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Abstract

Raw adlay powder (RAP) and processed adlay powder (PAP) were prepared and the changes
of fatty acid compositions of lipids in RAP and PAP during storage at 5°C and 35 °C for six mon-
ths were studied. The major fatty acids found in the adlay lipids were oleic acid (28-45%), linoleic
acid (38-50%) and palmitic acid (14-18%). Throughout the storage period, the concentrations of
linoleic acid were decreased in samples stored at 35°C, but those of oleic acid and palmitic acid
were relatively increased according to the oxidation proceeded. However, the concentrations of
these fatty acids were hardly changed in samples stored at 5°C. These changes were especially
more notable in the lipids from RAP than those {rom PAP during storage. Little difference in fat-
ty acid composition was noted between neutral lipids and triglycerides in the samples.

Key words: adlay lipid, fatty acid composition of cereal lipid, processing and storage effect of

cereal lipid

Introduction

Adlay (Coix Lachryma-jobi Linne var. Mayuen
(Roman) Stapf) belonged to Graminaceae was us-
ed for food and medicine and its powder is recent-
ly used as adlay tea. The lipid content of adlay
represents a small fraction, but this lipid un-
doubtedly plays an important functional role in
their products during processing and storage'’.
One of the major chemical reactions that take
place during processing and storage is lipid dete-
rioration caused by lipid oxidation® .

During the storage of milled rice, the fatty acid
compositions of total lipid did not change, but
those of the free fatty acid fraction changed sig-
nificantlym. At present, very little is known about
the nature of fatty acid composition of the lipids in
adlay during processing and storage. This study
was performed to investigate the detailed changes
of fatty acid composition in adlay lipids by the con-
ditions of processing and storage. In this paper
continuing previous paper, the changes of fatty
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acid composition in RAP and PAP stored at 5°C
and 35°C for six months were reported.

Materials and Methods

Preparation of adlay powder

The preparation method of raw adlay powder
(RAP) and processed adlay powder (PAP) and
storage conditions were treated as described in
previous paper®,

Lipid extraction and fractionation

Crude lipids were extracted with a mixture of
chloroform-methanol (2:1, v/v) as described by
Folch et al.*® Crude lipid extracts were freed from
non-lipid contaminants by applying a portion (200
mg) of the crude lipids to a column of sephadex
G-25, and eluting the lipids with a mixture of
water-saturated chloroform/methanol (19/1,
viv)®,
The purified lipids were subjected to column
chromatography, using a silicic acid (100 mesh,
Mallinckrodt Chemical Works, USA) column.
Chloroform, aceton and methanol were used se-
quentially to elute the neutral lipid(NL), glycoli-
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pid(GL) and phospholipid(PL), respectively. For
separation of triglyceride{TG) and free fatty acid
(FFA), preparative TLC on silica gel-G and a sol-
vent system containing hexane-diethyl ether-acetic
acid (80:20:1, v/v) were used. TG and FFA were
located under ultraviolet light after spraying with
Rhodamine-6G in methanol. The bands were
scrapped off the plate and extracted with chioro-
form-methanol (2:1, v/v)®.

Fatty acid analysis

Fatty acid esters were prepared by transesteri-
fication of the oil using a 5% solution of hydro-
chroric acid in methanol® and analysed using a
gas chromatograph (Shimadzu GC-7TAG, Japan)
equipped with flame icnization detector. A glass
column (3.1m x 3.2mm, i.d.) packed with 15%
(w/w) DEGS on Shimalite W(60-80 mesh) was us-
ed for methyl ester seperation. The column oven
temperature was 195°C, the injection tempera-
ture was maintained at 250°C and detector at
250°C. Flow rate of the nitrogen carrier gas was
35 m! per min. The emerging peaks were identi-
fied by comparing retention time to those of a
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standard mixture of known fatty acid methyl
esters. Peak areas were integrated and the per-
centage of total fatty acids were determined?,

Results and Discussion

Fatty acid compositions of lipid fractions and their
changes during storage

Table 1 and 2 show the fatty acid compositions
of lipid fraction in RAP and PAP stored at 5°C
and 35°C. Fig. 1 shows the relative changes of
both oleic and linoleic acid in the neutral lipid frac-
tion during storage at 5°C and 35°C.

