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Microwave Pretreatment of Seeds to Extract
High Quality Vegetable Ol
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Abstract—Microwave energy is a superior alternative to salver
other thermal treatments. Extraction techniquesnadely employed
for the isolation of bioactive compounds and velgletails from oil
seeds. Among the different and new available teghes, microwave
pretreatment of seeds is a simple and desirableatidor production
of high quality vegetable oils. Microwave pretreatrn for oil
extraction has many advantages as follow: improwaigextraction
yield and quality, direct extraction capability, wler energy
consumption, faster processing time and reducedesbllevels
compared with conventional methods. It allows afso better
retention and availability of desirable nutraceali¢c such as
phytosterols and tocopherols, canolol and phergiopounds in the
extracted oil such as rapeseed oil. This can benastep to produce
nutritional vegetable oils with improved shelf lifleecause of high
antioxidant content.

methods. Extraction of oils from oilseeds can beied out by
pressing or with solvent. Solvent oil extraction tsually
applied to seeds with low content of oil (<20%)clsuas
soybean. Pressing method is applied for seeds avittigh
amount of oil, such as rapeseed, but this methadlaively
inefficient and a large portion of the oil is léftthe meal [6].
However, residual oil in the meal can be extracidrwards
by solvent. Solvent extraction method is the mdfitient

method with less oil remaining in the meal, busthiethod
has some industrial disadvantages, such as plantritge
problems, emissions of volatile organic compoundfo i
atmosphere, high operation costs, poor quality petsicaused
by high processing temperatures, low extractiordyand a
relatively high number of processing steps [7, 8l

extraction by mechanical pressing is simpler, saded

Keywords—Microwave pretreatment, vegetable oil extractioncontains fewer steps compared with oil extractignsblvent

nutraceuticals, oil quality

|. INTRODUCTION

HE use of microwave and dielectric heating in anahltic

researches began in the late 1970s and was firdse
upon by the food industry. Microwave energy is @esior
alternative to several thermal applications owing its
efficient volumetric heat production [1]. Microwaesens use
radio waves to convey energy and convert it to hatah
frequency which is approximately 300 MHz to 300 G2k
Waves in this frequency range are mostly absorlyeddier
with a sufficiently polar oxygen group. In the fotethnology,
microwave operation have been applied with incrensi
success in oil extraction, pasteurization, steilan, baking,
blanching, cooking, drying, and thawing of differefood
products [3].

[9].

There are two types of oil pressing: cold press had
press. Thermal treatment is not used in the cadgpmethod,
in contrast to hot press, where seeds are pretrdpteneat,
this is known as cooking [6]. Oil obtained from @¢giressing
of oilseeds has generally better preserved natropepties.
Therefore, there is a growing demand in the maftetold
pressed oil, such as cold pressed rapeseed oilettwcold
pressing has a lower oil extraction yield compatedhot
pressing.

Among the different and new available methods,
microwave pretreatment of seeds is a simple andraids
technique for production of high quality vegetalolié with
coupled high nutritional aspects. The new pretreatnallows
for better retention and availability of desirabletraceuticals

Microwave penetration depths within a food sample asuch as phytosterols and tocopherols in the exaciil.

significantly determined by the electrical and pbgb
properties, chemical composition, heating pattemigrobial
inactivation and quality control [4].

Extraction techniques are widely employed for #mation

Instead of thermal treatment, microwave radiatibise®eds is
receiving attention [10, 11].

Compared with conventional methods, microwave
pretreatment for oil extraction has many advantageh as:

of bioactive compounds and vegetable oils from fplaimprovement of extracted oil yield and quality, edit

materials [5]. The technique used to extract oiedaines the
value of extracted oil which can be reported arerdhare
discrepancies between the results of different aektyn
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extraction capability, lower energy consumption,stéa
processing time and reduced solvent levels [1].

