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Abstract

The damaging effect of peroxidized lipid on amino acid was studied in rice bran by
determining the free amino acid content in a biological system. The content of free amino acid
in the rice bran stored in the controlled atomsphere of 35 T with relative humidity of 65% for
180 days, increased during the first 62 days of storage, and then decreased as the lipid
peroxidation proceeded. The content of free amine acid in the sample exposed to the air of 25-3¢
Cwith relative humidity of 70-90% for 100 days decreased rapidly in the beginning period of the
storage, The lipid oxidation developed much faster in the rice bran exposed to the air than in
the rice bran stored in the controlled atmosphere. The correlation coefficients between the total
content of free amino acid and degree of peroxidation for the samples of both conditions were
above —{.8, which is significant(p<0.05). The changes in the concentration of serine, ghatamic
acid, proline, methionine, lysine, histidine, and arginine were significantly correiated with the
degree of lipid oxidation(p<0.05) for the samples stored in the comntrolled atmosphere and the
open air. It was observed that peroxidized lipid has damaging effects om protein in the
biclogical system of rice bran.
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INTRODUCTION effect of amino acids*®, the production of browning
pigment by Maillard reactions®®, and the decrease
of amino acid in enzyme or protein®™. The
antioxidant effects of amine acid may be accounted
for by the covalent linkage of the hyd-roperoxide
radical of lipid with the electrons from nitrogen in
the amine acid during lipid-amino acid adduct
formation”®. Yong and Karel® reported that
hexanal, an important product of lipid oxidation,
seemed to react with histidine to form a Schiff's
base which leads to the browning. Lysine, histid-
ine, methionine, tryptophan, glycine, proline and
serine are the major amino acids known to he in-
volved in the browning reaction™ ™. The aminoe ra-
dicals ligble to the peroxidized lipids are -SH
{cystein), -OH(serine, threonine, tyrosine), =NH
(histidine), and ~SCHs(methionine)*".

t is well known that amino acid and protein can
interact with peroxidized products of lipid oxi-
dation”. Lipid and protein interact mainly through
the free radical interaction between peroxidized
lipid and reactive residue of the amino acid or
protein. Production of protein or amino acid radical
by the peroxidized lipid have been confirmed by El-
ectron Spin Resonance experiment”®. The propos-
ed mechanisms of these reactions are proteinpro-
tein pelymerization, protein-lipid adduct format-
ion, protein scissieny, and amino acid destruction.
Lipidamino acid interactions have been manife-
sted through phenomena such as the antioxidant
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Most of the studies of the effects of peroxidized
lipid on the deterioration of protein have been
performed in the model systems*"”. Recently, the
damaging effects of peroxidized lipid on the protein
in the rice bran have been studied in the biolog-
ical® and model system'®, The purpose of this
research is to study the lipid-protein interaction in
the biological system by determining the free
amino acid contenis in the rice bran at various
stages of lipid oxidation.

MATERIALS AND METHODS

Sample preparation

Fresh rice bran of the Dong-jin variety grown on
the Kim-hae plain was obtained from a local miller
at two different times. Two groups of sample were
prepared in the same manner reported in refere-
nece'™, One group of sample was stored in an
atmosphere controlled to have a limited amount of
oxygen at 357 in order to enhance the lipid hyd-
rolysis, and the other group was exposed to the air
to enhance peroxidation as well as the lipid
hydrolysis.

Lipid analysis

Total lipid was extracted with 10 volume of n-
hexane for 15 hours. Peroxide and carbonyl value
were assayed by using the methods of AOGCS Cd 8-
53" and Henick'™ , respectively.

Determination of free amino acid

Meal portion of the rice bran extracted with n-
hexane was used for free amino acid determin-
ation. Defatted rice bran was homogenized for 5
minutes with 10 volumes of 70% ethanol. Sample
was refluxed at 80T for 15 minutes and then
centrifuged at 14,000 x g for 20 minutes. Residue
portion of the sample was washed twice with 5
volumes of 70% ethanol before being centrifuged.
The water layer was measured up to 100ml of
solution with distilled water after ethanol was
evaporated by vacuum evaporator. Sulfsalicilic acid
(5%, w/v) was added to the sample solution to
remove non-amine acid materials. Sample was
kept in cold room(4 ) for an hour and then centr-
ifuged(14,000 x g). The supernatant was evapor-
ated completely, and then was measured up to
10ml with lithium citrate buffer of pH 2.2. Free

amino acid was analyzed by amino acid autoana-
lyzer (L.K.B. 4150, England).

