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Abstract: Lipoxygenase from Khao Dawk Mali 105 aromatic brown rice was
isolated by extracting brown rice liquid nitrogen powder using 0.2 M phosphate
buffer pH 7, fractionating with 30–60% (NH4)2SO4, dialyzing and gel filtration
on Sephadex G-200. The optimum pHs for dialyzed lipoxygenase activity were
around 7.5 and 9.5. The enzyme appeared to be completely inactivated after heat-
ing 30 min at 70�C, 20 min at 80�C and 10 min at 90�C. The enzyme could be
inhibited by MgCl2, ZnCl2, KCl, BHA, vitamin E, vitamin C, and BHT; however,
CaCl2 acted as the enzyme activator.

Keywords: Aromatic brown rice, Characteristics, Inhibition, Isolation, Khao
Dawk Mali 105, Lipoxygenase

INTRODUCTION

Khao Dawk Mali 105, commonly known in food markets as ‘‘Jasmine
Rice’’, is the most popular aromatic rice in Southeast Asia. Because of
its famous reputation in appearance, cooking quality, and high aroma
level, the rice has gained an increasing popularity throughout the world
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food market.[1,2] Lipoxygenase (Linoleate oxygen oxidoreductase; EC
1.13.11.12) is a wide spread enzyme in higher plant species.[3] Lipoxygen-
ase is a class of non-heme, iron containing dioxygenase that catalyzes the
oxidation of fatty acid containing a 1,4-pentadiene system, such as lino-
leic acid, into the conjugated fatty acid hydroperoxide.[4] Lipoxygenase
has been suggested as the cause of negative implications for the color
and off-flavor of plant-based foods and also off-flavor development in
various plants.[5–8] Off-flavor development, or decrease in aroma in aro-
matic rice grain during storage, is a serious problem that reduces the
value and quality of aromatic rice. Many researchers have demonstrated
that free fatty acid content, especially unsaturated fatty acid, in rice grain
increases during storage.

Polyunsaturated fatty acids could be catalyzed by lipoxygenase into
hydroperoxides which are further transformed into volatile compounds.[4]

Suzuki et al.[9] suggested that the absence of lipoxygenase enzyme in
rice grains reduces oxidative deterioration. Sanchez and Raymundo[10]

also showed that off-flavor formations in aromatic rice with higher
lipoxygenase activity are more than those of lower lipoxygenase activity.
However, characteristics of lipoxygenase in Khao Dawk Mali 105
aromatic brown rice have not been previously investigated. Therefore,
the objectives of this research were to isolate and investigate some
characteristics of lipoxygenase from Khao Dawk Mali 105 aromatic
brown rice.

EXPERIMENTAL

Materials

Khao Dawk Mali 105 aromatic brown rice (Oryza sativa L.) was vacuum
packed in nylon bags and stored at�20�C until use. The following
reagents were purchased from Sigma Chemical Co., St. Louis, MO. USA:
linoleic acid, polyoxoethylene-sorbitan monolaureate, ammonium sul-
fate, gel filtration medium Sephadex G-200, and bovine serum albumin.
All other chemicals were reagent grade. Deionized distilled water was
used in all experiments.

Preparation of Brown Rice Liquid Nitrogen Powder

The aromatic brown rice was frozen and blended in liquid nitrogen. The
brown rice liquid nitrogen powder obtained was stored at�20�C until
used for further isolation.
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Extraction of Lipoxygenase

Brown rice liquid nitrogen powder was extracted with 0.2 M phosphate
buffer, pH 7 (4�C) at a ratio of 2:3 (w=v) using a magnetic stirrer at
4�C for 30 min. The extracted enzyme was centrifuged at 10,000� g
4�C for 45 min. The lipoxygenase activity in the supernatant was deter-
mined spectrophotometrically by monitoring the formation of conju-
gated dienes at 234 nm as described below.