The results show that oleic, linoleic and pal-
mitic acid were the major fatty acids in each lipid
fraction of RAP and PAP, while smaller quantities
of stearic and linolenic acid were also detected. In
NL fraction, oleic acid was the predominant un-
saturated fatty acid and was present in the amount
of 45-46% of total fatty acids, while in GL and PL
fraction, linoleic acid was the predominant un-
saturated fatty acid. The higher amounts of lino-
leic acid in GL and PL fraction may cause increa-
sed oxidative deterioration during processing and
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Fig. 1. Relative changes in the contents of oleic and finoleic acid of neutral lipid in raw adlay powder (RAP)
and processed adlay powder (PAP) during storage at 5°C and 35°C.
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storage. The fatty acid compositions of RAP and
PAP were similar to those studied on other cereal
such as barley and brown rice",

Throughout the storage period, the changes in
the fatty acid composition of each lipid fraction
depended on the storage temperature and period.
In NL fraction, the percentages of linoleic acid
decreased, while those of oleic and palmitic acid
relatively increased. On the other hand, the pat-
terns of change in the fatty acid composition of GL
were similar to the NL. During storage, the per-
centage of linoleic acid decreased and those of
oleic and palmitic acid relatively increased. The
patterns of change were more marked in GL con-
taining the more amount of linoleic acid than NL.
The patterns of change in fatty acid composition
of PL were similar to the GL. Oleic and palmitic
acid in PL tended to increase slightly, whereas
linoleic acid relatively decreased during the
storage period. These changes were especially
significant at higher temperature (35 °C).

Changes of fatty acid composition in RAP and PAP
during storage

The PAP had lower linoleic acid and higher
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oleic acid than the RAP at the initial stage. The
decrease of linoleic acid in PAP may have been
due to the heat treatment during the processing.
The changes in the fatty acid composition of each
lipid fraction in RAP and PAP depended on the
storage temperature and period. In NL fraction,
the percentage of linoleic acid decreased while
those of oleic and palmitic acid relatively increas-
ed, especially markedly in the RAP stored at
35°C. Lipoxygenase, which is principally in a
plant enzyme, is known to be distributed widely in
cereals and legumes and catalysed the peroxida-
tion of polyunsaturated fatty acids containing cis,
cis-1,4-pentadiene moieties by molecular oxy-
gen'Y. The most common substrate for lipoxy-
genase in food materials is linoleic acid. There-
fore, the greater decrease of linoleic acid in the
raw sample may have been due to the fact that
both autoxidation and lipoxygenase catalysed ox-
idation were occurring. In GL and PL fraction
containing the more amount of linoleic acid, the
RAP had a higher rate of degradation of linoleic
acid than PAP. These patterns were markedly
changed at higher temperature (35 °C), but were
hardly changed during storage at 5°C. This may

7 NL GL PL 6 FFA 7
6k O+ -0 RAP(5°C) 16
&--8 PAP(5°C)
—e gAP(35°C) v
A—4A pAP(35° --
(35°C) —K-O 45
Qo
S
® 44
D
3r -3
2k 42
1Lt I 1 1 4 1 t 1 1 1 1 1 1 1 1 1 Al do 1 1
0 2 4 6 0 2 4 6 9 2 4 02 4 6 0 2 4 ¢

Storage period (month)

Fig. 2. Effects of temperature and storage time on the unsaturated / saturated ratio of fatty acid in various lipid
fractions extracted from raw adiay powder (RAP) and processed adlay powder (PAP).
Abbreviations : NL; neutral fipid, GL ; glycolipid, PL; phospholipid, TG triglyceride, FFA; free fatty acid
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Table 3. Changes in fatty acid composition of triglyceride in raw adlay powder (RAP) and processed adlay powder

