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Abstract

Lipid- and fatty acid compositions of the long time-stored and freshly harvested brown rices (some varieties
of Japonica) were examined to elucidate some features of deterioration of their qualities during storage at
low temperature for a long time.

A feature of lipid-compositional pattern in the brown rices stored at 10°C for a long time was the decrease
in contents of neutral lipid-, phospholipid- and non-saponified lipid fractions, and the increase in contents of
glycolipid- and free fatty acid fractions.

Some features of compositional patterns of major fatty acids of the lipid fractions obtained from the long
time-stored brown rices were explained as follows; 1) the increase in content of palmitic acid in every lipid
fractions and the decrease in content of linoeic plus linolenic acids in the lipid fractions except phospholipid
fraction. 2) the increase in oleic acid content of glycolipid- and free fatty acid fractions and the decrease in
its content of phospholipid fraction. 3) the increase of two unknown components (U-1 and U-2) and the
decrease of an unknown component (U-3) among three unknown components detected only in glycolipid

fraction.

Introduction

A sensory quality of rice deteriorates
gradually during its storage. A characteristic
of the deteriorated rice is mainly represented
by production of off-flavor and deterioration
of sensory texture. It is generally recognized
that the phenomena would originate from
lipid deterioration of the stored rice. Studies
on the lipid deterioration or the production of
off-flavor during storage of rice under various
conditions have been carried out by several
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investigators!~®) At present, most of rices

produced in Japan are stored as brown rice under
reasonable conditions (at low temperature of
10°C to 15°C, holding the relative humidity of
70 to 80%). However, a feature of lipid deterio-
ration during long time-storage under this condi-
tion has not been examined so far in detail.

In this paper, distributions of neutral lipid-,
glycolipid-, phospholipid- and free fatty acid
fractions and the compositional patterns of
major fatty acids in their fractions are examined
on the long time-stored and the freshly harvested
brown rices to elucidate some features of deterio-
ration of their qualities.
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Materials and Methods

Materials. Four varieties of Japonica brown
rices (Oryza sativa L. cv. Ishikari, Shiokari,
Sasanishiki and Nipponbare) were used in this
experiment. The rice samples were harvested in
autumn 1972 and 1985 in four localities
Hokkaido, Miyagi, Okayama and Kumamoto).
Immediately after being received at Kobe Uni-
versity, rice samples were stored in stoppred
plastic bottles, which placed in a closed alminium
container. The container was then kept in the
laboratory holding a temperature of 10°C and
a relative humidity of about 70% until rice
samples were analyzed. Brown rices “Ishikari”
and “Shiokari” were kindly supplied by the
Hokkaido Food’s Office, “Sasanishiki” by the
Miyagi Food’s Office, and “Nipponbare” by the
Okayama- and Kumamoto Food’s Offices.

Extraction of total lipid. The pulverized
brown rice (100 g) was extracted with 4 vol. of
chloroform-methanol (2 : 1 v/v) and five times
with 4 vol. of water-saturated butanol at 25°C
for 3 hr.) Non-lipid fraction of the extract was
removed by Folch’s method® The non-lipid
freed extract (chloroform solution) was dried
over anhydrous sodium sulfate, evaporated to
dryness under reduced pressure and sufficiently
dried over phosphorus pentaoxide in a desiccator
in a vacuo till constant weight.

Fractionation of total lipid. Total lipid
obtained above was fractionated to neutral lipid-,
glycolipid- and phospholipid fractions by silica
gel (Mallinckrot’s product for chromatography)
chromatography using chloroform, acetone and
methanol as eluents?’ Non-saponified lipid frac-
tion of total lipid was determined by micro
method!®  Free fatty acid fraction of total
lipid was obtained by Mattik’s extraction
method!?

