Effect of Heating Without Drying on
The

Brown Rice Kernel
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Introduction

Unbroken rice kernels are preferred for the commercial market because their
value generally is much greater than that of broken kernels. Therefore, the
ways to increase maximum head yield or to reduce rice fissuring and cracking
are of great interest to the rice industry.

Mechanical properties of the individual rice grain change with varying envi-
ronmental conditions which involve mainly moisture and temperature. Rapid moi-
sture adsorption or desorption due to environmental changes during harvesting,
handling and processing are expected sources which may cause fissures in rice
kernels.

In the drying operation, both moisture desorption and moisture adsorb moi-



sture from the humid warm exhaust air before the grains begin to dry. During
tempering, moisture in the humid warm air may condense on cooler grains or su-
rfaces. Temperature gradients often exist in grains during different phases of the
drying procedure. It has been believed that all of these conditions may contribute
to fissuring of the rice grain.

Some researchers, Kunze, (1964), Wratten et al. (1975), believe that the moisture
gradiént has more influence on the fissuring of rice grains than does the temper
ature gradient. There are few studies where the temperature gradient effect on
the fissuring of rice has been investigated experimentally without being entangled
with simultaneous moisture changes. The objective of this study was to single
out the effect of the temperature gradient on rice fissuring both with theoretical
calculations and with simple experiments.

Literature Review

Kondo and Okamura (1930) reported that 72 percent of rough rice at 126 pe-
rcent moisture fissured when exposed to an ambient air from 8 a. m. one day to 8
a. m. of the next day. In case of brown rice, 100 percent fissured. The fissuring
was due to moisture adsorption during the high relative humidity hours of the night.
Hendersen (1954) reported that checking result from a moisture of Teémperature
increase. When the outer portions of the kernel take on moisture or increase in
temperature, they expand. Since the central portions are inelastic, internal pulling
apart occurs and cracks or faults result. He also mentioned that checking fast
drying must be due to the increase in temperature which produces fast drying
rather than a decrease in moisture in the surface portions.

Ban (1971) found that the crack ratio increased when drying air temperature
was increased. The crack ratio was defined as the number of grains that fissured
compared to the total number of grains treated. The crack ratio reached a ma-
ximum at 80°C, and then, it dropped to practically zero at 130 C. The decreasing
crack ratio above 80 C is probably attributable to the fact that the starch granules
in high moisture rice were beino gelatinized.

Kunze and Hall (1965, 1967) found that a thermal gradient of 34 C did not pro-
duce fissures in rice as long as the grain was maintained at a constant moisture
content. Thev concluded that thermal stresses were small compared to moisture
stresses.

Arora et al. (1973) studied thermal and mechanical properties of the rice grain
and concluded that rice kernels exhibit an increased rate of thermal expansion
above 53 C. A temperature difference larger than 43 C between the drying air and
the rice kernels was calculated to be sufficient to cause kernel damage.

Wratten, et al. (1975) found that the coefficient of cubical thermal expansion of
brown rice could be expressed by the formula

fr x10°=9.36+1.09M?~+0.0329 M?

And, the coetficient of cubical hygroscopic expansion of brown rice was found
to be

Ar=0.0106+0.000059 T



where

‘fr=coefficient of cubical thermal expansion, mm?®mm?3-°C
Br=coefficient of cubical hygroscopic expansion, mm®/mm’ -%M
M =moisture content, % dry basis

T =temperature,’C

They concluded that volumetric expansion of brown rice for a 1 percent change
in moisture is about 100 times that for a 1°C change in temperature. Stresses due
to moisture gradients therefore may be the major cause for cracking the drying
process. ‘

Kunze and Choudhury (1972) made a hypothetical stress analysis for the rice
kerne] and reported that kernel failure could occur if the compressive stresses at
the surface layers developed to the extent that the resultant stresses at the center
exceeded the tensile strength of the central portions of the grain.

