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Abstract−The selectivity of gamma-oryzanol (γ-oryzanol) was recognized by molecularly imprinted polymer (MIP).

Polymeric materials were successfully synthesized via thermal polymerization method using γ-oryzanol as template,

anacardic acid (AnAc) as functional monomer, toluene as porogen, benzoyl peroxide (BPO) as initiator and divinylben-

zene as crosslinker. Binding performance of MIPs was evaluated by MINITAP 14 for variance of analysis, linear re-

gression analysis and adequating model through full factorial experimental technique in terms of adsorption capacity.

Analysis of variance with 95% confidence level suggested significant interaction effect (amounts of template, porogen,

crosslinker) on adsorption capacity of MIPs. The strongest interaction is between the amount of porogen and the amount

of crosslinker. It was also found that a linear regression model for adsorption capacity represents the experimental data

with the correlation coefficients (R2) greater than 0.9. The MIP synthesis with 0.8 mmol of template, 6 ml of porogen

and 10 ml of crosslinker provided the highest adsorption capacity of MIP (1.14 mg/g-adsorbent). The proposed method

is relatively rapid and easy to perform for the separation of γ-oryzanol in non-aqueous systems.

Key words: Analysis of Variance, Molecularly Imprinted Polymer, Molecular Recognition, Gamma-oryzanol, Anacardic
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INTRODUCTION

γ-Oryzanol has been used in various fields for several decades.

It is a naturally occurring mixture of ferulate, esterified with sterols

or triterpene alcohols. The most important properties of γ-oryzanol

have been shown to be able to reduce cholesterol absorption [1]. It

is appropriate for the treatment of the inflammatory process and it

can inhibit linoleic acid and cholesterol oxidation. In addition, it is

insoluble in water and a potential antioxidant for the food, pharma-

ceutical and cosmetic industries [2]. Due to its antioxidant effects,

γ-oryzanol may also be effective at inhibiting certain cancers. Sev-

eral preliminary studies on animals have shown that γ-oryzanol may

help inhibit tumor cell growth. However, more tests on humans are

needed to study the effect of γ-oryzanol as an anticancer agent [3,4].

γ-Oryzanol can be found in rice bran [5], wheat bran, rye bran

[6], and rice bran oil [7]. Rice bran oil is one of the richest sources

of γ-oryzanol. The beneficial effects of γ-oryzanol on human health

have generated global interest in developing facile methods for its

separation from natural sources such as rice bran oil [8]. Various

extraction techniques have been applied to γ-oryzanol in rice bran

oil such as liquid-liquid extraction, solid phase extraction, super-

critical fluid extraction and direct solvent extraction [9-12].

Molecularly imprinting polymer (MIP), an alternative extraction

method, is simple, rapid and economical [13]. It has been success-

fully demonstrated in many applications such as chiral molecule

isolation, biosensor and biochemical isolation [14-16]. A molecu-

larly imprinted polymer can be obtained by radical polymerization

of a mixture of functional monomers, porogen and crosslinker in

the presence of a template. The imprinted polymer is a rigid poly-

mer with the print molecule embedded in it. The removal of the

template results in binding sites with complementary size, shape and

functionality to the template [17]. MIP is a tool for the preparation

of polymeric materials with high selectivity of specificity interac-

tion. The synthesis of MIP involves several steps as follows: (1)

self organizing between template and monomer; (2) polymeriza-

tion by adding crosslinker to form a polymer network; (3) removal

of the template via extraction with appropriate method. The result-

ing polymer, therefore, holds molecular recognition capability due

to the specific imprinted sites. It will selectively adsorb molecules

that resemble the template molecule. The specific interactions between

the functional monomer and the template can be either covalent or

non-covalent. The former requires chemical extraction in order to

remove template molecules, while physical extraction is sufficient

for the latter [18]. There are many types of interactions such as elec-

trostatic interaction, π-π bonding, hydrophobic interaction and hy-

drogen bonding [18]. In general, hydrogen bonding is a strong inter-

action of non-covalent type playing a significant role on adsorption

of MIP’s.