Analysis of fatty acid composition. Each lipid
fraction (ca 10 mg) was dissolved in 1 m of 5%
hydrogen chloride-methanol and heated at 100°C
for 3 hr. in a sealed tube. After cooling, 0.5 mg

of deionized water was added to the reaction
mixture and the produced methyl esters of fatty
acids were extracted four times with 1 m{ of
petroleum ether. The combined extract was
washed with 3 m® of deionized water and dried
over anhydrous sodium sulfate. Methylation of
free fatty acid fraction was accomplished by the
freshly prepared diazomethan. The methyl
ester solutions were analyzed by gas liquid
chromagraphy using a fused silica capillary
column (silicon OV-1 Shimazu CBP 1-8 25—50)
and FID as detector. The chromatograph was a
Shimazu GC—9A type gas chromatograph
combined with Shimazu C—R 3 integrator,
and was operated according to the following
conditions: column temperature 200—300°C,
program rate 2°C/min., injection and detector
temperatures 310°C, and flow rate of carrier gas
(nitrogen) 50m%/min.  The peaks on gas
chromatograms were confirmed by gas
chromatography-mass spectrometry (GC—MS).
GC—MS analysis was performed with a Hitachi
Model RMU-6MG gas chromatograph-mass
spectrometer using an all glass jet separator as the
GC—MS analysis was performed with a Hitachi
Model RMU—6MG gas chromatograph-mass
was operated under the following conditions:
ionizing electron energy of 20 eV, ion accelerat-
ing voltage of 3.2kV, total emission of 100uA,
and ion source temperature of 180°C.

Results and Discussion

Some features of lipid composition of the
long time-stored brown rice. Recently, Shin et
al® reported that the total lipid contents of
brown rice did not decreased at 5°C during 12
months storage, but contents of neutral lipid-,
glycolipid- and phospolipid fractions significantly
decreased and alone content of free fatty acid
fraction intensively increased. The results shown
in Table 1 suggested that the total lipid content
in brown rice hardly gave significant difference
between the fresh and the 13 years-stored
brown rices or among their varieties. However,
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difference in content of each lipid fraction
between the long time-stored and the fresh
brown rices gave the very different interpre-
tation from the results on changes in their
lipid fractions during 12 months storage made
by Shin et al®: contents of glycolipid- and
free fatty acid fractions have increased signifi-
cantly with the decrease in contents of neutral
lipid-, phospholipid- and non-saponified lipid
fractions as shown in Table 1. Yasumatsu et
al® and Morita'? already published that free
fatty acid content greatly increased during
storage of rice. The results obtained on changes
in lipid components during storage of rice grain
by Matsuda and Hirayama® showed that
lysolecithin and lysophosphatidyl ethanolamine
of polar lipid components increased significantly.
However, there was hitherto no report on the
increase of glycolipid fraction of rice during
storage at low temperature for a long time. As
to molecular species of rice glycolipid fraction,
five glyceroglycolipids, eight glycosylceramides
and six glycosylsterols have been isolated and
identified by Fujino et al'®) Molecular species of
glycolipid fraction increasing during storage of
rice for a long time remains to be elucidated in
future.

Compositional patterns of fatty acids of
total lipid fractions of the fresh and the long
time-stored brown rices. The compositional
pattern of fatty acids of total lipid fraction in
brown rice has been examined in relation to rice
quality, the daily mean temperature during
rice-ripening and the fatty acid composition in
rice-total lipid4 difference in fatty acid com-
position among rice varieties'® and changes in
their compositional patterns during storage!™®)
The fatty acid compositions of the fresh brown
rices grown in Japan were examined by Taira
et al’ The results are suggested as follows:
myristic acid (0.2—0.4%), palmitic acid (16.5—
18.1%), palmitoleic acid (0.2—0.5%), stearic
acid (1.6—2.3%), oleic acid (36.6—43.0%),
linoleic acid (35.7-39.2%) and linolenic acid
(1.4-2.1%). The contents of fatty acids of the
fresh rices in Table 2 were similar to the above
values respectively, except myristic and
palmitoleic acids. As to the fatty acid composi-
tions in the fresh rices of different varieties,
there was highly negative correlation between
contents of oleic and linoleic acids as described
by Taira et al'® In the different varieties of the
long time-stored brown rices, however, there was
no correlation between their contents. The

Table 1 Distributions of neutral lipid-, glycolipid- and phospholipid-
fractions obtained from the 13 years-stored and the fresh brown rices.