Hogan and Larkin (1954) applied X-ray and photomicrography technigues to
examine the structure of rice kernel and found that the physical properties of the
rice kernel depend largely on the properties of the bricklike-shaped starchy endo-
sperm cells. They concluded that the radial arrangement of the endosperm cells is
generally responsible for the checks and breaks which develope across the kernel.

Desikachar and Subrahmanyan (1961) found that milled raw or parboiled rice
developed transverse lines of cracks when soaked in water. It took a longer time
for the cracks to develop in parboiled rice than in raw rice. Formation of cracks
was accelerated by temperature in the case of parboiled rice; whereas a retarding
effect was observed above 70°C in raw raw rice. At ordinary temperature (SOOC),
a certain time (about 3-4 minutes in the case of raw rice and about 20 minutes
for parboiled rice) elapsed before the cracking started.

Method and Procedure

Two appronches were used for this study. In the first, hot air was used to
heat the rice and to produce a temperature gradient in the grain. In the second,
rice was first submersed in liguid refrigarant (R-12) for a given time interval be-
fore the same grains were submersed in hot water to produce the temperature
gradient.

A. First Approaeh:

Brown rice (Labelle) hervested in Texas during 1977, was used in this study.
The grains were hulled with a Satake Grain Testing Mill. Only sound and unfissu-
red kernels were selected for the experiments.

The selected brown rice kernels then were divided into three equal portions.
Each portion was placed in a sealed plastic container and equilibrated with a spe-
cific salt solution. All containers were put into an environment controlled cha-
mber with a temperature of 25°C. The satl solutions were sodium’ chloride (NaCl),
potassium carbonate (K,Co;) and lithium chloride (LiCl). The expected relative
humidities which these saturated salt solutions produced at the 25°C temperature
are shown in Fig. 1. The kernels equilibrated with NaCl, K:Co; and LiCl would
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Fig. 1. The relative humidities which the respective saturated salt
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solutions will produce in enclosed containers at the indicated temperatures.

then have final moisture contents of 14.87, 10.53 and 486 percent respectively, at 25°C.
The experimental set-up was composed of two water baths with heat exchangers’ a
saturated vapor collector, an inspection chamber, thermometerf and insulated co-
nnecting tubes, (Fig. 2). A battery operated pen flashlght was used to inspect grains

for fissures.

Air was forced in through coils of copper tubing in the lower temperature wa-
ter bath (LTWB). Then, it was bubbled through the water to saturation and colle-
cted by the the higher temperature water bath varpor collector before being sent
to the higher temperature water bath (HTWB). The air was then moved through
coils of copper tubing in the HTWB and conditioned to the desired temperature
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Air was conditioned to the appropriate temperature and relative humidity.



and relative humidity. The copper tubes served as a heat exchanger.

The conditioned air then was exhausted into the heating chamber where the
rice kernels were placed and heaced and heated for 4 hours during each treatment.
Before and after each treatment, the kernels were inspected for fissures and were
weighed with a precision balance to determine if there was a gain or loss in mo-
jsture. At higher relative humidities, a small glass ‘vessel was used to f'replace the
long inspection chamber to avoid moisture condensation. :

In order to achieve the goal of heating the grain without changing its moisture
content, the relative humidity of “che heated air must be exactly the same as the
equilibrium relative humidity of the grain at the elevated temperature. Since needed
specific information was not available, data for making an estimate were obtained
from the literature.

Equilibrium moisture contents for undermilled rice at 25°C were obtained from

Karon and Adams (1949).

Ebuilibrium moisture contents (wb) at 25°C for undermilled rice

Relative Humidity %

30]40}50 60!‘70]‘90[90

10 ! 20 ’

46 1 7.0

8.6 I 10.0 } 114 12.8 ’ 14.2 ' 15.4 ) 184

By means of interpolation, the equilibrium relative humidities of undermilled
rice of 4.86, 10.53 and 14.87 percent moisture contents at 25°C were found to be 111,
43.8 and 75.6 percent, respectively.

The hygroscopic ebuilibrium chart for rough rice (Fig. 3), developed by F. T.

