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Abstract
Crude expeller-pressed Kizakinonatane oil (EPKO) was analysed. The main fatty acids of EPKO were C18:1 (64.4%), C18:2 (18.7%), C18:3 (7.5%),
and C16:0 (4.4%). The major tocopherols of EPKO were y-tocopherol (39.75 mg/100 g) and o-tocopherol (20.30 mg/100 g). The carotenoid and
chlorophyll contents were 7.15 and 5.60 mg/kg, respectively. The total phenolic content was 1245.2 mg sinapic acid equivalents/100 g. The viscosity was
67.7 mPas and the oxidative stability index was 6.47 h. The acid value and peroxide value of the EPKO were 0.56 mg KOH/g oil and 2.69 meq O,/kg oil,

respectively.
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Introduction

The global production of Brassica oilseed oils is the second
largest for vegetable oils, after soybean oil. About 23 million
tons of rapeseed oil are produced worldwide every year, and the
largest consumer market is China, followed by India and Japan.
Rapeseed cultivars that have been genetically modified have low
levels of erucic acid and glucosinolates, making the oils healthier
for human consumption !. The quality of domestic rapeseed
varieties has been improving, along with their nutritional value.
Different rapeseed varieties have different fatty acid compositions,
and these vary according to the genetic characteristics and
environmental conditions. Oils extracted from rapeseed contain
significant amounts of monounsaturated fatty acids (44-75%),
high amounts of polyunsaturated fatty acids (PUFAs, 22-35%),
and small amounts of saturated fatty acids (SAFAs, 5-10%) 2. In
addition to an optimal balanced fatty acid composition,
considerable amounts of bioactive compounds, including
tocopherols, polyphenols, sterols, and carotenoids, are present
in rapeseed oils **.

Since no additional chemical solvents are used in the mechanical
pressing process, expeller-processed oils retain more of the
chemical constituents of their natural sources, including the fatty
acid contents and minor components, than are retained by regular
commercial oils (solvent-extracted). Commercially refined oils are
generally used in homes, restaurants, and industrial operations.
However, they have bland, neutral flavours, and consumers tend
to believe that expeller-pressed oils have higher nutritional values
than conventionally produced oils because of the lack of chemicals
involved in the production process. They also prefer the
characteristic taste, specific aroma, and intense colour of
expeller-pressed oil. Additionally, despite the widespread
distribution of many types of oil, and the fact that canola and
soy oils made up 59% of the total Japanese oil market in 2011,
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a particular type of oil is often selected for culinary use, based
on local availability and regional preferences. Kizakinonatane
(Brassica napus) (registration No. Natane Norin 47) was first
developed by the Tohoku National Agricultural Experimental
Station, and is claimed to be a zero-erucic Japanese domestic
rapeseed variety °. It is commonly cultivated throughout the
northern part of the Tohoku region in Japan, because of its greater
intrinsic cold tolerance and higher oil-yielding ability compared
with other domestic varieties.

As the quality of an edible oil is crucial to the human health and
culinary applications, however, to the best of our knowledge, the
expeller-pressed Kizakinonatane oil (EPKO) its physicochemical
properties, fatty acid composition, and bioactive compounds have
yet to be reported. There is minimal data in literature on the
constituents of Kizakinonatane seed or oil and this appears to be
limited to the work of Embaby et al. ¢, who determined the minor
anti-nutritive components, such as glucosinolates, phytic acid,
sinapine, and total phenols in Kizakinonatane meal. The present
study was therefore conducted in order to evaluate crude EPKO
and determine its fatty acid profile, tocopherol composition, total
phenolic content (TPC), oxidative stability index (OSI),
chlorophyll and carotenoid contents, acid value (AV), peroxide
value (PV), and physical properties such as viscosity and colour.
The knowledge gained from this study is expected to provide
information on the healthy use of EPKO, and enable it to be
incorporated into food formulations to improve consumer health.

