Asian:Journal-of Chemistry : : : Vol. 18, No. 1.(2006),-S7-64

- Solid-liquid Extraction of Fatty Acids of Some Variety of
Iranian Rice in *ClosedWessel in the Absence
-and Presence of Ultrasonic Waves

MOHAMMAD REZA BABAEIt, ALI JABBARIT and Y ADOLLAH Y AMINT*
Department of Chemisiry, Tarbiar Modarres University, Tehran, iran
Fax: (98)(21)8006544; E-mail: yyamini@modares.ac.ir

Extraction of the free fatty acids of four varieties of Iranian rice (Neda,
* Neamat, Fajr and Sahel) was done in closed vessels both in the absence
-~ and presence of ultrasonic waves. Then, the free fatty acids were converted
- into their methyl esters by the MeOH/BF; reagent. and were separated and
determined by high-resolution gas chromatography equipped with flame
ionization detector and a fused silica CBP-10 capillary column. The pa-
rameters influencing exraction efficiency, such as'temperature, size of
grains, volume ratio of methanol to chloroform as extracting solvent and
extraction time, were optimized using a three level orthogonal array desigd
with an OAy (3%) matrix. Furthermore, extraction efficiencies both in the
presence and absence of ultrasound wave were compared at optimum
conditions. The optimum conditions of T = 80°C, mesh > 100, t = 35 min
and volume ratio of methanol to chloroform, 2 : 1 were obtained in the
absence of ultrasound wave. On the other hand, the time necessary for the
quantitative extraction of free fatty acids in the presence of ultrasonic
waves was reduced to 5 min. Based on the results, among the extraction
parameters, temperature and size of grains had significant effects on the
extraction efficiency and extraction yield was increased by an increase in
temperature and a decrease in particle size. The amount of total fatty acids
in these different rice varieties was in the range of 0.99-1.62% and Fajr
variety had the greatest amount of free fatty acids.
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INTRODUCTION

Fatty acids are organic compounds that contain a carboxyl group at one end
and a methyl group at the other. Based on the degree of saturation, fatty acids
may be divided into saturated and unsaturated fatty acids'. The major contents of
fatty acids in most vegetable oils® are linear saturated species with a carbon
number ranging from 12 to 22 and linear unsaturated species with a carbon
number of 18 and a double bond number ranging from | to 3. Essential fatty acids
(EFA), such as cis-linoleic acid, arachidonic acid and linolenic acid, cannot be
synthesized inside the human body and must be supplied externally from the diet.
Non-essential fatty acids, like;o]e\ic acid, can be synthesized in the body'.
Although the unsaturated fatty acids 'nonﬁailly‘cxist as a cis- configuration, the
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trans-fatty acids that may cause’health problems exist as -a relatively small
content’. Essential fatty acids are. \impmtam\for nutrition and are used in the
biosynthesis of eicosanoid hormones®. In fact, dietary deficiency of EFA is
manifested as poor growth, increased water content of the muscle, high liver lipid
content, poor feed efficiency, shock syndrome, fin erosion, mitochondrial swelling
and a decrease in hemoglobin®. Fatty acids play an important role in biological
tissues. For example, fatty acids as constituents of lipid, influence membrane
properties, such as ﬂmdnty, mtegmy, permeability and the activities of membrane
bond enzymes and they are a source of energy for man and mmmals Linoleic acid
is one of the essential fatty acids and is found at a high concentration in vegetable
0il®. In companson to other vegetable oils, ncc oil tends to contain higher levels
of free fatty acnds Most of me oil in the ,gram ns located in the bran and germ,
which usuaﬁly contain about 15-22 wesght per cent®, Most fatty acids of rice grain
are located®'® as C16:0, C18:0, CI8:1, C18:2, C18:3. The most common
procedure of fat removal from solid matrix is the conventional Soxhlet extraction;
nevertheless, new extraction methods, such as microwave-assisted extraction
(MAE)'" '2, solid-phase micro extraction (SPME)'* ', supercritical fluid extrac-
tion (SFE)® ' '8, ultrasonic'” and so on are displacing the conventional Soxhlet
extraction method because of its drawbacks. These drawbacks mostly include the
strong dependence of the lipid’s extraction on the solvent used, the necessity of
a hydrolysis step before extraction and the large volume of solvents released into
the atmosphere, in addition to the slowness of the procedure'!. The alternative
methods are not only faster and sophisticated but also reduce the organic solvent
consumption''. The conventional methods for the determination of fatty acids are
GC, HPLC'® and CE'"?. In order to determine fatty acids by GC, these acids have
to be converted into derivatives with a lower boiling point™ %, such as alcoholic
esters. The trans-estrification of fatty acids was performed with different reagents,
such as borcntrifloride-methanol reagent (that is most often used for rrans-es-
trification of all type of lipids) or with methanolic acids or sodium methoxide
and potassium hydroxide in methanol or diazomethane®. In separation and
determination of a fatty acid by HPLC, these acids are usually converted into
diazoalkanes or into 9-bromoacridine derivatives. In fact, the quantification of
fatty acids as their 9-bromoacridin derivatives seems to be more advantageous
than that based on the use of very hazardous dxazoalkenes