Wratten, was used to extrapolate the following:

! Equilibrium Relative Humidities

M. C. (% wh) : —
25°C 43°C 66°C
4.86 195 (11.2)* 19.0 37.0
10.53 515 (43.8)% 60.5 09.5
14.87 79.5 (75.6)* 83.5 88.0

* Date in parentheses were obtained by extrapolating from Karon and Adams (1949).

Finally, the equilibrium relative humidities (ERH) for brown rice at 43 and 66:C
were estimated by proportioning. For example, the estimated ERH for brown rice
having 4.86 percent M. C. at 43°C equals to 19.0x(11.1%10.5)=20.3 percent, thus pro-
ducing Table 1L
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Table 1. Equilibrium relative humidities in percent for brown rice

at the temperature and moisture contents indicated

M. €. (% wb) t 43°C ‘ 66°C
i

4,86 ! 20.3 39.5

10.568 ' 51.6 60.8

14.87 79.4 83.7

A psychrometric chart was used to find the dew points for conditioned air at
20.3, 515 and 794 percent R. H. at 43°C. The respective dew points are 16, 31 and
39 C. The dew points for conditioned air at 39.5, 60.8 and 83.7 percent at 66°C are
46, 54 and 862°C, respectively.

Therefore, the temperature of the LTWB was so set that the temperature of
the saturated vapor leaving the LTWB was expected to be at the dew point in each
case. After heating in the HTWB. the relative humidity of the heated air approxi-
mated the ERH listed in Table 1.

The rate of air flow was roughly measured to be 100 c. c. per second.

B. Second Approach:

Brown rice (Lbelle) harvested in Texas during 1978 was equilibrated in the la-
boratory ambient air at an average temperature of 22°C and 58 percent relative
humidity. The brown rice grains were divided into groups of 25 kernels. The sa-
mples were first submersed in liquld refrigerant R-12 (Dichlorodlfluromethane) for
a short time to cool the grain to the saturation temperature of the refrigerant at
atmospheric pressure. After that, the grains were immediately submersed in water
at 66°C for another short period of time. Thereafter, the grains were removed
from the water and inspedted for fissures.

The time periods for which the grains were submersed were 10, 30 and 60 seco-
nds in the refrigerant, and 10, 20, 30 and 60 seconds in the water. Three replica-
tions of each treatment were run.

Results and Discussion

Brown rice (sample size 25 or 50 kernels) conditioned to three levels of moisture
content at 25°C, when exposed for 4 hours to heated air at 43°C and 66°C, respecti-
vely, without drying or wetting of the grains, showed no fissures, Table 2.

Table 2. Heating brown rice with conditioned air

(Moisture contents on wet basis)

Sample Heating-air ! Grain¥*
No. . I . Tissures
Conditions Conditions ! Weight, %
1 9 C, 4.86 % M. C. 43 C, 203% RH | -0.01 None
2 v p 66 C, 39.5% RH | 1.30 None
3 25 C, 1053 & M. C. 43 C, 51.5% RH -0.07 None
4 & ” 66 C, 60.8% RH -0.46 None
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25 C, 14.87 % M. C. 43 C, 79.4% RH -1.30 None

# o 66 C, 837% RH 1.50 None
” w 66 C, 83.7% RH -2.20 E None

* Sample calculations are shewn in Table 3.

Due to temperature meaeuring errors or/fand errors introduced in the estima-
ting process, the relative humidities of the heated air were not exactly as desired.
Therefore, some sample weights changed a little during the heating process. Ho-
wever, neither positive nor negative change in weight resulted in kernel fissures.
But, even with a small gain in weight, resulted in kernel-fissures. But, even with
a small gain in weight, which was not sufficient to cause the kernels to fissure,
the addition of the temperature gradient in the grain still did not cause kernel fai-
lure. The grain did not fissure because of the thermal gradient even when a small
moisture gradient was helping to produce fissures. Kernel fissres would occur if
the compressive stresses at the surface layers of the grain were such that the resu-
Iting tensile stresses at the center exceeded the strength of the central portion of
the grain. ‘

