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Changes in Quality Characteristics of
Brown Rice During Storage
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Abstract

The guality changes of brown rice during storage were determined by the method of
guantitative analysis of n-hexanal, amylogram, texture and volume expansion. The gualities of
stored brown rice were also analyzed with sensory evaluation of cooked milled rice obtained
from brown rice. n-Hexanal content, peak viscosity and total setback of brown rice flour pastes
increased substantiaily with the increase of storage period at 35°C. Up to 10 months of storage
at 35°C, stale flaver obtained by a semsory method markedly increased, but stickiness
decreased. The scores of overail preference were in good agreement with those of stale flavor
(r=—0.98) and sticky texture (r=0.88). The correlation coefficient between stale flavor
obtained by a sensory method and instrumental analysis of n-hexanal for stored brown rice was

r=0.97.
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INTRODUCTION

Rice has been stored as paddy in Korea. Recently,
the rapid increase of the amount of stored paddy
rice caused storage problems in several regions
because of the lack of warehouse™® . The storage of
brown rice, which is effective in reducing the
volume of stored rice, was indicated to solve the
lack of warehouses®. Thus, for the effective quality
control of stored brown rice in Korean weather
conditions, the detailed studies on the quality
characteristics of stored brown rice were needed.
Studies on the guality characteristics of rice during
storage have been carried out by several resea-
rchers™® . Shin et al** . conducted a series of tests
to develop a rapid and simple gas chroma-tographic
method for determining n-hexanal, ocne of the main
off-flavors, and to confirm the correlation between
the oxidative deterioration of unsaturated lipids
and the production of n-hexanal during storage of

f To whom all correspondence shoulid be addressed

brown rice. Shin et al® . also reported the effects of
amylase activity on changes in amylogram cha-
racteristics during storage of brown rice. But very
little work has been done on the quality properties
of brown rice during storage in Korea.

This study was undertaken to investigate the
changes in the quality characteristics of brown rice
during storage, and to compare their changes with
sensory evaluation of cooked milled rice obtained
from stored brown rice,

MATERIALS AND METHODS

Materials

Tongil brown rice (Samgangbyeo variety) was
obtained by dehulling with a Satake dehuller
(Satzke Co., Japan). The brown rice was packed in
polyethylene film bags and stored at 5C and 357
for 20 months. n-Hexanal of analytical standard
grade was purchased from Poly Sciences (Warr-

ington, PA).
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Analysis of n-hexanal

8g of brown rice were soaked in 125ml distilled
water maintained at 25¢ for 30 min in a 250ml
two-necked round bottom flask fitted with a 50 ml
Liebig condenser and rubber septum. The flask
was then dipped into water bath and the rice in the
flask cocked at 98C for 40 min. 2m! of headspace
vapor were removed with a bml gas tight Hamilton
syringe inserted through the rubber septum into
the headspace vapor over the cooked brown rice
and injected immediately into a gas chromatograph
(Hewlett-Packard Model 5840). Amounts of n-
hexanal in headspace vapors were determined by
the method of Shin et al* .

Amylogram characteristics

The brown rice was milled to flour by passing
through a 100 mesh sieve, and pasting properties
of brown rice flours were measured with a Bra-
bender Visco-Amylograph'® . 40g (dry basis) of
brown rice flour and 410ml of distilled water were
well mixed and heated from 257 to 95, held at
95 for 60 min, and coocled to 507. Peak viscosity
was the maximum viscosity during heating.
Breakdown was peak viscosity minus final visco-
sity on cooking at 95%. Total setback was viscosity
on cooling to 50C minus final viscosity at 95¢.

Texture characteristics of cooked

milled rice

Milled rice samples were obtained by pelishing
the brown rice by 8% (w /w) with a Satake milling
machine (Satake Co., Japan). 20g of milled rice
were put in a brass vessel (60 mm inner diameter
x 30mm height) . The milled rice was cocked in the
oil bath at 1007 for 30 min after the scaking for
30min with 30ml of distilled water at 25 ¢, and
the vessel was cooled in ice water for ! min.
Hardness and stickiness of cooked rice were mea-
sured immediately by the texturometer {(General
Foods Co., U.8.A.) with the bulk of cooked rice*” .
The operation conditions of texturometer were as
follows : plunger, lucite 18mm ; platform, 80mm X
30mm brass vessel ; voltage, 1.5V ; attenuator, 1.0
;elearance, 0.25mm ; bite speed, high ; ¢chart
speed, 750mm /min.

Volume expansion of cooked brown rice

4g of brown rice and 8ml of distilled water were
placed inn a 30ml graduated test tube. The contents
were stirred briefly with a wire to dislodge air
bubbles and the tube was plugged with cotton and
capped with a piece of paper. Several of these tubes
were placed in a stand which was steamed at 0
psig in an autoclave for 456 min. Volume expansion
was expressed as the difference between the final
volume of cooked brown rice and the initial volume
of brown rice plus water'® .