Ammonium Sulfate Fractionation and Dialysis

The enzyme supernatant was 30% saturated with ammonium sulfate with
continuous stirring at 4�C for 1 h. After centrifugation at 17,000� g (4�C)
for 45 min, the supernatant was 60% saturated with ammonium sulfate
with continuous stirring at 4�C for 1 h. The resulting precipitate after
centrifugation was dissolved in a minimum volume of 0.05 mM phosphate
buffer pH 7.0 (4�C) and dialyzed using a Spectra=Por membrane (mole-
cular weight cut off of 10,000 Daltons) against 2 L of 0.05 M phosphate
buffer pH 7.0 overnight at 4�C with one change of buffer. The dialyzed
solution was centrifuged at 17,000� g (4�C) for 1 h. The supernatant of
isolated lipoxygenase was stored at�20�C prior to use for investigation
of some properties of the enzyme. The activity of lipoxygenase and pro-
tein content were determined at each step as described below.

Gel Filtration on Sephadex G-200

The dialyzed enzyme solution was applied to the top of a Sephadex G-200
column (1.5� 90 cm) which was previously equilibrated with 50 mM
phosphate buffer pH 7.0. Fractions of 3 mL were collected from the col-
umn with the same buffer, at a flow rate of 11 mL=h. Lipoxygenase activ-
ity and protein content in each fraction were also determined.

pH Optimum for Activity and pH Stability of Aromatic Brown Rice

Lipoxygenase

To determine the pH optimum for the activity of brown rice lipoxygen-
ase, the activity was determined spectrophotometrically in the range of
pH 5.0 to 10.0. The buffer systems were 0.2 M acetate buffer pH 5.0–
5.5; 0.2 M phosphate buffer pH 6.0–7.5; 0.2 M boric-borax buffer pH
8.0–9.0 and 0.2 M borax-sodium hydroxide buffer pH 9.5–10.0. In the
pH stability study, the enzyme was diluted 1:10 (v=v) with the buffers
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from pH 5.0 to 10.0 and incubated in capped test tubes in a water bath
(25�C) for 30 min, then assayed for lipoxygenase activity. The buffer sys-
tems used for study were those for pH activity study.

Temperature Stability of Aromatic Brown Rice Lipoxygenase

The dialyzed brown rice lipoxygenase solution was diluted 1:10 (v=v) with
0.2 M sodium phosphate buffer, pH 7.0. Aliquots of diluted enzyme sam-
ple were placed in 13� 100 mm capped test tube and incubated in a water
bath at 70, 80, and 90�C for 0, 1, 2, 3, 4, 5, 10, and 20 min. Each tube was
removed at a specific time, immediately cooled in ice water, and assayed
for lipoxygenase activity.

Effect of Activators and Inhibitors on Aromatic Brown Rice

Lipoxygenase Activity

The effects of KCl, ZnCl2, MgCl2, CaCl2, BHT, BHA, vitamin E, and
vitamin C on brown rice lipoxygenase activity were studied. The effect
of each chemical solution at 200, 400, 600, and 800 mg=mL on lipoxyge-
nase activity was determined by adding 0.1 mL of each chemical solution
to 0.9 mL of enzyme solution and 2 mL of substrate solution in a cuvette.
Absorbance at 234 nm (25�C) of conjugated diene formation was moni-
tored. Percent lipoxygenase inhibition and activation was calculated by
comparing units of lipoxygenase activity in the presence of activators=
inhibitors to the absence of activators=inhibitors.

Lipoxygenase Activity Assay and Protein Determination

Lipoxygenase activity was determined spectrophotometrically by moni-
toring the formation of conjugated dienes at 234 nm over a 3 min period
by a modification of the procedure described by Theerakulkait and
Barret.[11] One unit of enzyme activity was defined as an increase in
absorbance of 0.001 (at 234 nm)=min at pH 7.0, 25�C.

Protein was determined by the dye-binding method[12] using crystal-
line bovine serum albumin (BSA) as a standard. The elution profile of the
protein for gel filtration column chromatography was monitored by mea-
suring absorbance at 280 nm.

RESULTS AND DISCUSSION

The aromatic brown rice was prepared as liquid nitrogen powder for
lipoxygenase isolation. The lipoxygenase was extracted from the liquid
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nitrogen powder with 0.2 M sodium phosphate buffer, pH 7.0. The
extraction yielded lipoxygenase activity of 13.3 units=gram of brown rice
powder. Lipoxygenase was fractionated with 30–60% saturated ammo-
nium sulfate that recovered 72.41% of total activity in the extract with
1.96-fold of purification (Table 1). Ohta et al.[13] used 37–60% saturated
ammonium sulfate to fractionate lipoxygenase from rice embryo with
percent recovery and purification-fold of 57.9% and 5.8-fold, respec-
tively. In addition, Ida et al.[14] showed that rice embryo lipoxygenase
was fractionated at 25–50% saturated ammonium sulfate with a percent
recovery of 70%.

