CEREAL QUALITY MEASUREMENT

X-Ray and Photomicrographic Examination of Rice
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X-ray techniques have been used successfully for the rapid examination of rough (unhulled)

rice for cracks, checks, insect damage, and immature seed.

Radiographic evidence of

cracks (or checks) in grains of rough rice was confirmed by photomicrographs of halves of the

same kernels.

kernels for study of the detail of the inner structure of the kernels.

Improved techniques were used in the preparation of thin sections of rice

Quality factors, such as

yields of head rice, color, stability to oxidation, and nutritive value, are related to the struc-
tural elements of the rice kernel that remain in the milled rice.

HE MONETARY RETURN that a rice

miller receives from a given lot of
rice depends on the yields of head rice
(whole kernels), second heads, screenings,
and brewer’s rice. The values per
pound of these products decrease in the
order named. Any breakage or weak-
ening of kernels that develops prior to or
during milling consequently assumes an
economic importance because of its
bearing on milling yields and monetary
return. Proper control of the handling,
drying, and processing operations is nec-
essary in order to minimize the degrada-
tion of the product through formation of
cracks and checks in the endosperm
(white, starchy part of the kernel).

The terminology used in the technical
literature to describe seed damage is
somewhat indefinite. In this paper,
“breakage’ signifies separation of a
kernel into two or more parts, even
though the parts remain enclosed within
an intact hull. The terms, “checking”
(used extensively in the rice industry),
“fissuring” (used most commonly in re-
gard to wheat damage), and ““cracking”
indicate the presence of cracks which
weaken kernels but do not extend en-
tirely through them.

In the rice field prior to harvesting the
seed suffers some damage which is com-
monly called sun-checking, even though
it is now believed (4) that this checking is
due to changes in the moisture content
of the seed and not to sunshine. Rough
treatment of the seeds during combining
adds to the damage. It has been esti-
mated (7) that about 5%, of the rice ar-
riving at rice mills is checked or broken
before it reaches the drying plant. Im-
proper methods of drying are one of the
most important causes of checks and
cracks. Cracks result from stresses in-
duced in the kernel by excessive moisture
gradients and possibly from thermal
changes.
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In spite of the economic significance
of checking and breakage of kernels,
there has been no adequate method for
measuring them. The only practical
test that has been adopted in the rice
industry for revealing checking and
breakage is the standard milling test (70),
in which 1 kg. of rice, dried to a moisture
content of about 129%, is hulled in a Mc-
Gill sheller and milled in a McGill mill
under controlled conditions. The yield
of head rice is determined and used in as-
sessing the value of the sample. This
test is of limited value in determining the
condition of rice in its early stages of
processing, because the rice must be dried
before testing and kernels may be dam-
aged during drying. This milling test
does not distinguish between kernels
broken within the hulls and checked
kernels that break during hulling or mill-
ing.

Kik (4) examined cracks in rice ker-
nels by placing them on the stage of a
stereoscopic microscope and observing
them by transmitted light. Such ex-
amination of carefully hulled kernels
gives some indication of the condition of
the kernels, but it is too time-consuming
to permit adequate sampling of a lot.

X-Ray Examination of Grains

lX-ray techniques were applied by
Milner, Lee, and Katz (6) to the de-
termination of insect infestation iIn
wheat and other grains. These tech-
niques have been improved and are now
used routinely for detection and measure-
ment of internal infestation of grains.
Research studies have indicated that
there is a correlation between the amount
of insect infestation shown by x-ray tests
and that shown by the cracking-flotation
method (2), which is used by numerous
control laboratories.

Milner and coworkers (5, &) have
demonstrated the usefulness of the radio-
graphic technique for the detection of
other physical anomalies in grains.
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Practical application of this sort included
the detection of cracks or broken kernels
in rough rice (unhulled) prior to milling
as well as the internal fissuring of certain
grains such as maize due to uneven
stresses arising from severe drying condi-
tions. Utility of the technique was illus-
trated with cuts made from the original
radiographs.

Milner and Shellenberger (7) found
radiological evidence of the existence of
internal fissures in weathered wheat.
They also found that rewetting dry wheat
and then redrying it sometimes caused
reductions in both the density of the
wheat and the power required for grind-
ing it. Both of the latter changes cor-
related with radiographic evidence of
fissuring.

A knowledge of the structure of a rice
kernel would appear to be basic to an
understanding of the factors which con-
tribute to breakage, checking, and im-
pairment of cooking quality. Too little
is known about the internal fine structure
of normal rice kernels and, except for the
work of Milner ¢f al. (5, 8 and more
recently that of Henderson (3), no reports
including photomicrographs have been
published that contribute to an under-
standing of the conditions present in
damaged (checked) rice kernels.