Sensory evaluation of cooked milled rice

200g of milled rice were placed in a beaker,
washed and soaked in tab water for 1 hour at 257.
The bulk of the water was removed by straining
through a sieve. The rice was then transferred to
an automatic electric rice cooker and water was
added 1.2 times by weight of rice before hydration.
After 10 min of cooking, sensory evaluation was
carried out by a trained pane] of ten members. A
hedonic seale of 1 to 10 was used for the evaluation
of cooked rice qualities of odor, flavor, texture,
appearance and overall preference™ . In determin-
ing the order of testing the samples, randomized
block designs were used and three repiications
were made on each test for each sample |

RESULTS AND DISCUSSION

Instrumental evaluation

Results of the instrumental analysis of quality
characteristics of brown rice during storage are
given in Table 1. n-Hexanal content in headspace
vapor was greater at 35 for 20 months storage
than 5¢ for 20 months. Furthermore, then n-
hexanal content increased in proportion to the
storage period at 35 but slightly changed affer 10
months of storage at 85°C. Brown rice stored at 35
Cfor 20 months exhibited a higher viscosity than
that stored at 5C for 20 months. Peak viscosity
and total setback of brown rice flour pastes also
increased substantially with the increase of storage
period at 35%, but breakdown did not show sig-
nificant changes during the same storage period.
Shin et al¥. suggested that the decrease in the
amylase activity present in the brown rice during
storage causes the increase in the amylogram peak
viscosity of brown rice flour during the same
storage period. Storage temper-ature and period
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Table 1. Instrumental analysis of quality characteristics of brown rice during storage

St dits n-Hexanal® B Amylogram viscosity (B.U.) Volume
rage condition e A " A " .

. content Pozk Total Hardness Stickiness expansion

of brown rice ea Brealkd
(mg) viscosity reakcown ___ setback (D)

20 moths at5C 01450012 700+20 250410 48020 1.53+0.16 0.15£0.02 1.6x0.2
5months at 35°C . 0.238+0,017  850x10 280+20 610+20 163010 0.1110.02 1.9+0.3
foliowed by
15 months at5¢
10 months at 35¢ | 0.364+0.021 890+30 270430 690+10 1.80+0.14  0.07+0.01 3.2+0.2
followed by
10 menths at 5C
15monthsat 35 | 0.387+0.027 910430 280+ 20 720+30 1.75+0.20 0.07+0.02 3.1+04
followed by
5months at 5¢
Wmenths at 35 | 0.3839+£0.025 92040 31030 810+20 185012  0.06::0.01 3.8+0.3

“n-Hexanal content in 2ml headspace vapor.
¥ Textural characteristics of milled rice.
@ Mean + SD based on 3 samples.

Table 2. Sensory gualities of cooked milled rice ebtained from brown rice stored in different conditions

" Odor Flavor Texture Appearance Qverall
Storage condition Roasted TRoasted Whit Pl prefer-
f brown ric as i e- Plump- i
of brown rice nubty Stale nutty Stale Sweety Watery Sticky Gloss ness e ence
20 months at 5¢ | 7.0 2.5 6.3 2.2n 6.0 6.2 7.8 8.7 8.3 T4 8.3

5 months at 35¢ § 5.0 4.0 4.6° amr 4.0v 3.9° 4.5° 4.5 6.0 5.0 5.5°
foliowed by ‘
15 months at 5¢ J

10 months at 35¢! 4.8% 5.6° 4.5 4.5¢ 3.7 3.3 3.4° 4.2 5.8 5.00 3.9
followed by
10 months at 5¢

15 months at 357 | 4.8 5.8 420 5.0¢ 3.8" 3.2 2.% 3.4 5.2 48" 3.8
followed by
10 months at 57

20 months at 35| 4.4 5.4° 3.7 5.1+ 4.2 2.3 2.7 3. 5.6° 4.7 3.3

F-value i3.06“* 1.63*  3.T4*** 2776*** 3.84%*r  374Mt T8N T30%Fr 4.50%r 4.778%r 7RG

1)} Each mean consisted of 30 judgements with 10 panelists. Mean within celumns followed by the same letter are not
significantly different af the 5% level using Duncan's Multiple Range Test.

2) F-value was calculated by analysis of variance.

3 * : p<0.05, ** 1 p<0.01, *** : p<0.005.

affected texturometer values of hardness and hardness did not show significant changes. Volume
stickiness of cooked milled rice obtained from expansion of cooked brown rice stored at 357 for 5
stored breown rice. With the increase of storage months followed by at 5 for 15 months was grea-

period at 35, stickiness gradually decreased, but ter than that of the sample stored at 5¢ for 20
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months. But volume expansion of samples did not
change after 5 months of storage at 35¢.

Sensory evaluation

Results of the sensory evaluation of cooked milled
rice, obtained from brown rice stored at different
condition, are given in Table 2. Variation in odor,
flavor, texture and appearance were noted among
brown rice stored at different temperatures. The
lots of rice stored at 357 for 20 months tended to
be more stale in flavor than the sample stored at &
T for 20 months. Yasumatsu et al™ . reported that
alkanals formed by the autooxidations of free un-
saturated fatty acid during storage caused the off-
flavor of old rice after cooking,

On the other hand, cooked milled rice obtained
from brown rice stored at 35¢ showed a lower
value in whiteness than that of the brown rice stor-
ed at 5%. This result is also in good agreement
with the results of Pelshenke™ in that milled rice
stored at 2 and 207 undergoes very little chan-
ge, but all types develop a marked yellow color at
357. In the meantime, as the storage period at 35
‘¢ increased, the stickiness and overall prefer-ence
scores of cooked milled rice markedly decreased
until 10 months of storage. But their values did not
significantly change after 10 months of storage at
357, The scores of overall preference were in good
agreement with those of stale flavor (r=—0.98)
and sticky texture(r=0.98). These results mean
that the samples which showed high overall
preference were sticky with less stale flavor, and
are also in good agreement with the results of Kim
et al™® .

The correlation coefficient between stale flavor
obtained by a sensory method and instrumental
analysis of n-hexanal for stored brown rice is r=0.
97. These results show that the analytical method
of n-hexanal in headspace vapor over cooked brown
rice by direet vapor injection gas chromatographic
method can be partly used to measure the stale
flavor of stored brown rice.
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