Several statistical techniques, such as snmplex optimization and factorial
design, were administered for the optnmlzatnon of analytical methods Factorial
design has some advantages over sumplex opumnzatxon in that a global optimum
can be provided, large amounts of quantatatwe mformatnon can be extracted and
both discrete and continuous factors can be estimated. One obvious disadvantage
of the factorial design is the large number of experiments required when several
variables are examined. However, the number of experiments can be considerably
reduced by the use of an orthogonal array design'?
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The aim of the present study was the optlmlzatnon of the different parameters,
such as temperature, size of rice gram extractnon time and the ratio of methanol
to chloroform (as the extraction so vem) on the extraction of free fatty acids of
four varieties of Iranian rice grain in closed vessels both in the absence and
presence of ultrasonic waves. In addition, the free fatty acid contents of different
Iranian rice varieties were compared.

EXPERIMENTAL

Fatty acid methyl esters were analyzed using a Shnmadzu GC-14B gas
chromatograph equipped with a FID and a CBP-10 fused silica capnﬂary column
(25 m x 0.22 mm i.d., film thickness 0.25 ym). Oven temperature was held at
200°C for 2 min and then programmed up to 230°C at a rate of 5°C/min and held
at this temperature for 3 min. Detector and injector post temperatures were 250°C.
Helium was used as the carrier gas with a linear velocity of 35 cm/s. The samples
and standards (1 pl) were injected.into the GC using the split mode with a split
ratio of 1 : 40.

“Extraction of fatty acids was performed in an ultrasound bath of model
Starsonic (Italy) at frequencies of 28-34 KHz. "

HPLC grade solvents of chloroform, methanol, n-hexane and ethyl acetate
were purchased from Merck. The boron trifloride reagent in ethyl ether and
standards of fatty acids (palmitic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid and tridecanoic acid as internal standard) were obtained from
Aldrich and used without any further purification.

Four varieties of Iranian rice (Neda, Neamat, Sahel, and Fajr) were kindly
offered as a gift by the Agriculture Center of Mazandaran (province of Mazan-
daran, Iran) and Sadri rice was purchased from the market.

Extraction of fatty acids: The rice grain was extracted from its bran and
pulverized. Particles with average meshes of 16-40, 40-100 and 100-200 were
obtained by sieving. 0.25 g of each variety was extracted with 6 ml of
methanol : chloroform (2 : 1) mixture at 85°C for 35 min in a 15 mL closed
vessel. The desired solution was separated from the rice grain and then evapo-
rated. The residue in the vessel was converted into methyl ester according to the
following method:

Esterification of fatty acids: 130ugC,;.(as an internal standard and 0.5 mL
of boron triflouride reagent (10% BF; in methanol) were added to each vessel that
contained extracted fatty acids and the vessels were left for 15 min at 60°C. Methy!
esters of fatty acids were extracted twice with n-hexane. The n-hexane layer was
washed with water and dried in the presence of CaCl,. Hexane was evaporated and
the final volume of the extract was adjusted to 1 mL with ethyl acetate. 1 pL of the
resulting sample was injected to the GC-FID using split injection.

Calibration: Five methanolic solutions containing C;6.0, Cig:0. Cig:1» Cig:2e
and C,g.3 with concentrations of 50, 100, 500, 1000 and 2000 pg/mL and 130
pg/mL Cy34 as an internal standard were sterified as described above and 1 pL
of each sample was injected into the GC and proper calibration curves (based on
the relative peak area vs. concentration) were obtained for each fatty acid with
correlation coefficients higher than 0.99 (Table-1).



60 :Babaeierals oo iy el bt i e sl «Asian J. Chem.

