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Effects of Heating Methods and Kernel Characteristics on
the Expansion of Whole Grains
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Abstract

Effects of heating methods (hot-air heating, roasting, and microwave radiation) and kernel characteristics on the
expansion of whole grains from different botanical sources have been examined. Waxy brown rice which composed
of hard endosperm with tightly adhering pericarps showed explosive expansion during heating. Scanning electron
microscopy showed that starch granules in hard endosperm expanded during heating, forming porous internal struc-
ture. Meanwhile those in soft endosperm remained intact since moisture vaporized into the void surrounding the
granules. Whole wheat which expanded to the least extent during heating showed the formation of large fissures
between pericarp and seed coat, indicating improper rigidity of pericarps as well as endosperm texture for puffing.
The degree of expansion and microstructure of kernel varied depending on the heating methods applied due to their
different heat transfer characteristics. Hot-air heating resulted in the higher extent of expansion than roasting or
microwave radiation. Whole grains heated by either roasting or microwave radiation showed not only similar extent
of expansion but also internal microstructures, although roasting process created the formation of an agglomerated
mass at the domain of endosperm due to the partial gelatinization of starches.
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Table 1. Characteristics of whole grains
Samol Characteristics
ample
P Moisture (%)  Endosperm texture” 100 Kernel weight (zg) ~ Bulk density (g/ml)  Density (g/cm’)
Brown rice 14.8+0.1* Hard 2.26+0.02¢ 0.50+0.01° 1.44+0.00°
Barley 11.9+0.2¢ Soft 2.64+0.02° 0.51£0.00° 1.42+0.00°
Wheat 12.4+0.1° Soft 4.28+0.05° 0.51+0.00° 1.42+0.00°
Oat 11.1£0.0° Soft 2.87+0.10° 0.48+0.01°¢ 1.370.00¢
Sorghum 11.6+0.1¢ Mixed 2.58+0.06° 0.49+0.00° 1.37+0.01¢
Waxy brown rice 13.3£0.1° Hard 2.08+0.03¢ 0.50+0.01° 1.44+0.00°
Waxy foxtail millet 11.5£0.1¢ Soft 0.29+0.00" 0.67+0.01* 1.39+0.00¢
" Endosperm texture: Hard; hard endosperm, Soft; soft endosperm, Mixed; hard and soft endosperm.
*"Values with different superscripts within a column are significantly different (p<0.05).
Raw grain Hot air heating Roasting Microwave heating
NS . ® ; .
Brown rice
Barley
Wheat
Oat
Sorghum
Waxy
brown rice
Waxy millet
Fig. 1. Appearance of whole grains after different heat treatment.
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Table 2. Degree of expansion for whole grains heated with
different processes

Degree of expansion (%)

Sample Hot air Roastin Microwave
heating g heating

Brown rice 131.1£3.9¢ 132.943.0° 119.5+4.0°
Barley 195.4+8.0° 183.0+15.4*  143.2+2.8°
Wheat 128.7+4.0¢ 134.9£1.0° 129.442 4¢
Oat 127.3£6.1¢ 137.0£1.1° 121.9£0.0°
Sorghum 176.3+£7.5° 123.3£11.1°  102.3+5.0°
Waxy brown rice 368.9+13.9*  194.4423.9* 235.1+24 .4°
Waxy foxtail millet  108.8+1.6° 107.8+1.6° 100.0+0.0°

**Values with different superscripts within a column are significantly
different (p<0.05).
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Fig. 2. Scanning electron micrographs of heated waxy brown rice. A: central endosperm, B: peripheral endosperm; 1: hot air heating,

2: roasting, 3; microwave heating.
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Fig. 3. Scanning electron micrographs of heated sorghum. A: central endosperm, B: peripheral endosperm; 1: hot air heating, 2: roasting,

3: microwave heating.
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Fig. 4. Scanning electron micrographs of heated wheat. A: central endosperm, B: peripheral endosperm; 1: hot air heating, 2: roasting,

3: microwave heating.
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