Materials and Methods
Materials and reagents: Crude EPKO was purchased from a local
oil supplier. Fatty acid methyl standards, Folin-Ciocalteu’s phenol
reagent, sinapic acid (purity > 98%), B-carotene, and tocopherol
standards (o, B-, Y-, and &-T) were purchased from Wako Pure
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Chemical Industries Ltd. (Osaka, Japan). Other chemicals and
reagents used in the study were of analytical grade, unless
otherwise stated.

Analytical methods: Fatty acid methyl esters (FAMEs) were
prepared using the American Oil Chemists’ Society (AOCS) Official
Method Ce 2-66 7 by a gas chromatograph (Shimadzu GC-2010)
equipped with a flame ionization detector and a Shimadzu AOC
20Si autosampler. The tocopherol content was analysed using a
Shimadzu LC-20AT HPLC system consisting of a guard-column
(Mightysil Si 60, 5 um, 5 mm x 4.6 mm, Kanto Chemical Co., Inc.,
Tokyo, Japan) based on a modified version of Lee’s method 2. The
AOAC Official Method 958.05 was used to determine the
carotenoids in the oils °. The chlorophyll pigments in EPKO were
determined using the AOCS Official Method Cc 13i-96 '°. The TPC
of the oil samples was determined spectrophotometrically using
the Folin-Ciocalteu reagent, according to a previous method -2,
The AV of the oil sample was established using an automatic
potentiometric titrator AT-500N (Kyoto Electronics Manufacturing,
Kyoto, Japan), according to the AOCS Official Method Cd 3d-63 .
The PV was measured with an AT-500N, using the Japan Oil
Chemists’ Society (JOCS) Official Method 2.5.2.1 *. The flow
characteristics of the oil samples were measured using a sine-
wave vibro-viscometer (SV-10; A&D Company, Ltd., Tokyo,
Japan). The colours of the oil samples were determined using a
portable spectrophotometer (CM-700d, Konica Minolta Sensing
Inc., Osaka, Japan). An oil sample (30 mL) was transferred to a 50
mL glass container and the lens was placed over the container to
exclude external light. The colours were expressed as L* [L* =0
(blank), L* = 100 (white)], a*(+a* =red, -a* = green), and b*(b* =
yellow, -b* = blue). The oxidative stability of the EPKO was
determined with a Rancimat apparatus (743, Metrohm KEBO Lab
AB, Herisau, Switzerland), which was used to measure the
induction period of a 3 g sample of oil heated to 110°C with an air
flow of 10 L/h.

Statistical analysis: Analyses were carried out in triplicate. The
values of different parameters were expressed as the mean +
standard deviation (= SD).

Results and Discussion
The fatty acid profiles of the crude EPKO are presented in Table 1.
The results show that unsaturated fatty acids were the

Table 1. Fatty acid composition (%) of Kizakinonatane

seed oil *.

Fatty acid Composition (%)
Palmitic acid (C16:0) 4.4+0.02
Palmitoleic acid (C16:1) 0.2+0.00
Stearic acid (C18:0) 1.940.01
Oleic acid (C18:1) 64.4+0.02
Linoleic acid (C18:2 n-6) 18.7+0.03
Linolenic acid (C18:3 n-3) 7.5+0.01
Arachidic acid (C20:0) 0.6+0.01
Eicosenoic acid (C20:1) 1.320.03
Behenic acid (C22:0) 0.3+0.01
Erucic acid (C22:1) 0.7+0.05
SAFA 7.2+0.00
MUFA 65.6+0.06
PUFA 26.2+0.04
n-6/n-3 2.5+0.00