Statistical analysis

Correlation coefficients between the concentrati-
on of free amino acid and the degree of lipid
oxidation at various stage of storage were analyzed
by Pearson's R test'® and the significance was
determined at the level of 0.05.

RESULTS AND DISCUSSION

Lipid deterioration of rice bran during

storage

The peroxide and carbonyl values of the rice bran
stored in the controlled atmosphere of RH 65%
changed slowly, while corresponding values of the
rice bran exposed to air changed drastically (Figs. 1
and 2). This suggests that production of the
primary and secondary products of oxidized lipid
depends on the amount of oxygen in the system,
since oxygen reduces the activation energy for the
formation of hydroperoxide™.

Changes in the contents of free amino acid

in rice bran stored in the ecntrolled

atmosphere

The contents of most of the amino acids increased
during the first 60 days of storage and began to
decrease afterwards. The content of free amino
acid increased up to 135% during 60 days (Table 1).
This may indicate the presence of protease in the
rice bran. The decrease in the contents of free
amino acid was significant when lipid peroxidation
reached to a considerable degree during the.storage
(Fig. 1). The amount of histidine and glutamic acid
decreased most significantly during storage. Their
contents decreased to 92% and 89% of their initial
values, respectively, in 180 days of storage.
Changes of methionine, proline and lysine were
also significant, losing as much as 50% of their
initial contents. The decrease in the content of free
amino acid during storage may be due to the
transformation of the structure of native protein
into an inseluble form by the lipid protein
interaction. The destruction of amino acid by
reactive free radicals of oxidized lipid, such as
hydroperoxide and carbonyl compounds, can also
contribute to the reduction of free amino acid. Song
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Fig. 1. Lipid oxidation pattern of rice bran stored in

controlied atmosphere for 180 days.
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Fig. 2. Lipid oxidation patterm of rice bran exposed

Rice bran was stored at 35°C with limited
amount of oxygen where relative humidity

was controlled with sat. lithium acetate

solution to be 65%.
A Peroxide value @& Carbonyl value

to air for 100 days.

Rice bran was left open in air where the
temperature was 25-30%C and the relative
humidity was 70-90%.

A—a Peroxide value, & Carbonyl value

Table 1. Changes in the concentration of major free amino acid of rice bran stored in controlled atmosphere

for 180 days® {mg/100g sampie)
Storage time, days

Amino acid 0 30 60 90 120 150 180
Threonine 42.04 B4 14 100.64 60.21 40.29 29.64 34,29
Serine 12.82 15.29 17.71 12.10 10.81 9.17 9.27
Glutamic acid 175.58 133.80 152,14 60.48 50.12 43.57 37.84
Proline 8.32 13.49 13.07 13.10 8.00 5.38 4.90
Glycine 3.78 10.89 13.65 10.46 7.30 560 5.13
Alanine 20.41 28.27 47.22 30.21 18.09 13.01 15.71
Valine 3.72 6.42 841 5.60 4,50 3.86 5.06
Methionine 2.11 3.22 2.77 1.80 1.69 1.56 1.10
Isoleucine 1.65 2.91 3.59 2.36 2.22 2.01 1.89
Leucine 2.73 4.78 9.30 5.20 2.54 2,93 2.44
Tyrosine 4.46 7.24 8.26 6.17 5.20 4.02 4.06
Phenylalanine 3.34 487 6.09 4,00 3.89 262 2.69
Lysine 5.10 6.94 6.08 4.44 3.00 278 2.20
Histidine 5.38 5.98 3.94 1.46 0.81 0.71 0.43
Arginine 17.30 24.64 22,10 20.08 15.82 12,179 13.49
Total 308.74 32268 41587 237.67 174.28 189.01 188,50

fSee the feotnote of Fig, 1.
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and Cheigh'® analyzed the amino acids in the
protein isolate of rice bran using the method of
enzyme hydrolysis, and found that the content of
most of amino acids in the protein isolate of rice
bran decreased by more than 90% during in-

Table 2. Correlation coefficient between the con-
tent of free amino acid and degree of lipid
oxidation of rice bran stored in controlled
atmosphere for 180 days!

Peroxide value Carbonyl value

Aminoe acid
Threonine 0.516 -0.480
Serine -0.756* -0.746
Glutamic acid -0.818* -(.838*
Proline -0.192* -0.741
Glycine -0.432 -0.403
Alanine -0.578 -0.537
Valine ~-0.563 -0.562
Methionine -0.780C* -0.817*
Isoleucine -03.377 -(.383
Leucine ~0.489% -0.428
Tyrosine ~-0.612 ~{.686
Phenylalanine -0.556 -0.541
Lysine -0.86&* -0.873*
Histidine -(.831* -0.853*
Arginine -0.801* -0.756*
Total amino acids ~-0.815* -{.805*

‘See the footnote of Fig. 1.