Table 3. Weighs records before and after heating

{

Sample 256 C 25 C 25 C 25 C 25 C 2 C 25 C

4,869 M.C.| 4.869 M.C. | 10.589%M.C. | 10.539%M.C. 14.87%1\/1.0{ 1487%M.C. ¢ 14.879%M.C,
50 Kernels | 50 Kernels | 50 Kernels | 25 Kernels | 256 Kernels | 25 Kernels | 25 Kernels

Hegtiir“g 43 C 66 C 43 C 66 C 43 C 66 C 66 C
203% RH |39.5% RH | 5159 RH | 6089 RH |79.49% RH | 83.795 RH | 83.7% RH

1nitial

gample (gt) | 0.7952 0.7835 0,8299 0.4175 0.4453 0.4505 0.4442

Weight .

Final

Sample (gr)| 07951 0.7940 0.8203 0.4156 0.4396 0.4574 0.4342

Weight

Gain of -0.01 13 ~0.07 -0.46 13 15 23

Welght (%) . » . k N . i + . .

If the above-mentioned compressive stresses were caused by surface expansion
of the grain due to the temperature gradient, how much temperature rise would be
necessary to cause a tensile failure at the center of the grain? Atora etal (1973) su-
ggested that a temperature difference larger than 43°C (110 F) between drying air
and rice kernels may result in serious cracking. Their calculation were based on
the following data:

Tensile strength: 117.84 kg/cm? at 12 % M. C. (wh)

Modulus of elasticity of rice kernel:

2.448x10* kg/cm? at 12 % M. C. (wb)

Coefficient of cubical thermal expansion of rice kernel:

2403x10°4/C at temperature << 53°C
3364x104/C at temperature > 53°C
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Rutture strain: 4.813x10-*cm/cm

Lee (1971) worked on_the mechanical properties of brown rice and found diffe-
rent values for ths modulus of elasticity. For example, he reported the following
for Bluebelle brown rice at 27°C and 11.7 percent moisture content:

Modulus of elasticity: 1337 kg/cm?

Tensile strength: ' 59.29 kg/cm?

Ultimate tensile strain: (wlithin the elastic rcnge) 4.4 x10~2cm/cm.

If Lee’s data for tensile strain are used with a coefficient of cubical thermal
expansion of 2403x107*/C, then the critical temperature difference which could
cause internal failure would be:

T=er/(ck/3)=4.4%x107?%/(2.403 x107%/3) =549°C
where:

ck is the coefficient of cubical thermal expansion

er is the tensile strain.

Hence, there should be little prospect for a rice kernel to fissure from a te-
mperature gradient alone in a normal drying operation. However, since the compo-
sition of the surface layer and that of the central poftions of a rice grain are so-
mewhat different (the former contains more protein and is more elastic, whereas
the latter contains mostly starch, which is less elastic), the use of an average mo-
dulus of elasticity for the above calculation may not be appropriate.

When a rice kernel is first submersed in refrigerant R-12 before it is submersed
in 66 C water, the grain is subjected to a temperature change of 96°C. Even with

this temperature change, the grains developed essentially no fissures, Table 4.

Table 4. Fissured brown rice grains observed after kernele were cooled
in liquid refrigerant-12 for the indicated time before Being
submersed in 66 C water for the time pericds shown

(Sample Size-25 Kernels)

T Liquid R-12
Water, T \\-\\(j e,c ) 10 20 30
86 C (sec) \'\\\
10 None None None
20 — None None
30 None None None
60 Noen None None

If the grains would be submerged in the 66°C water for an extended period of
time, they should fissure within several minutes. According to Desikachar and
Snbrahmanyan (1961), milled rice, when soaked in warm water, will start to fissure

with less than 2 minutes of submergence time.
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Conclusions

The experimental results indicate that brown rice grains, when subjected to air
temperature differentials ranging from 18 to 41°C without a substantial change
in moisture, did not fissure when the grains were initially conditioned t¢ moi-
sture contents of 4.86, 10.53 and 14.87 percent (wb) at a temperature of 25°C.
There is littie if any indication that temperature gradients as large 26°C in
brown rice will produce fissures in the grain
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