*Data expressed as mean + standard deviations (n = 3); SAFA: Saturated fatty acids; MUFA:
Monounsaturated fatty acids; PUFA: Polyunsaturated fatty acids.
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predominant fatty acids, and accounted for about 91.8% of the
total fatty acids in the EPKO. The main unsaturated fatty acid was
oleic acid, and its content was 64.4% for the crude EPKO. The
oleic acid contents observed in this study were within the
previously reported range of contents (50-85%) for rapeseed oils '
16, 1t is known that monounsaturated fatty acids are effective in
lowering plasma total and low-density lipoprotein cholesterol 7.
Linoleic acid was found to be the major PUFA, followed by linolenic
acid, atlevels of 18.7% and 7.5%, respectively, in the EPKO. PUFAs
are well known for their role as essential fatty acids as well as their
role in reducing plasma cholesterol levels and helping to regulate
prostaglandin production '%. The major SAFA in the EPKO was
palmitic acid at levels of 4.4% of total fatty acids. With respect to
the flavour and health aspects of the oil, a fried product of optimal
quality can be produced, without the presence of trans-isomers,
by using oils with high oleic acid and low linolenic acid contents *°.
The ratio of n-6 to n-3 of the crude EPKO was 2.5, which is close
to the optimal ratio of n-6 to n-3 (2:1). This was reported to be
beneficial in preventing cardiovascular diseases, cancer, and
inflammatory and autoimmune diseases 2*2!. It should be noted
that the amount of erucic acid in EPKO was 0.7%, rather than zero
as previously claimed; however, its content was less than 2%,
which is the maximum level set for erucic acid content in edible
oils by the Codex Alimentarius Commission 2.

Tocopherols are a group of chemical compounds, many of which
have vitamin E activity, which are recognized as very efficient
natural antioxidants and free-radical quenchers. Tocopherols have
various physiological effects, most of which are particularly
favourable to human health 2> 24, The homologues and amounts
of tocopherols in the EPKO are presented in Table 2. The major
homologues of tocopherols in EPKO were ¥ -tocopherol (39.75
mg/100 g) and o-tocopherol (20.30 mg/100 g), followed by &
tocopherol (0.79 mg/100 g) and B-tocopherol (0.10 mg/100 g). The
homologues and amounts of tocopherols vary with the type of
oil, and it has been reported in previous studies that rapeseed oil
has high amounts of o~ and y -tocopherols (usually in a 1:2 ratio),
with trace amounts of 3- and &-tocopherols 226, o-Tocopherol
and y -tocopherol have similar singlet-oxygen-quenching abilities,
and have beneficial effects on the prevention of prostate and
colon cancers ?’. The B-carotene contents of EPKO are shown in
Table 2. The crude EPKO possessed a level of B-carotene (7.15
mg/kg), which is responsible for its dark yellow colour. The content
of B-carotene in the EPKO was within the range reported in
previous studies for canola/rapeseed oils, i.e. 1.4-25.5 mg/kg %,
In addition to carotenoids, chlorophyll pigments were also found
in rapeseed oils. The amount of chlorophyll in the crude EPKO
was 5.60 mg/kg, which is within the range of chlorophyll contents
previously reported for canola/rapeseed oils (5-55 mg/kg) 5. B-
Carotene is an important flavonoid compound, known for its

Table 2. Bioactive and antioxidant compounds.

Compound

a-tocopherol (mg/100 g) 20.30+0.38
f-tocopherol (mg/100 g) 0.10£0.00
y-tocopherol (mg/100 g) 39.75+0.54
d-tocopherol (mg/100 g) 0.79+0.02
B-carotene (mg/kg oil) 7.15+0.04
Chlorophyll (mg/kg oil) 5.60£0.25
TPC (mg SAE/100 g) 1245.2+18.5

*Data expressed as means * standard deviations (n = 3); TPC: Total phenolic
content; SAE: Sinapic acid equivalent.
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powerful antioxidant functions; it scavenges free-radicals in the
body and prevents DNA damage and subsequent mutations . [3-
Carotene has also been reported to have a positive association
with decreased risk of cardiovascular diseases and cancers *!.
Chlorophyll is an important factor in oil stability because of its
potent antioxidative effect in the dark *2. However, chlorophyll in
rapeseeds imparts an undesirable colour to the oil and is a strong
pro-oxidant, acting as a sensitizer for singlet-oxygen production
under light 33,