‘ ' : +TABLE-1.. ..
REGR..SSHON EQUATKONS FOR FREE FATTY ACID
DETERMINATRONS IIN RICE GRAINS

Fany acid Regrcs.sion ‘ | Corr?ialion
equation coefficient (R,)
Palmiticacid  Y*=0.0089 C (luE/mL) +0.165 0.9997
Stearic acid Y = 0.0068 C (pg/mL) +0.072 0.9995
OIcnc acud Y= 00069 C (ng/mL) + 0.255‘ . 0.9989
Lmolcxc acnd | Y= 00068 C (ug/mL) +0 HOI | 09992 .
| >‘:Lmo‘lemc acnd . ‘.{ == 0.0034 C (ug/mL) + 0.0079 0.9997

Relatwe GC pcalk area nf solutc to nmcmaﬂ stzmdard ‘

RESULTS AND DISCUSSION

. The aim of this study was to find out the conditions pmwdmg the highest
extracuon efficiency of fatty acids from rice grain by solid-liquid extraction (SLE)
in closed vessel inside the experimental domain explored and the results were
compared both in the absence and presence of ultrasonic waves.

Since various parameters potentiaily affect the extraction process, the optimi-
zation of the experimental conditions represents a critical step. The optimization
of this method can be carried out, step-by-step, or by using an experimental
design. Table-2 shows different conditions of experiments carried out in the
absence of ultrasonic waves for extraction of fatty acids from rice grain according
to the Taguchi experimental design. All the selected factors were examined by
using a three-level orthogonal array design with an OAq (3*) matrix. In this study,
interactions among variables were not incorporated in the matrix and emphasis
was laid on the main effects of the four most important factors. The Sadri rice
was used to achieve optimum conditions of extraction. The total extracted fatty
acid from Sadri rice has been considered as the response of the method. The
parameters that were optimized were temperature (65, 75 and 85°C), size of
particles of rice grain based on the mesh (16-40, 40-100 and 300—200) extraction
time ( 5 25 and 35 min) and ratio of methanol to chloroform as extraction solvent
(2: :land ] :2). 6 mLof the extracting solvent were used in all extractions.
To determme the exact level of each factor, various prehmmary experiments at
different conditions were performed. Then the total impact of all factors can be
obtained. For the next expenmems, we selected the level of cach factor through
the obtained results

The condnt.nons of each expenmem and results of the expenmcms bascd on
the extraction yields, are given in Table-1. The mean values of the extraction
yields for the correspondmg factors-at each level were calcuﬁated accordmg to
the assignment of the experiment. For example, the extraction yields of the three
trials at 85 : C were evaluated as a mean value of the corresponding three runs
(trials 1-3). The mean values of the three levels of each factor (e. &.. lemperature)
reveal how the extraction yield will change when the level of that factor is
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changed. Fig. 1 shows the variations in extraction yield as a function of change
in different levels of the factors studied. According to Fig. 1, the optimum
conditions for extraction in closed vessels in the absence of uitrasonic waves are:
T = 85°C, mesh > 100, extraction time = 35 min and ratio of methanol to chloro-

form 2 : 1.

TABLE-Z s
EXPERIMJENTAL CONDHTKONS OF LIQUID-SOLID EXTRACT EONS AND
EXTRACTION YIELD OF FREE FATTY ACIDS FROM RICE GRAINS

" “Trial No.? S ilepnti gt MeOH ICHCh  Yield
L C(°Cy o ooomin) v (mesh) 0 volume ratio (%)
-1 65 oS e 1640 0 20 1.52
2 s ast e ao-too 1 1.80
3 65 35 100-200 1:2 - 2,60
4 75 C1s 40-100 1:2 2.38
s 75 25 100-200 2:1 3.87
6 75 38 1640 1:1 2.76
7 85 S 100-200 I:1 4.0l
8 85 25 1640 1:2 2.90
9 85 35 40-100 2:1 3.44
*All experiments were performed using Sadri rice grains.
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Fig. 1. Effects of temperature, size of particles, volume ratio of methanol : chloroform and
extraction time on the extraction yield. In all of the extractions 0.25 g of the sample and
6 mL of the solvent were used.