Rice-producing Total lipid Lipid fraction (%)/total lipid
district ) % of rice
Storage period NL-fraction GL-fraction PL-fraction FFA NSL
(Variety
Hokkaido
13 years (Ishikari) 2.93 79.2 (73.2) 10.8 .0 4.5 1.5
fresh (Shiokari) 3.00 82.4 (78.4) 3.5 14.1 2.2 1.8
Miyagi
13 years (Sasanishiki) 3.13 84.1 (79.4) 7.9 8.0 4.3 0.4
fresh (Sasanishiki) 3.44 87.6 (84.4) 3.0 9.4 1.9 1.3
Okayama
13 years (Nipponbare) 3.16 79.7 (74.8) 10.4 9.9 4.5 0.4
fresh (Nipponbare) 3.36 81.1 (77.4) 6.5 12.4 2.1 1.6
Kumamoto
13 years (Nipponbare) 3.19 81.2 (76.1) 7.2 9.6 4.4 0.7
fresh (Nipponbare) 2.90 87.4 (83.5) 2.3 12.3 2.0 1.9

NL: neutral lipid, GL: glycolipid, PL: phospholipid, FFA: free fatty acid,
NSL: non-saponified lipid Parenthesized value = NL-fraction — (FFA + NSL)
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Table 2 Compositional ratios of major fatty acids of the total lipids
obtained from the 13 years-stored and the fresh brown rices.

Rice-producing
district

Fatty acid composition (%)

i eriod Cia:0  Cie:0  Cier Cigo Cigi1l Cig:a+Cis:3
Hokkaido
13 years (Ishikari) 0. 67 24. 40 0.20 1.73 39. 35 31.55
fresh (Shiokari) 0.71 20. 38 0.19 1. 68 37. 66 37.74
Miyagi
13 years (Sasanishiki) 0.75 25.91 0.21 1.62 39. 39 30. 30
fresh (Sasanishiki) 0.63 22.217 0.20 1.60 40. 65 33.74
Okayama
13 years (Nipponbare) 0.80 25.93 0.16 1.75 36. 74 33.14
fresh (Nipponbare) 0.76 21.54 0.21 1.59 38.21 36. 41
Kumamoto
13 years (Nipponbare) 0.76 23.34 0.22 1.66 37.73 34.35
fresh (Nipponbare) 0.70 20. 92 0. 20 1.50 35. 39 40. 07

increase of palmitic acid content and the
decrease in content of linoleic plus linolenic
acids were demonstrated as a feature of the
compositional pattern of fatty acids in total
lipid obtained from the long time-stored brown
rices.

A feature of the compositional pattern of
fatty acids of neutral lipid- and free fatty acid
fractions obtained from the long time-stored
brown rices. The decrease of neutral lipid
content and the increase of free fatty acid
content are probably significant at the primary
stage of lipid-deterioration of brown rice during
storage. Morita'® reported on the difference

between the rice stored at 4°C for 6 months
and the fresh rice as follows: the increase of
contents of oleic, linoleic and linolenic acids of
free fatty acid fraction during 6 months. In the
brown rices stored at 10°C for 13 years, the
decrease in contents of palmitic, stearic and oleic
acids of free fatty acid fraction was characteric
as seen in Table 3. However, the increase in oleic
acid content of neutral lipid fraction with the
long time-storage was not recognized as shown
in Table 4. According to Matsuda and Hira-
yama?) lipase activity of the brown rice highly
decreased to the low activity value of 1/4 of the
initial value during 2 years storage. This suggests

Table 3 Compositional ratios of major free fatty acids of the 13 years-stored and the fresh brown rices.