(PAP) during storage at 5°C and 35°C (Area %)
5°C
Fatty RAP PAP
acids 0 2 4 69) 0 2 4 69
14:0 . 0.4 0.2 0.3 0.1 0.3 0.2 0.2 0.2
16:0 13.9 14.1 14.5 15.8 14.0 14.0 14.2 153
18:0 1.2 1.5 1.2 0.8 1.2 1.5 1.7 1.0
18:1 49 .4 49 .4 49.4 49.5 48.0 48.0 48.1 48.3
18:2 34.3 34.1 34.0 33.1 35.2 35.1 345 34.1
‘18:3 0.6 0.5 0.4 0.4 1.1 1.0 1.1 0.9
20:1 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2
SFA 15.5 15.8 16.0 16.7 15.5 15.7 16.1 16.5
MUFA 49.6 49.6 49.6 49.8 48.2 48.2 48.3 48.5
PUFA 34.9 34.6 34.4 33.5 36.3 36.1 35.6 35.0
S/M/P 0.4/1.4/1.0 05/1.4/1.0 0.5/1.4/1.0 0.5/1.5/1.0 0.4/1.3/1.0 0.4/1.3/1.0 0.5/1.4/1.0 0.5/1.4/1.0
P/S 2.3 2.2 2.2 2.0 2.3 2.3 2.2 2.1
35°C
Fatty RAP PAP
acids 0 2 4 69 0 2 4 69
14:0 0.4 0.1 0.2 0.2 0.3 0.1 0.7 0.2
16:0 13.9 14.6 15.0 15.3 14.0 14.0 14.4 15.5
18:0 1.2 1.3 1.5 2.0 1.2 1.4 1.5 1.6
18:1 49.4 49.5 49.8 50.3 48.0 48.0 48.6 49.3
18:2 34.3 33.1 32.2 30.5 35.2 34.8 33.2 32.1
18:3 0.6 0.5 0.4 0.9 1.1 1.5 1.5 1.0
20:1 0.2 0.9 0.9 0.8 0.2 0.2 0.1 0.3
SFA 15.5 16.0 16.7 17.5 15.5 15.5 16.6 17.3
MUFA 49.6 50.4 50.7 511 48.2 48.2 48.7 49.6
PUFA 34.9 33.6 32.6 31.4 36.3 36.3 34.7 33.1
S/M/P  0.4/1.4/1.0 0.5/1.5/1.0 0.5/1.6/1.0 0.6/1.6/1.0 0.4/1.3/1.0 0.4/1.3/1.0 0.5/1.4/1.0 1.5/1.4/1.0
P/S 2.3 2. 2.0 1.8 2.3 2.3 21 1.9

a) Values mean the storage period (month).

Abbreviation: SFA or S, saturated fatty acid; MUFA or M, monounsaturated fatty acid; PUFA or P, polyunsaturated fotty acid.

have been due to the more active action of lipox-
ygenase during storage at 35°C.

Changes in the ratio of unsaturated fatty acid to
saturated fatty acid

Changes in the ratio of unsaturated to satu-
rated fatty acid ( U/S ratio) at various stage of this
experiment are shown in Fig. 2. The changes in

U/S ratio were used as a measure of changes in
lipid composition of stored products. Since lipid
oxidation is associated almost exclusively with un-
saturated fatty acids, it can be expected that the
U/S ratio decreases as a result of lipid oxidation
during storage. The raw sample had higher per-
centage change of U/S ratio than processed sam-
ple. Again, a combination of lipoxygenase cata-
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Table 4. Changes in fatty acid composition of free fatty acid in raw adlay powder (RAP) and processed adlay powder

(PAP) during storage at 5°C and 35°C. (Area %)
5°C

Fatty RAP PAP

acids 0 2 4 6° 0 2 4 6°
14:0 0.1 0.1 0.5 0.3 0.2 0.2 0.2 0.2
16:0 15.7 15.6 15.5 15.7 14.3 14.3 14.2 141
18:0 0.8 0.9 0.4 0.5 1.7 1.7 1.6 1.1
18:1 41.1 41 41.2 41.3 42.5 42.5 42.6 42.8
18:2 40.9 40.7 40.8 40.8 39.7 39.8 40.0 40.2
18:3 0.9 0.9 0.8 0.7 0.9 0.8 0.5 0.8
20:1 0.7 0.7 0.8 0.7 0.7 0.7 0.9 0.8
SFA 16.6 16.6 16.4 16.5 16.2 16.2 16.0 15.4
MUFA 41.8 41.8 42.0 42.0 432 43.2 43.5 43.6
PUFA 41.8 416 41.6 415 40.6 40.6 40.5 41.0
S/M/P 0.4/1.0/1.0 0.4/1.0/1.0 0.4/3.0/1.0 0.4/1.0/1.0 0.4/1.1/1.0 0.4/1.1/1.0 0.4/1.1/1.0 0.4/1.1/1.0
P/S 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.7