A. Effects of microwave pretreatment on oil extraction
Microwave pretreatment provides a potential to oelu
stress reactions in plant systems or oil seeds.uBiyg
microwave radiation in oil seeds, a higher extacyield and
an increase in mass transfer coefficients can beired
because the cell membrane is ruptured. In addiiermanent
pores are generated as a result, enabling theooihdve
through the permeable cell walls [11]. According to
Azadmard-Damirchiet al. [12] microwave pretreatment can
increase oil extraction yield. In addition, theyvlabeen
observed that increasing microwave treatment tinee c
increase oil extraction yield. Uquicle¢ al. [11] have reported
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that pretreatment of hazelnuts with microwaves icanease

Azadmard-Damirchet al.[12] showed that pretreatment of

the oil extraction yieldand increasing the treatment time alsoapeseeds by microwave prior to oil extraction esp

had a positive effect on the oil extraction yieldhas also
been shown that the time of exposure to microwadation

increased the tocopherols significantly € 0.05) in oils.
These results suggested that damage to the oilsetd

has a significant effecp(< 0.05) on oil extraction yield rather membrane by microwave pretreatment allow increaskshse

than level of potency (400 W and 600 W). Morextal. [13]
used microwave pretreatment to the oil extractioomf
avocado and found that extraction efficiency wa$69ih
Soxhlet-hexane extraction coupled with

of tocopherols and enhance their amount in extdactid
According to Zigoneanwet al. [24] there is no significantly
difference p > 0.05) in the vitamin E content or antioxidant

microwavectivity of rice bran oil obtained microwave pret@ent

pretreatment when compared (54%) to only the Sdxhlevhen compared with conventional solvent extraction.

hexane extraction. This data concur with the pnesip
published data [14, 15, 16, 17].

A combined ultrasound and microwave pretreatmerstability,

The results revealed that oil extracted from miaoe
treated

most likely due to the increase of phéno

method for extraction of essential oil from carave@gds has antioxidants [25].

been proposed by Chemat al. [18].
significant improvement in extraction was obtainesing
simultaneous ultrasound and microwave pretreatment.

They found that

The levels ofa-, - andy-tocopherol in rice bran oil were

significantly @ < 0.05) increased when the rice bran was

subjected to microwave heating for up to 30 s [d®iis data
concur with the previously published data [27, 2&eet al.

B. Effects of Microwave Pretreatment on Major Compaund [29] reported that the levels eftocopherol in safflower olil
Soxhlet extraction method would degrade the polygradually increased with roasting temperature \ithreasing

unsaturated fatty acids in vegetable oil and tiesresulting
profile would not be truly representative of thétyfaacids in

the oil seeds. Cossignaet al. [19] reported that there is by microwave pretreatment
significant decreasep(< 0.01) in the TAG fraction and temperature up to 200 °C but decreased up to 260 °C

up to 160°C but then decreased up to 180°C. Acogrdd
Yen [30], the contents of tocopherol in sesame pitpared

increase [§ < 0.01) in the DAG and MAG fractions after However, it has been reported that the level-pB-, y- ands-

microwave pretreatment in olive oil. Many authoravé
reported the results of the microwave pretreatnmentfatty
acid compositions in vegetable oils. Kanitkar [2@ported
that the fatty acid compositions obtained for riman ol
extracted using microwaves differed slightly fromexgously
published data, but microwave extracted rice brdnalso
contained a considerable proportion of arachidid &€21:0)

tocopherols reduced during microwave heating amnd
tocopherol showed the highest rate of loss duensaturation
of the TAG system under their conditions [21, 22].

Phytosterols in vegetable oils are important from a

nutritional point of view because they contributeldwering

serum cholesterol levebnd are also considered to have anti-

inflammatory, anti-bacterial, anti-ulcerative andtimmour

in compared with conventional extracted rice braih o properties in humans [31, 32], as well as contiitguto the

Linoleic and palmitic acids are usually used addaibrs of
the extent of oil deterioration. Taet al. [3] found the
C18:2/C16:0 for microwave-radiated oil
increased heating power settings. According to Angt al.
[21] the levels of oleic and linoleic acids weremhatically
affected by microwave pretreatment than palmitid atearic
acids. The longer the pretreatment time, the lowas the
percentage of the linoleic acid and the higher thas of oleic

oxidative and thermal stability and shelf life agetable oils
[33]. The previously published results revealedt thalvent

decreasedhwi extraction is more efficient in extracting phytosis of
in compared with microwave pretreatmen

rapeseed oil
extracted oil [12]. It has recently been reporteuatt
microwave pretreatment of rapeseed could incredse t
canolol content. However, higher temperatures (>(®0can
cause a reduction in the canolol content [34].

acid. Yoshidaet al. [22] found a decrease in the amount of Martino et al. [35] found that employing 50% aqueous