Rice-producing

Fatty acid composition (%)/free fatty acid

district od
iAok S Ci40 Ci0  Ciex Cigo  Ciga Cig:2+Cisis
Hokkaido
13 years (Ishikari) 1.05 25. 81 0.27 1.76 25.84 35.85
fresh (Shiokari) 1.21 22. 40 0.28 1.49 22.87 46.53
Miyagi
13 years (Sasanishiki) 1.27 31. 48 0. 34 1.68 26. 86 33.98
fresh (Sasanishiki) 1.28 23.65 0.29 1.47 26. 04 41.97
Okayama
13 years (Nipponbare) 1.34 28.53 0.30 1.75 24.31 37.02
fresh (Nipponbare) 1.74 24.90 0.27 1.23 23.16 43.20
Kumamoto
13 years (Nipponbare) 1.40 29.85 0.36 1.54 25. 51 34.59
fresh (Nipponbare) 1.32 23.30 0.26 1.32 21. 00 48. 00
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Table 4 Compositional ratios of major fatty acids of the neutral lipid

fractions obtained from the 13 years-stored and the fresh brown rices
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Rice-producing

Fatty acid composition (%)

district iod
?\tf;’ri‘ify oo C14:0 Ci6:0 C16:1 C18:0 Cig:1 Ci18:2+C18:3
Hokkaido
13 years (Ishikari) 0.53 24.54 0.25 .64 39.58 31.14
fresh (Shiokari) 0.57 21. 45 0.27 .58 37.17 37.68
Miyagi
13 years (Sasanishiki) 0.59 25.85 0.29 .57 39.70 30. 64
fresh (Sasanishiki) 0.48 20. 39 0.26 .56 39.84 36.18
Okayama
13 years (Nipponbare) 0.64 27. 30 0.27 .59 36. 04 32.18
fresh (Nipponbare) 0.49 19. 48 0.25 .55 38. 81 38.11
Kumamoto
13 years (Nipponbare) 0.62 25. 77 0.28 .54 36. 98 33.16
fresh (Nipponbare) 0. 46 20.13 0.23 .43 35. 65 40. 89

a possibility that there is a correlation between
fatty acid composition of the neutral lipid
fraction and the compositional pattern of free
fatty acids only at the primary stage during
storage of brown rice. In longer time-stored
brown rices, it is assumed that there is a relation-
ship between the increase of oleic acid content of
free fatty acid fraction and the decrease of
oleic acid content of phospholipid fraction
(Table 6).

A feature of the compositional pattern of
fatty acids of glycolipid fraction obtained from
the long time-stored brown rices. Gas chromato-
graphic patterns of fatty acid methyl esters

obtained from glycolipid- and neutral lipid frac-
tions are shown in Fig. 1 and Fig. 2. In the
glycolipid fraction, some unknown peaks were
detected in shorter retention time than that of
methyl myristate. Unknown peaks 1 (U-1),
2 (U-2) and 3 (U-3) were not detected in the
other lipid fractions.

The content ratios of major fatty acids of the
glycolipid fraction obtained from the 13 years-
stored and the fresh brown rices are shown in
Table 5. In the 13 years-stored brown rices,
contents of U—1, U-2 and oleic acid greatly
increased. On the contrary, contents of U-3 and
linoleic plus linolenic acids decreased. As to the

Table S Compositional ratios of major fatty acids of the glycolipid
fractions obtained from the 13 years-stored and the fresh brown rices.

Rice-producing

Fatty acid composition (%)