Anacardic acid (AnAc) is a major constituent (about 90%) of

cashew nut shell liquid (CNSL), a by-product from the cashew in-

dustry [19,20]. CNSL can be extracted from cashew nut shell by

different methods such as roasting, solvent extraction, or mechani-

cal extraction. It is often considered as one of the natural sources of

phenolic compounds used as raw materials to produce friction lin-

ings, paints, vanishing paints, laminating resins, rubber compound-

ing resins, polyurethane based polymers, surfactants, epoxy resins,

etc [21]. In nature, CNSL consists mainly of AnAc, cardanol, cardol

and 2-methyl cardol. Different extraction and purification techniques

of AnAc have been proposed [22-25]. Due to the molecular struc-
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ture and functional groups, AnAc is considered a cheap and renew-

able monomer potentially useful for polymer production [26,27].

Amongst various applications of MIP reported in literature, sta-

tistical analysis has not been used to analyze the interaction effects

of synthesis conditions such as template, porogen, crosslinker, etc.

In the present work, we synthesized MIP in a particle format using

γ-oryzanol as a template and studied the binding characteristics to-

wards γ-oryzanol with AnAc as the functional monomer. Full facto-

rial technique was used in experimental design. Analysis of vari-

ance was used to determine the effect of different parameters on

adsorption capacity. Regression analysis was used to estimate the

adsorption capacity. In addition, it can simultaneously determine an

adequating model of the MIP. Parameters of this work are amount

of template (γ-oryzanol), amount of porogen (toluene) and amount

of crosslinker (divinylbenzene). The ability of the imprinting poly-

mer was compared to a non-imprinted material (NIP).

EXPERIMENTAL SECTION

1. Materials

γ-Oryzanol (98% purity) was obtained from Connell Bros. Co.,

Ltd. (Bangkok, Thailand). Divinylbenzene (DVB) was purchased

from Sigma-Aldrich. Benzoyl Peroxide (BPO) was purchased from

Sandreac. Toluene was purchased from Merck. Acetronitrile was

purchased from LabScan (Bangkok, Thailand). Ethanol was pur-

chased from Merck. All chemical reagents were analytical grade

or better and were used without further purification. The structure of

γ-oryzanol and AnAc is illustrated in Fig. 1 and Fig. 2, respectively.

2. Preparation of Anacardic Acid

The method for synthesizing of AnAc was adapted from [27].

Fresh and dry cashew nut shells were obtained from Methee Phuket

Co., Ltd. (Bangkok, Thailand). Pretreatment processes including

washing and sun drying were performed to reduce field contami-

nants. Size reduction of the shells was carried out to make the ex-

traction process more efficient. While kept in the dark, the shell pieces

(125 g) were dissolved in ethanol (1,000 ml) at room temperature

for 1 h; thereafter the solution was filtered. The clear solution was

reacted with Ca(OH)2 (31.25 g) at 50 oC for 3 h. The calcium anacar-

date cake obtained was vacuum filtered and washed thoroughly with

ethanol. The wet cake (62.5 g) was dried in an oven at 50 oC for

2 h. After that, the cake was added into a beaker containing a mix-

ture of excess 37%HCl (68.125 ml), ethylacetate (350 ml) and deion-

ized water (250 ml) followed by stirring at room temperature for

1 h. The organic phase was dried over sodiumsulfate anhydrous

and concentrated using a rotary evaporator at 40 oC to obtain AnAc.

3. Preparation of the MIP

The method for synthesizing MIP particles was adapted from

[28]. Table 1 shows the amounts of the template molecule, func-

tional monomer, porogen, crosslinker and initiator used for the prep-

aration of MIP1-12 and non-imprinted polymer (NIP). γ-Oryzanol

was used as the template with AnAc as the functional monomer

and DVB as crosslinker. The porogen that was tested was toluene.

