depending upon the variety (Richardson 1957). The thickness
depends on both the location of the kernel on the ear and the
position of the pericarp on the kernel. The pericarp is thinner
on kernels near the tip of the ear; butt kernels have the thickest
pericarp. The pericarp is much thicker on the crown of the kernel
than over the germ (Wolf et al 1952, Richardson 1960). Therefore,
variation of pericarp thickness, in terms of pericarp yield strength,
might be an important factor that causes the optimum moisture
content to vary for different popcorn varieties or even with loca-
tion of kernels on the ear, causing different degrees of expansion
for different kernels. Richardson (1957) has suggested that peri-
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carp thickness should be used as one indicator of popcorn quality.
The expansion volume of popcorn is important because popped

popcorn is usually sold and bought by the consumer on the basis
of volume rather than weight (Matz 1984). Popcorn with higher
expansion potential generally has a more tender texture than does
popcorn with lower expansion. Popped popcorn with a highly
irregular pronged appearance is called "butterfly" shaped, whereas
kernels that are predominantly spheroidal with few projections
are "mushroom" or "ball" shaped. In general, popped kernels
with "mushroom" shape have a lower expanded bulk volume
and a smooth surface. Expansion bulk volume also depends on
moisture content, popping temperature, kernel size, kernel shape,
kernel location on the ear, hybrid type, test weight, initial specific
gravity, dry matter per kernel, harvest maturity (moisture content),
various drying parameters, stress cracks, and heating rate.

Moisture content strongly affects the expansion volume of
popcorn. Several studies indicate that the moisture content that
is optimum for maximizing expansion volume ranges from 12.5
to 14.0% wb (Bemis 1959, Eldredge and Thomas 1959, Huelson
1960). Haugh et al (1976) found that the optimum moisture content
and the ranges of optimum moisture content were different for
different hybrids. Hoseney et al (1983) explained that at low
moisture contents there is insufficient superheated water for
complete expansion, but high moisture contents weaken the
pericarp, causing an early release of pressure. When water vapor-
izes at 1800C it expands 194-fold in volume. Low moisture con-
tents also influence popping through their effect on the yield
properties of the solid matrix.

Figure 1 qualitatively portrays changes in pore wall strength
(Sy) and wall stress (Sw) due to internal vapor pressure for two
feeds: one containing adequate moisture and the other too little
moisture (Schwartzberg and Wu 1988). As temperature increases,
stress due to internal pressure increases; and pore wall strength
decreases. Puffing starts when SW, the stress due to internal pres-
sure, exceeds Sy. and it stops when internal pressure decreases
due to venting or to diffusive vapor escape and increases in Sy
due to evaporative cooling and to moisture loss cause Sy to exceed
SW. The puffed structure sets up when Sy exceeds SW. In feeds
with too little moisture, internal pressure never becomes high
enough and/or Sy never becomes small enough for SW to exceed
SY, and puffing does not occur. Puffing would fail to occur for
the same reason if excessive moisture loss occurred during the
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Fig. 1. Changes in wall stress (Sw) and wall strength (Sy) versus time during
heating of popcorn kernels containing suitable and unsuitable moisture
contents.

heating process. Strong shells, such as the pericarp in popcorn,
effectively increase Sy and allow more melting of starch to occur
before puffing.

Expansion volume is influenced by the oil temperature during
hot oil popping. Weatherwax (1921) recommended oil tempera-
tures between 175 and 2000C and that popping be completed
within 2-3 min. Hoseney et al (1983) reported that popping
occurred at about 1770C, which for pure water is equivalent to
a pressure of 931 KPa (135 psia) inside the kernel. He explained
that most of the water in the kernel is superheated at the moment
of popping, and vapor pressure exerted by the water provides
the driving force for expanding the kernels when the pericarp
ruptures. His approach is not completely correct, because he
assumed that vapor that formed inside the popcorn kernel was
saturated and neglected the volume occupied by dry solids in
the popcorn. Moreover, effects due to oil temperature may be
caused by a difference in heating rate rather than being a direct
effect of the temperature used. For constant moisture content,
the higher the oil temperature is, the higher the heating rate is.
Roshdy et al (1984) measured an average temperature of 187°C
at the center of kernels at the instant of popping in a continuous
hot air popper. Interactions between moisture content and pop-
ping temperature may exist and affect the expansion volume.
The optimum moisture content that maximizes expansion volume
may be quite different at various heating temperatures or heating
methods.

This study was to investigate the popping behavior of popcorn
using hot air, to determine whether the yield strength of popcorn
pericarp can be manipulated by a deposited coating, and to deter-
mine how rates and extent of vapor releases during heatup and
puffing itself affect the puffing process.

MATERIALS AND METHODS

Popcorn
The popcorn used in this study was a commercial yellow

popcorn, Bonnie Lee, distributed by Weaver Popcorn Co., Inc.
(Van Buren, IN, and Ulysses, KS). After purchase, it was stored
in an airtight glass bottle at room temperature before treatment.
Samples with initial moisture content of 15.6%, db, were slowly
dehydrated or rehydrated to provide the desired moisture contents
and equilibrated in a sealed glass container at least 72 hr at room
temperature. Samples with adjusted moisture contents were kept
in a refrigerator at 40 C. Before each test, samples were equilibrated
at room temperature 24 hr.

Rehydration of samples was done by spraying water on the
inside wall and lid surface of the airtight glass jar. Any direct
contact between water droplets and kernels was avoided to mini-
mize steep moisture gradients that might induce stress cracks in
the kernels and affect the expansion volume of popcorn. The
containers were kept at room temperature (250 C), and the sample
weights were measured every day until the sample had absorbed
the appropriate amount of moisture. For dehydration, samples
were dried slowly in a 400 C incubator without circulation to avoid
crack formation in kernels. The moisture contents of popcorn
samples were determined with at least three replications by AACC
method 44-1SA (AACC 1983) (drying a 15-g sample at 103 ±
1°C for 72 hr).

Measurement of Expansion Ratio
The expansion ratio (ER) used to characterize expansion in

puffing, was determined using the formula:

ER = Vf/ Vi, (1)

where Vf is the final specific volume of puffed samples and V,
is the initial specific volume of samples. Actual product volumes
rather than bulk volumes were used. Specific volumes were
determined by the displacement method (using 1-mm glass beads
and a 86.5-ml container).

Measurement of Expansion Bulk Volume and Unpopped Ratio
Popcorn samples (15 g) were popped in a modified hot-air
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