After dialysis, the percent recovery and purification-fold of lipoxy-
genase from brown rice were 63.83% and 2.53-fold, respectively (Table 1).
Theerakulkait and Barret[15] showed that lipoxygenase from sweet corn
germ had a recovery of 62.1% with a degree of purification of 3.0 after
dialysis.

Lipoxygenase from Khao Dawk Mali 105 aromatic brown rice was
further purified by using gel filtration on Sephadex G-200 column. One
major peak of lipoxygenase activity was obtained and the major peaks
of proteins in the dialyzed solution of solubilized 30–60% saturated
ammonium sulfate precipitate were of lower molecular weight (Fig. 1).
The degree of purification and percent recovery of lipoxygenase pooled
from fraction number 19 to 53 were 2.88-fold and 55.05%, respectively.
If a higher degree of purification was needed, the fraction number 36
to 43 should be pooled with maximum activity at fraction number 40
(114 unit=mL); however, the percent recovery of the enzyme would be
decreased. Ohta et al.[13] used Sephadex G-150 to purify lipoxygenase
from rice embryo; the percent recovery was only 7.2%. However, the
purification-fold was surprisingly 2,980-fold. Ida et al.[14] also used

Table 1. Isolation of lipoxygenase from aromatic brown rice powdera

Isolation step

Total
enzyme
activity
(unit)

Total
activity
(unit=g)

Specific
activity

(unit=mg
protein)

%
recoveryb

Purification
foldc

Crude extract 533.31 13.33 5.60 100 1.00
30–60% (NH4)2SO4

fractionation
386.16 9.65 11.00 72.41 1.96

Dialysis 340.39 8.51 14.20 63.83 2.53
Gel filtration 293.60 7.53 16.13 55.05 2.88

aBased on isolation from 40 g liquid nitrogen powder (values are means of 3 replications).
bRelative to lipoxygenase activity in crude extract.
cBased on specific activity of crude extract.
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Sephadex G-150 to purify lipoxygenase from rice embryo and the percent
recovery of lipoxygenase� 2 was only 5.4% with degree of purification of
42.3-fold.

The optimum pHs for activity of lipoxygenase from Khao Dawk
Mali 105 aromatic brown rice were around pH 7.5 and 9.5 and the activ-
ity was lowest at 5.0 (Fig. 2). Kim and Rhee[16] showed that the optimum
pH for activity of lipoxygenase of a milled fraction from brown rice vari-
eties Tongjinbyeo, Kumiohbyeo, and Kanchukbyeo was in the range of
pH 7.0 to 7.6. However, optimum pH activity of lipoxygenase of aro-
matic rice from the Philippines was pH 4.5 and 7.0.[10] Ida et al.[14]

showed that the optimum pH for activity of lipoxygenase-1, lipoxygen-
ase-2, and lipoxygenase-3 isozymes from rice (Oryza sativa cv. Nippon
bare) embryo were 4.5, 5.5, and 7.0, respectively. Yamamoto et al.[17]

showed that optimum pH for lipoxygenase activity from embryo of rice
variety Japonica and Indica were around 6.5–7.0 and 8.5, respectively.
The optimum pH for activity of lipoxygenase from rice bran was 6.8–
7.0[18] and 8.5.[19] Moreover, Yoshie-Stark and Wasche[20] showed that
the optimum pH of crude lupin lipoxygenase was around 7.5–8.0.

Lipoxygenase from Khaw Dawk Mali 105 aromatic brown rice
seemed to be the most stable at pH 6.5 and 8.5 after incubation at pH
5.0–10.0, 25�C for 30 min (Fig. 3). Lipoxygenase from germinated

Figure 1. Sephadex G-200 Chromatographic isolation of aromatic brown rice
lipoxygenase.
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Japanese rice and sweet corn germ appeared to be stable at pH 5.0–
8.0.[11,21] Tangwongchai et al.[22] reported that soybean lipoxygenase
was stable at a pH range of 5–9. Baracat-Pereira et al.[23] also showed that
lipoxygenase-1 from soybean was stable at alkaline pH, while lipoxygen-
ase-2 was stable at neutral pH.