BPO served as the radical initiator for the polymerization. The com-

position of the imprinted polymer was as follows 0.4 mmol, 0.6

mmol or 0.8 mmol of γ-oryzanol; 4 mmol of AnAc; 5 ml or 10 ml

of DVB, 3 ml or 6 ml of the toluene; and 2 mmol of BPO. After

mixing the template, monomers, initiator, crosslinker and porogen

in a 50 ml round-bottom flask, the pre-polymerization solutions were

stirred with a magnetic stirrer for 5 min. Then, the solution was purged

with nitrogen gas for 8 min. The container was sealed and placed

in a water bath at 60 oC for 48 h. NIP was also prepared the same

way without the addition of the template to the polymer mixture.

After polymerization, the rigid polymer was crushed into powder

and screened with mesh size 140-200, which corresponds to 75-

106µm. The particles were washed by acetonitrile five times. The

template was extracted by soxhlet extraction at a temperature of

115 oC with acetonitrile as the extraction solvent. The removal pro-

cess was performed until γ-oryzanol could no longer be detected in

extracted samples of the MIP.

Fig. 1. Structure of γ-oryzanol.

Fig. 2. Structure of major component in anacardic acid.

Table 1. The amount of functional monomer, template molecule,
crosslinker, porogen and initiator used for the prepara-
tion of M1-12 and N

Entry

Functional

monomer

(mmol)

Template

molecule

(mmol)

Crosslinker

(ml)

Porogen

(ml)

Initiator

(mmol)

M1 4 0.8 05 3 2

M2 4 0.8 05 6 2

M3 4 0.8 10 3 2

M4 4 0.8 10 6 2

M5 4 0.6 05 3 2

M6 4 0.6 05 6 2

M7 4 0.6 10 3 2

M8 4 0.6 10 6 2

M9 4 0.4 05 3 2

M10 4 0.4 05 6 2

M11 4 0.4 10 3 2

M12 4 0.4 10 6 2

N 4 - 05 3 2



Synthesis of molecularly imprinted polymers from AnAc for the separation of γ-oryzanol 1281

Korean J. Chem. Eng.(Vol. 29, No. 9)

4. Binding Test

250 mg of the dried imprinted or the dried non-imprinted parti-

cles was incubated with 10 ml of 0.05 mg/ml γ-oryzanol in aceto-

nitrile and placed in a sonicator at 25 oC for a period of time ranging

from 4 h to 24 h. The samples were analyzed by UV-VIS spectro-

photometer at 315 nm. The amount of γ-oryzanol bound to MIP, n,

was calculated by subtracting the amount in the solution after each

period of time from the initial γ-oryzanol concentration. The bind-

ing process was repeated one time.

5. Quantitative Analysis of γ-Oryzanol Content

γ-Oryzanol content in the sample was determined spectrophoto-

metrically (2100 series UV-VIS spectrophotometer, UNICO, USA).

The calibration curve was obtained with pure γ-oryzanol in the con-

centration range 0.01-0.05 mg/ml [29]. In this range, absorption

obeys Beer’s law and the calibration curve obtained at 315 nm [11]

is a straight line passing through the origin (R2=0.9997), and the

slope represents the specific coefficient (E(315 nm)=28.16 g−1 L cm−1).

6. Experimental Design and Analysis

A series of experimental conditions for synthesis of MIP was

designed in order to determine the effect of different parameters on

adsorption capacity. A design of full factorial experiments was used to

study the effects of the amount of template (t), the amount of porogen

(p) and the amount of crosslinker (c) on adsorption capacity towards

γ-oryzanol as shown in Table 1. Analysis of variance was used to

interpret results of adsorption capacity for MIPs in order to categorize

main and interaction effects. In general, either too much of tem-

plate molecules or porogen or too little of initiator can negatively

affect the formation of MIP, resulting in gel or liquid phase. Prelimi-

nary experiments (with 0.8 mmol of template, 3-6 ml of porogen,

and 5 ml of crosslinker) showed that the polymerization of MIP

was incomplete for the amount of initiator of less than 2 mmol. After

that, we varied the amount of template from 0.4-0.8 mmol while

other variables were fixed (3-6 ml of porogen, 5 ml of crosslinker,

2 mmol of initiator). It was found that 0.8 mmol of template was

the maximum amount for successful synthesis of MIP. Therefore,

the limits of different parameters were chosen as shown in Table 1.