PUFA in soybean oil during roasting time.

ethanol either with microwave pretreatment or wilinasound
pretreatment is the best method for

C. Effects of microwave pretreatment on minor compsund phytocomponents from flowering tops M€lilotus officinalis

D. Effects of microwave pretreatment on physicochemica

Phospholipid, tocopherols, phenolic compounds and
phytosterols are minor components of vegetable. dilse
results revealed that microwave pretreatment has no properties

significantly effects if > 0.05) on phospholipid content in

microwave extracted rice bran oil that can incraaseoverall
refining loss of the oil in compared with conventd
methods. Hence, the use of microwave pretreatmess dot
have the deleterious effects on the oil qualitynfrahe
perspective of phospholipid composition [20]. Tlkeuits also
showed that the phospholipids content in soybednisoi
directly dependent to the amount of oil extrac{i@3j.
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Changes in physicochemical composition and levdls o
minor compounds affect the functional and nutrisibaspects
of vegetable oils [22]. Anjunat al.[21] evaluated microwave
roasting effects on the physicochemical compositeomd
oxidative stability of sunflower seed oil. They falithat with
increasing microwave roasting time the refractivelek,
unsaponifiable matter and iodine value of the sigmificantly
decreased. It also has been reported that highigatime
increases saponification value, free fatty acid teoh of

rapeseed shows a markedly improved oxaativ

increased with processing

extraction of
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sunflower oil and changes color of extracted odnir light
yellow (5 min of roasting) to yellow (10 min of rsting) to
brown. It has been addressed to Maillard-type npyreatic
reactions, caramelizatioand phospholipid degradation and
formation of browning substances [30, 36, 37]. Balet al.
[38] reported that there are no significant differes on
refractive index between extracted oils from micave
pretreatment cumin seeds and conventional methods.

There is also an increased on anisidine, lodinegxiee
values and free fatty acid content in corn and sayboll
when applied to high-power setting. The resulte atvealed
that high unsaturated oils are deteriorated highan low
unsaturated oils [3, 39]. The acid values of therawave
extracted soybean oil was the lower than rice ikt may
be due to the fact that the bran is not stabiliggdr to oil
extraction and the presence of native lipase bdsn the
triglyceride structure [20]. Terigaet al. [23] found that
treatment time has higher effect on acid value ampared
with temperature.

E. Effects of microwave pretreatment on extractedjodlity

Improvement of oil extracted quality depended omwe
time and temperature of microwave pretreatment. ti&d
longer microwave heating times, temperatures ag-power
settingresulted in a greater degree of oil deteriorat®jn The

be

a new step to produce nutritional vegetable wilth

improved shelf life because of high antioxidantteo

(1

(2

(3]

(4]
(5]
(6]

(71
(8]

(9]

[10]

chemical components of oils that are degraded durin

microwave radiation achieved at rates that vanhwitocess
temperature and time, as with other domestic pgeicgs
methods. Therefore, suitable quality properties lmamused as
temperature-time integrators of quality deterianatiof oils
during microwave treatment [3]. In general, microea
heating have significant effects on quality pararetof
vegetable oils. Oxidative stability of vegetablelsoiis
influenced by many factors, mainly fatty acid corsition,
antioxidants and minor compounds. The effects afrowave
pretreatment on the thermo-oxidative degradatiah gunality
of several vegetable oils and fats, i.e. olive silpflower oll,
rapeseed oil and lartiave been studied [40, 12]. Higher
stability of oils extracted from microwave pretreétrapeseeds
may arise from their high antioxidant content ¢éagopherols
[12].

[I. CONCLUSION

The present study indicates microwave pretreatro@ntbe
used as a desirable alternative to conventionakxitaction
techniques. The oil yield values extracted by miaee-
assisted extraction are higher than those obtaibgd
conventional oil extraction under the same condgioThe
major advantage of microwave pretreatment is thhiced
time of extraction and energy consumption costserwis
compared to conventional methods. On the obtaiesdlts,
microwave extracted oil also show similar charasties to
conventionally extracted oil, indicating that qtalof oil is
not affected by microwave pretreatment. It allowsoafor
better retention and availability of desirable mg#uticals,
such as phytosterols and tocopherols, canolol drehglic
compounds in the extracted oil such as rapeseedtdd can
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