The temperature stability results showed that lipoxygenase activity
was rapidly inactivated during the first 5 min. After heating 5 min at
70, 80, and 90�C, residual lipoxygenase activities were about 35%, 22%,
and 19%, respectively. Lipoxygenase seemed to be completely inactivated
after heating for 30 min at 70�C; 20 min at 80�C and 10 min at 90�C (Fig. 4).
Ohta et al.[21] showed that the thermal stability of lipoxygenase-2 and

Figure 2. pH activity profile for lipoxygenase isolated from aromatic brown rice.

Figure 3. pH stability curve for lipoxygenase isolated from aromatic brown rice.
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lipoxygenase-3 from rice seedings (Oryza sativa cv. Nippon bare) at 3
days of germination were different. The activity of lipoxygenase-3 was
inactivated 10% after heating at 60�C, 20 min, while lipoxygenase-2 was
inactivated only a little. Kim and Rhee[16] also showed that lipoxygenase
of brown rice was inactivated by microwave heat.

Aromatic brown rice lipoxygenase was investigated for inhibition by
BHA, BHT, vitamin E, and vitamin C at various concentrations. At 200
and 400 mg=mL, BHA, BHT, vitamin E, and vitamin C showed a similar
inhibitory effect on brown rice lipoxygenase catalyzed conjugated diene
formation. BHA inhibited conjugated diene formation more effectively
than other antioxidants at concentrations of 600 mg=mL. At 800 mg=mL,
BHA and vitamin E showed a similar inhibitory effect with percent inhi-
bition of 61.77, and 58.63, respectively; however, vitamin C and BHT
showed similar inhibitory effect on lipoxygenase activity (Fig. 5). Ohta
et al.[21] showed that BHA and BHT inhibit activity of lipoxygenase-2
and lipoxygenase-3 from rice, but BHA showed the most inhibitory
effect. Theerakulkait and Barrett[11] reported that BHA and BHT inhib-
ited lipoxygenase activity from sweet corn germ. Lipoxygenase of cowpea
was also inhibited by BHA.[24] Moreover, Boyes et al.[25] showed that
BHA, BHT, and PG also inhibited activity of kiwifruit lipoxygenase. It
has also been reported that peroxyl radical complexes produced from
the conversion of polyunsaturated fatty acid to hydroperoxides by
lipoxygenase have been reported to exist during the catalytic cycle of
lipoxygenase and can serve as sources of free radicals. Therefore, antioxi-
dants such as BHA, BHT, vitamin C, and vitamin E, which act as free
radical quenchers, may act as lipoxygenase inhibitors.[26,27] The results

Figure 4. Temperature stability curves for lipoxygenase isolated from aromatic
brown rice.
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showed that the higher the concentration of magnesium chloride, zinc
chloride, and potassium chloride, the higher percent inhibition of brown
rice lipoxygenase activity. At 200, 400, and 600 mg=mL, these chlorides
inhibited lipoxygenase activity to a similar extent. However, at 800 mg=mL,
ZnCl2 inhibited lipoxygenase activity more effectively than KCl and
MgCl2 with percent inhibition of 42.19, 31.31, and 29.91, respectively
(Fig. 6). Hurt and Axelrod[28] also reported that magnesium ion inhibited
lipoxygenase–a and –b in bush bean. Calcium chloride at 200, 400, 600,
and 800 mg=mL activated the aromatic brown rice lipoxygenase activity
with a percent activation of 2.88, 4.41, 14.08, and 15.81%, respectively

Figure 5. Effect of antioxidants on activity of lipoxygenase isolated from aro-
matic brown rice at various concentrations.

Figure 6. Effect of chloride compounds on activity of lipoxygenase isolated from
aromatic brown rice.
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(Fig. 7). Activities of lipoxygenase from rice bran, peanut, and bush bean
were also activated by calcium ion.[19,28,29]
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