This work employed MINITAP 14, which is the statistical soft-

ware for analyzing data to check the effect and interaction of several

parameters in the response of an experimental system. Statistical

analysis of our experimental results involved hypothesis testing, which

can be performed by analyzing the value of F-score for a certain

significance level (α). If the value of the test statistic is unlikely,

then the null hypothesis is rejected. More details on hypothesis testing

can be found elsewhere [30,31]. MINITAP software also provides

the p-value, another test statistic, which can be used to determine

whether the main hypothesis is accepted. If the p-value is less than

the significance level (α), then we reject the null hypothesis. On

the other hand, if the p-value is larger than the significance level

(α), then the null hypothesis is accepted.

RESULTS AND DISCUSSION

1. Evaluation of the Specificity of MIP

The specific binding of the MIPs and NIP was evaluated in terms

of its ability towards γ-oryzanol. Specific interactions of γ-oryzanol

were considered from the imprinting capacity [13]. Non-specific

interactions can be estimated by measuring the binding to non-im-

printed polymer, which is also present in the NIP [32]. MIPs and

NIP were incubated with γ-oryzanol solution for different periods

of time up to 13 h. The percentage by mole of γ-oryzanol bound to

the imprinted polymer was compared to a non-imprinted material

as a function of time, as shown in Fig. 3.

Fig. 3. shows that γ-oryzanol is bound to both imprinted and non-

imprinted polymer. However, the percentage of γ-oryzanol bound

to imprinted polymer is greater than that bound to γ-oryzanol. Ad-

sorption rates were fast in the first 4 h and they later slowed down.

One can speculate that γ-oryzanol binds to polymeric material in a

period of time 0-4 h due to the effect of pores from porogen and

eluting template at the polymer surface. After that, MIPs tend to

increase while NIP does not change with time, because MIPs have

active sites from eluting template, but NIP does not have any active

sites.

The amount of template for each experiment was varied while

the other experimental parameters, e.g., amount of divinylbenzene,

toluene, were fixed. The percentage of γ-oryzanol bound to MIPs

was plotted against incubation time; additionally, the results obtained

using MIPs were compared with those using NIP. The percentage

deviations (based on NIP) were 18.9%, 35.1% and 62.2%, when

the amount of template was 0.4, 0.6 and 0.8 mmol (M5, M9 and

Fig. 3. Percentage of γ-oryzanol bound to polymeric material as a
function of incubation time of the polymeric material with
γ-oryzanol in acetonitrile.

Fig. 4. Adsorption capacity of γ-oryzanol from the imprinted poly-
mer test (M) and the non-imprinted polymer test (N); for
sample codes in the x-axis refer to table 1.
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M1), respectively. This may indicate that MIP particles show a certain

degree of specificity for γ-oryzanol.

2. MIP as Adsorbent for Soxhlet Extraction Clean-up

The adsorption capacity of γ-oryzanol in each sample is found

in Fig. 4. In the figure, all conditions are saturated adsorption. MIPs

synthesized with 10 ml of crosslinker required much time to achieve

equilibrium. Due to the excess amount of crosslinker, the MIP be-

comes more and more rigid, and MIP pores are not flexible [33];

all of these factors result in an increased MIP equilibration time.