There exists the possibility that x-ray
and photomicrographic methods can
lead to a better knowledge of the damage
that occurs in rice kernels at every stage
in their handling and processing. Ac-
cordingly, a cooperative program for this
type of study on rice was established.
The work was planned so that both x-ray
and photomicrographic measurements
were made on the same selected grains
of rice. The x-ray work was done by
personnel of the Southern Utilization
Research Laboratory and the sectioning
and photomicrographic studies were
made at the Northern Utilization Re-
search Branch. Use of the latest re-
finements in seed sectioning made it
possible to obtain photomicrographs
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vealed by x-ray and photomicrographic
techniques, is related to yields of head
rice, color, stability to oxidation, and
nutritive value.
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Determination of Moisture in Chocolate
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RAPID, precise, and accurate
method was needed for determining
moisture in chocolate. Oven-drying
methods require too much elapsed time,
and distillation methods are not satisfac-
tory at moisture levels normally en-
countered in chocolate. Therefore, the
the Karl Fischer titration was investi-
gated.

Kentie and Barreveld concluded that
Karl Fischer titration is the fastest and
best method for following water content
during processing (7), but presented no
data on its accuracy.

The Karl Fischer reagent used in this
laboratory is that suggested by Seaman
et al. (3). The conventional Fischer
reagent is split into two parts: Reagent
A containing methanol, sulfur dioxide,
and pyridine, and Reagent B containing
iodine and methanol. Sodium tartrate
dihydrate is used to standardize the
reagent (2). In the work reported, both
the Fisher Titrimeter and the Beckman
Aquameter were used for the titration.

Water is extracted from the chocolate

sample by heating with methanol just to
boiling, cooling, adding Reagent A, and
after 10 minutes titrating with Reagent
B. When samples were extracted at
room temperature with methanol or
Reagent A, the values were low. A
longer boiling time did not increase the
amount of water extracted.

To show that added water could be
recovered, several experiments were per-
formed in which water was added to
chocolate and determined by Karl
Fischer titration. Some difficulty was
encountered in quantitatively adding
water to the chocolate. Melting the
chocolate at 70° C., so that the water
might be beaten into it, caused the loss of
some water, even in a closed (though not
hermetically sealed) system. However,
gravimetric determinations before and
after addition of water gave a good meas-
ure of the amount of water actually re-
tained in the sample.

Five experiments using the gravimetric
measure of water added showed that the
recovery ranged from 90 to 1179 of the

Table I.

H:O in Original, Found Grav.,

Expt. o %
A 0.98 +0.33
+0.76
B 0.65 +0.43
+0.80
C 0.82 +0.40
+0.86
D 0.52 +0.37
—+1.18
E 0.60 +0.41
+0.94

Recovery of Added Moisture in Chocolate
Change in H,O

Recovery Based

Total H:0, % on Total H,O in

Caled.® Found K.F. Sample, %
1.31 1.40 107
1.74 2.04 117
1.08 1.00 93
1.45 1.31 90
1.22 1.22 100
1.68 1.71 102
0.89 0.91 102
1.70 1.68 99
1.01 1.02 101
1.54 1.53 99

¢ Calculated from original H.O content by Karl Fischer and gravimetric change. All
values are duplicate determinations obtained 1 day after moisture addition.
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total water present in the sample, when
the sample was analyzed on the same
day as prepared or the day following
(Table I). The standard deviation for a
single determination, calculated from the
duplicate determinations represented in
Table 1, is +=49 of the moisture value,

Proper sampling of chocolate is also a
consideration in determining moisture.
One experiment showed a moisture
gradient as follows in a bar 1 inch thick,
but additional data are needed to estab-
lish the normal moisture gradient in bar
chocolate.

Water, %
Skin, !/ inch thick 1.13
Inner layer, '/ inch down 0.55
Center !/, inch 0.62

In order to eliminate the effect of
surface moisture, it is advisable to re-
move the outer skin and chip the re-
mainder of the bar to get a homogeneous
sample. The best method of obtaining a
representative sample is to melt the
sample in an oven at 50° C., stir, and
then sample, but this takes longer than
shaving and chipping. No moisture was
lost after several hours at 30° C. in a
closed container.

As the results found in two laboratories
in different sections of the country were
in agreement, no correction for the effect
of humidity seems necessary.
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