35°C

Fatty RAP PAP

ocids 0 2 4 6° 0 2 4 6°
14:0 0.1 0.2 0.4 0.3 0.2 0.1 0.5 0.8
16:0 15.7 16.1 16.8 17.8 14.3 14.2 16.0 16.4
18:0 0.8 1.6 1.8 2.1 1.7 1.3 1.3 1.4
18:1 411 40.8 41.4 42.8 42.5 42.4 42.8 43.2
18:2 40.9 40.3 38.4 36.5 39.7 40.4 38.1 37.0
18:3 0.9 0.8 0.7 0.3 0.9 0.9 0.3 0.5
20:1 0.7 0.2 0.5 0.2 0.7 0.7 1.0 0.7
SFA 16.6 17.9 19.0 20.2 16.2 15.6 17.8 18.6
"MUFA 41.8 41.0 41.9 43.C 43.2 43.] 43.8 439
PUFA 41.8 411 39.1 36.8 40.6 413 38.4 37.5
S/M/P 0.4/1.0/1.0 0.4/1.0/1.0 0.5/1.1/1.0 0.6/1.2/1.0 0.4/1.1/1.0 0.4/1.0/1.0 0.5/1.1/1.0 0.5/1.2/1.0
P/S 2.5 2.3 2.1 18 2.5 2.6 2.2 2.0

a) Values mean the storage period {mbnth).

Abbreviation : SFA or S, saturated fatty acid: MUFA or M, monounsaturated fatty acid; PUFA or P, polyunsaturated fatty acid

lysed autoxidation and autoxidation is inferred. In
this study, changes of U/S ratio during adlay
storage were lower than those of dried soybean
curds during storage. It may be due to the fact
that soybean oil has a higher linolenic acid content
than adlay%?.

The changes of fatty acid composition in triglyce-

ride and free fatty acid during storage

Table 3 and 4 show the fatty acid composition
of triglyceride(TG) and free fatty acid (FFA) in
RAP and PAP stored at 5°C and 35 °C. Fatty acid
compositions of TG were similar to the NL due to
the fact that TG constituted of the majority of NL.

As the storage period went by, the percentages
of linoleic acid decreased and those of palmitic and
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oleic acid relatively increased. After four montks,
this patterns of change were distinct and especial-
ly significant in RAP stored at higher temperature
(35°C). It was clear that the percentage of in-
crease’in oleic acid of FFA fraction was roughly
atcounted for by the amount of decrease in cor-
responding fatty acid of TG and each lipid frac-
tion. This results implied that the decreased
amount of oleic acid in TG and each lipid fraction
seemed to be directly transferred to the FFA frac-
tion. However, the decreased amount of linoleic
acid in the TG and each lipid fraction was greater
than its increased amount in the FFA fraction at
storage temperature of 35°C. This means that a
part of the linoleic acid from the TG and each lipid
fraction was converted to oxidized compounds.
This pattern was more marked in RAP by the ac-
tion of lipoxygenase. This seemed to agree to the
state occurring in brown rice stored at high tem-
perature (35°C). FFA in rice were released from
the neutral lipid during storage and the increase in
their amounts resulted in the deterioration of rice
flavor3,

FFA was decomposed differently according to
fatty acid composition. Methyl linoleate reacted
10-40 times quicker than oleate because of the
enhanced reactivity of the C-11 methylene group
lying between the double bonds*¥. Therefore, ox-
idation of oleic acid was a slow reaction occurring
only after a long induction period and more stable
than that of linoleic acid. The FFA of RAP con-
tained less linoleic acid and more oleic acid than
those of PAP during storage, their degree being
much more striking when the storage temperature
was at;35 °C. This may have been due to the more
active action of lipoxygenase during storage at
35°C. The FFA of old rice contained less palmitic,
linpleic and linolenic acid and more oleic acid than
those of fresh rice!®,
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