district q
(S{,‘;’,i‘gfy eno U-1 U2 U3 Cig0 Cieo Cie:1 Cis:0 Cis:l Clggl‘gﬁ
Hokkaido L
13 years (Ishikari) 598 13.85 4.71 1.01 2540 0.26 1.79 17.13 13.16
fresh (Shiokari) — 0.57 9.98 1.98 31.41 0.57 2.05 13.51 20.98
Miyagi S
13 years (Sasanishiki) 3.87 10.88 2.78 2.65 27.24 0.68 1.87 21.32 17.19
fresh (Sasanishiki) — 1.29 9.48 1.64 26.25 0.58 1.87 16.86 21.92
Okayama
13 years (Nipponbare) 3.97 11.07 5.18 1.27 29.26 0.31 1.8 17.54 15.07
fresh (Nipponbare) — 0.48 8.46 1.90 27.61 0.59 2.05 1527 22.48
Kumamoto
13 years (Nipponbare) 3.80 11.56 5.24 1.11 26.78 0.40 2.00 17.69 14.95
fresh (Nipponbare) - 0.35 806 1.72 28.50 0.58 2.07 17.23 24.85
U-1: unknown fatty acid 1, U-2: unknown fatty acid 2, U-3: unknown fatty acid 3
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Fig. 1 Gas chromatograms of fatty acids in
neutral lipid fraction obtained from the
brown rices.
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Fig. 2 Gas chromatograms of fatty acids in
glycolipid fraction obtained from the
brown rices.

increase of oleic acid content and the decrease

of linoleic acid content in the glycolipid fraction

during storage of brown rice, Shin et al® already
reported, but there was no report on the increase

of U—~1 and U-2 and the decrease of U-3

during their storage at low temperature. Mass

spectra of their unknown components are
shown in Fig. 3. Their components could
not be identified by mass spectra alone, and it
is expected that their compounds would be novel

components in rice glycolipid fraction.

A feature of fatty acid composition of
phospholipid fraction obtained from the long
time-stored brown rices. The major fatty acid
compositions of phospholipid fraction obtained
from the 13 years-stored and the fresh brown
rices are shown in Table 6. In the fresh rices,
content ratios of fatty acids of the phospholipid
fraction were in ascending order of palmitic,
linoleic plus linolenic, oleic, myristic and stearic
acids. Their content ratios were hardly different
among the varieties of the fresh rices. Main
molecular species of glycerophospholipids in
rice, rice lecithin (1—palmitoyl—2—linoleoyl —3—
cholinephosphoryl—sn—glycerol) and  rice
cephalin  (1—palmitoyl—2—oleoyl -3 —amino-
ethylphosphoryl —sn—glycerol), were already
isolated by Fujino et al!®) That palmitic acid
was most abundant in the phospholipid fraction
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=
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Fig. 3 Mass spectra of unknown peaks U-1,
U-2 and U-3 detected in methanolyzate
of the glycolipid fraction obtained from
browh rice (Japonica).
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Table 6 Compositional ratios of major fatty acids of the phospholipid _
fractions obtained from the 13 years-stored and the fresh brown rices.
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Rice-producing

Fatty acid compositin (%)

district ]
(S\t/(:lrr?gtey eriod C14:0 C16:0 Ci6:1 C18:0 Cig:1 Cis:2tCig:3
Hokkaido
13 years (Ishikari) 4.09 47.97 0.24 1.51 11. 51 32.93
fresh (Shiokari) 4. 51 41.79 0.23 1. 16 18.04 33.08
Miyagi
13 years (Sasanishiki) 4.17 48. 07 0.25 1.23 13.56 31.15
fresh (Sasanishiki) 4. 00 40. 05 0.27 0. 81 19.80 31. 00
Okayama
13 years (Nipponbare) 4.61 49. 61 0.21 1.32 10.80 32.33
fresh (Nipponbare) 4.10 41. 51 0.24 1.11 20. 00 32.05
Kumamoto
13 years (Nipponbare) 4.82 49. 39 0.22 1.27 11.63 31.50
fresh (Nipponbare) 4.63 42. 46 0.25 1.16 18.87 31. 30

could be estimated from the structures of their
rice glycerophospholipids. Comparison of the
13 years-stored brown rices with the fresh brown
rices showed the tendency slightly different from
the change patterns in fatty acid compositions
of the other lipid fraction during storage for a
long time: in the 13 years-stored brown rices, the
decrease of oleic and linoleic plus linolenic acids,
and the increase of palmitic and stearic acids
were recognized in Table 6. The results were
considerably different from the change pattern
in fatty acid composition of phospholipid
fraction in brown rice during the shorter time-
storage described by Shin ez al®).
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