TABLE-3
ANOVA TABLE OF THE EXPERIMENTS (AT 90% CONFIDENCE)

Source of variance Sum of squares Degree of freedom  Mean square F value
Temperature 34 2 1.72 25.57
Size of grains 2.15 2 107 15.29
Solvent ; 0.16 2 0.08 .14

. Extraction time 0.15 2 0.07 ]
Pooled error 0.15 2 0.07 I
Total 5.89 8

“chﬁcul =9.00



62 Babaeietal. i e o vt Asian J. Chem.

~ The analysis of variance (ANOVA) of the results is shown in Table-3. The
results indicate that, with a confidence level of 90%, the extraction time and the
chloroform : methanol ratio had no sngmﬁcam effects on the recovery percentage

of fatty acids. - : :
The ANOVA results of thus expenment indicate that the temperature and size

of grains play an important role in the extraction of fatty acids. Temperature is
an important factor contributing to all extraction techniques. When extraction is
conducted in the closed vessel (high pressure), temperature may reach well above
the boiling point of the solvent. Such high temperatures result in improved
extraction efficiencies since desorption of analytes from active sites will increase.
Additionally, solvents have higher capacity to solubilize analytes at higher
temperatures whnle surface tension and solvent viscosity decrease with tempera-
ture, which will improve sample wetting and matrix penetration, respectnvely
Therefore, in classical methods better extraction was achieved at a higher
temperawrezzn The critical poinfté”of these experiments was the reduction of
extraction time in comparison to conventional Soxhlet extraction that refers to an
increase in the pressure of the extraction and an increase in the temperature to
higher than boiling point of the extracting solvent in the closed vessel?.
Moreover, in this method, the volume of extraction solvent was decreased as
compared to the conventionai extraction methods, such as Soxhlet (6 mL in
comparison with at least 250 ml. for Soxhlet extraction).

Under optimum conditions, in the presence of ultrasonic waves with frequency
range of 28-34 KHz, the extraction of fatty acids was done to determine the effect
of ultrasonic waves on the rate of extraction. Extraction of fatty acids in the
presence of ultrasonic waves was completed in 5 min. The reduced time of
extraction depends on a complex system of physical and chemical reactions called
acoustic cavitations, which produce a high energy and a high contact between
solvent and solute!’. In addition, the rate of extraction of fatty acids increases
since ultrasonic waves increase the rate of stirring of solution. It is clear that the
extraction rate will be higher if the mixture is shaken as compared to a motionless
mixture. The reason for the low extraction rate in the motionless method can be
due to the formation of a saturated layer of extracted materials around the
material. This phenomenon can slow down the extraction rate of materials. The
mechanical or ultrasonic stirring removes this layer from the surroundings of the
particles of rice grains and thus the particles in contact with fresh solvent will
result in a higher extraction rate. Moreover, the LSE is based on the diffusion
process and increasing the temperature will increase this physical property.

The results of extraction of fatty acids of four types of Iranian rice under the
optimum conditions are tabulated in Table-4. For determination of fatty acid each
experiment was repeated 3 times at optimum conditions and the value of per cent
relative standard deviation (% RSD) for total free acids that is an indicator for
reproducibility was reported. The process of extraction was repeated and we did
not observe any fatty acid in extracted sample. This indicate all of the fatty acids
were extracted and there is no residue of fatty acids in our samples.
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TABLE-4
FREE FATTY ACID COMPOSHTION OF SOME VARIETIES OF IRANIAN RICE

Concentration of free fatty acids in rice grain (mg/g) Total
amountof | RSD
fatty acid (%)

. Cign Cia.

variety Cis Cigo Ciza 18:2 18:3 (%)
Fajr 244 031 6.46 6.27 060 | "1.61 9.17
Neda 1.77 019 330 4.18 0.43 0.9 3.14
Sahel . 224 047 441 . 527 0.66 131 1. 496
Neamat 2.00 0.31 391 4.37 0.68 1.13 16.83

‘Relative standard deviation based on three replicate measurements.

. As indicated in Table—4 most of the fatty acids that are observed in Iranian
rice include Cyg.0, Cyg:10 Cig:2. Since the most important fatty acids in human body
are Cyg.1, Cyg.2, then the consumption of rice could compensate the poverty of the
fatty acid in the human body. Fajr rice is the richest rice among the 4 types of
Iranian rice. If we suppose the amount of fatty acids in rice is an indicator for
the quality of rice then Fajr rice is the best.

Conclusions

In the present study, the effects of four experimental parameters (temperature,
size of grains, extraction time and ratio of methanol to chloroform) on the
extraction recovery of fatty acids from four varieties of Iranian rice were studied.
The use of an experimental design approach allowed the selection of the best
experimental conditions for the SLE of fatty acids in closed vessel from rice grains
inside the experimental domain considered.

The ANOVA results identified temperature as a significant factor. In particular,
it was found that an increase in the extraction temperature from 65 to 85°C
enhances the extractability of fatty acids from rice grains.

In the presence of ultrasonic waves, extraction time was reduced to 5 min.
Also, among the four varieties of Iranian rice, Neda has the best quality due to
its free fatty acid contents.
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