*Changes in the concentration of free amino acid were
significantly correlated with the degree of lipid peroxi-
dation (p<0.05)
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teraction with the oxidized rice bran oil of peroxide
value 1200 meg/kg. Decrease in the proteclytic
activity of rice bran protease by the primary and
secondary products of peroxidized rice bran oil was
also observed.

The correlation coeffecients between the degree of
lipid oxidation and the content of free amino acid
are presented in Table 2. Changes in the content of
serine, glutamic acid, proline, methion-ine, lysine,
histidine, arginine and the degree of peroxidation
during storage were found signifi-cantly correlated
(p=<0.08). This suggests that --£ ,—-O0H, and —~NH
groups of amino acid are very reactive to the lipid
oxidation'. It was observed that the damaging
effect of peroxidized lipid was serious even in cases
where the degree of lipid oxidation was not so
significant.

Changes in free amino acid in the rice bran

exposed to air

The initial content of frez amino acids in the rice
bran used in this study was 263.60 mg%, which
was slightly less than the value observed in the
sample stored in the contrelled atmosphere of 357,
The concentration of amino acid began to decrease
gradually as soon as the rice bran was exposed to
air (Table 3). Losses in free amino acid became
more significant as the lipid oxidation progressed

Table 3. Changes in the content of major free aming acid in rice hran exposed to air for days?

{mg/100g sample)

Storage time, days

Aminoe acid

0 20 50 90 100
Threonine 22.00 23.48 12.39 10.48 -*
Serine 10.10 12.00 12.00 - -
Glutamic acid 15'7.50 156.36 37.18 0.09 -
Proline f 7.80 9.23 8.17 5.12 4.04
Glycine 3.20 - - . -
Alanine 20.30 34.45 12.27 -
Valine I 3.90 3.09 1.66 0.80
Methionine | 0.90 093 0.42 - -
Isoleucine ] 2.30 2.36 1.53 1.30 0.80
Leucine i 1.30 0.70 0.21 - -
Tyrosine 3.10 4.48 3.55 221 -
Phenylalanine 2.20 222 1.68 141 1.02
Lysine ; 15.50 2.86 2.85 -
Histidine ! 4.50 6.16 1.78
Arginine ; 9.00 8.97 6.35
Total ; 263.60 267.29 102.04 21.41 6.04

*See the footnote of Fig. 2.
*Not detected
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Table 4. Correlation coefficient between the con-
tent of free amine acid and degree of lipid
oxidation of rice bram exposed te air for

1900 days’

Amino acid I[ Peroxide value Carbonyl value
Threonine -0.928* -0.875*
Serine ~0.977* -0.977*
Glutamic acid -0.814 ~0.829
Proline ~0.943* -0.951*
Glycine -0.343 ~0.564
Alanine ~-(.846 -0.863
Valine -0.776 ~0.790
Methionine -0.901* -0.918"
Isoleucine -0.801* ~0.918"
Leucine ~0.741 -(.762
Tyrosine -0.884* -0.874
Phenylalanine -0.904* -0.914*
Lysine £).590" -0.900"
Histidine 0.836 -0.848
Arginine -0.969* -0.979*
Total amino acids -(.880" -0.893*

*See the footnote of Fig, 2.

*Changes in the concentration of free amino acid were
significantiy correlated with the degree of lipid peroxid-
ation (p<0.05)

(Fig. 2). Total amount of free amino acid decreased
drastically in 100 days. For the first 50 days the
content of free amino acid of rice bran exposed to
air decreased in contrast to the sample stored in
the controlled atmosphere where the content of free
amino acids increased. The diff-erence in the degree
of lipid oxidation of two samples may account for
the degree of destruction of amino acid.

The correlation coefficients between the contents
of free amino acids and the degree of peroxidation
are shown in the Table 4. It can be seen that lipid
peroxidation is strongly related to the decrease of
contents of free amino acid. The amount of decrease
in contents of the amino acids —threonine, serine,
proline, methionine, isoleucine, tyrosine, lysine,
and arginine—were found significantly correlated
to the peroxide and carbonyl values (p<0.05). All of
the major amino acids in the rice bran suffered a
great loss during the lipid oxidation. It can be
inferred that lipid —amino acid interaction might
have developed to a considerable degree, which is
enough to change the native structure of protein or
destroy the amino acid residue so that the free
amino acid was not extracted in the buffer solution.
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