Phenolic compounds, a large group of phytochemicals in plants,
are now receiving considerable attention because of their potent
effects in the prevention of both heart disease and cancer *. The
results presented in Table 2 show that the crude EPKO had a TPC
content of 1245.2 mg SAE/100 g. Yang et al. ' reported TPC ranging
from 9 to 100 mg of tannic acid/100 g in 203 cold-pressed oils of
Chinese cultivars !, and Gruzdiené and Anelauskaité * detected
TPC ranging from 74 to 843 mg gallic acid/100 g in 15 oil samples
from Lithuanian rapeseed cultivars. The differences between our
TPC results and previously published results might be the result
of factors, such as the cultivars, degree of maturity, sample
preparation, and the analytical method used.

The physicochemical characteristics of the oils are shown in
Table 3. The AV is a measure of the free fatty acids present in the
oil. An increase in the amount of free fatty acids in an oil sample
indicates hydrolysis of triglycerides. The results showed that the
AV was 0.56 mg KOH/g, and PV 2.69 meq O,/kg for the EPKO. This
shows that the EPKO maintained good quality, since its AV and
PV were lower than the maximum AV, i.e. 4.0 mg KOH/g, and the
maximum PV, i.e. 15.0 meq O /kg, permitted in crude expeller-pressed
oils by the regulations 2. The viscosity of the EPKO was found to
be 67.73 mPas. The flow behaviour of an oil is not only affected
by the main components (C18:1 and C18:2 fatty acids), but also by
impurities. The oil colour results showed that the EPKO had an L*
value (19.19), with a* (9.08) and b* (32.88) values, indicating that
the crude EPKO was reddish in colour (Table 3). The intense
yellowish colour of the EPKO was probably a result of the [3-
carotene content (Table 2).

Table 3. Physicochemical properties of Kizakinonatane

seed oil *.

Parameter

Acid value (mg KOH/g oil) 0.56+0.04
Peroxide value (meq O/kg oil) 2.69+0.29
Viscosity (mPa-s) 67.73£0.21
OSI (h) 6.47+0.06
Colour

L* 19.19+0.01
a* 9.08+0.01
b* 32.88+0.02

*Data expressed as means + standard deviations (n = 3); OSI: Oxidative stability index.

The oxidative stability index (OSI) is a measure of the resistance
of lipids to oxidation under accelerated heating and aeration
conditions. An oil with a higher OSI value is usually regarded as
having better oxidative stability or a longer shelf-life. The OSI
value of the EPKO was 6.47 h (Table 3), which is shorter than that
of 8.57 h observed for commercial refined, bleached and deodorized
canola oil. It is not surprising that commercial canola oil has a
higher OSI value, since constituents, such as free fatty acids,
copper, iron, and chlorophyll and its decomposition products,
which act as catalysts in oxidation processes, were largely removed
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during the refining, bleaching, and deodorizing processes *. The
chlorophyll content may play an important role in the oxidative
stability of the EPKO, especially when the oil is exposed to light.
The oxidative stability of a vegetable oil is dependent on many
factors, including the presence of light, oxygen partial pressure,
the degree of unsaturation of the fatty acids, the presence of
antioxidants and pro-oxidants, and the processing and storage
conditions.

Conclusions

The fatty acid profile of crude EPKO presented in this study
indicated that EPKO is a good edible oil, as it is rich in
unsaturated fatty acids, namely oleic, linoleic and linolenic acid.
The crude EPKO had high levels of bioactive compounds, such
as tocopherol, total phenolics, B-carotene, and chlorophyll. As a
result of the large amount of B-carotene in the EPKO, it is reddish
yellow in colour. Furthermore, the EPKO has a good OS], viscosity,
AV, and PV that are within the limits allowed by the regulations.
Despite the fact that mechanical pressing gives a relatively low
recovery of oil from oilseeds, which leads to a higher price, more
and more consumers are shifting their focus in oil consumption
from quantity to quality. Based on the data obtained in this study,
we concluded that domestic crude EPKO could be used to
supplement other oils, and meet part of the nutritional requirements
in human diets and improve human health.
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