In addition to certain amounts of monomer and initiator, the a-

mount of template, porogen and crosslinker used will affect the con-

centration prior to the formation of MIP. The morphology of MIP

synthesized with different formulae directly affects the adsorption

performance. The adsorption capacity of the obtained MIP for γ-

oryzanol was found to increase with increasing the amount of tem-

plate. MIP for γ-oryzanol was prepared for many cases, e.g., differ-

ent amount of porogen and crosslinker. For 0.8 mmol of amount of

template, it appears that 3 ml of porogen (M1) provided better ad-

sorption performance compared to 6 ml of porogen (M2). How-

ever, for M3 and M4, 6 ml of porogen for MIP synthesis yielded

slightly better adsorption capacity compared to that of 3 ml of poro-

gen (M3). It can be speculated that there is a strong interaction effect

between the amount of porogen and crosslinker, which can be proved

by an analysis of variance. However, when the used volume of DVB

is below 5 ml, the volume of toluene can have a significant effect

on the adsorption capacity. Furthermore, when the used amount of

crosslinker is above 10 ml, the amount of porogen has little effect

on the adsorption capacity. It can be seen that when the amount of

porogen is 6 ml and the amount of crosslinker is 5 ml, the adsorp-

tion capacity will be less than that of N with 3 ml of porogen (and

same amount of crosslinker) since a higher porogen volume would

dilute the solution and thus cause imprinted sites to have more de-

fects [34].

To interpret the experimental results, MINITAP 14 was used to

calculate an adequating model, variance of analysis and linear regres-

sion analysis in amount of template, amount of porogen and amount

of crosslinker. A full factorial experiment technique was performed.

3. The Normality Assumption

A check of the normality assumption could be made via a normal

probability plot. When the histogram of the residuals lies on a straight

line, this data will have a normal distribution [30]. In visualizing

the straight line, we place more emphasis on the central values of

the plot than on the extremes.

The normal probability plot is shown in Fig. 5. The general im-

pression from examining the data distribution is that it is approxi-

mately normal. The tendency of the normal probability plot looks

fairly straight, which implies that the largest residuals are not very

large. In addition, a straight line can be fit to the points and added

as a reference line. The further the points vary from this line, the

greater the indication of departures from normality.

4. Plot of Residuals Versus Fitted Values

Residuals are estimated of experimental error and examination

of the residuals is a key part of all statistical modeling. When the

model is adequate, the residuals should be structureless [30]. In visu-

alizing a structureless distribution, data is distributed with a mean

of zero.

The relative of residuals versus fitted value is shown in Fig. 6. It

shows that the usual structure is apparent because the mean of error

is zero and the variance of error is constant. Specifically, these as-

sumptions are that the observations are adequately described by in-

dependent errors. In any case, transformation brings the residuals

distribution closer to normal.

5. Analysis of Variance of Adsorption Capacity

Statistical tests for equality of variance on full factorial tech-

nique have also been proposed to study the main effect and interac-

tion effect of parameters in the system. These tests may be viewed as

formal tests of the following hypotheses [30]:

H
0: the average adsorption capacity (µ) for all level are same (µ1=

µ2=µ3=µ4; µi)

H1: the above hypothesis is not true for at least one µi

The adsorption capacities for twelve separate experiments of MIP

adsorption were analyzed by analysis of variance (ANOVA) to inves-

tigate the variances of response (adsorption capacity, y). Each experi-

ment was repeated one time.

The variance analysis in Table 2 looks at the factors affecting

adsorption capacity. It must analyze the interaction effect before

the main effect. On a 95% confidence interval, ANOVA finds that

the F-values of t*p, t*c and p*c are 6.54, 4.87 and 160.67, respec-

tively, and the p-value of less than significance level (0.05) indi-

cates that we can reject the null hypothesis (H0, a particular factor

has no effect on adsorption capacity of MIP); in other words, the

interaction effects of t*p, t*c and p*c are highly significant [35].
Fig. 5. Normal probability plot of residuals (response is adsorp-

tion capacity).

Fig. 6. Plot of residuals versus fitted value (response is adsorption
capacity).
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The impact of experimental parameters on adsorption capacity can

be identified by the p-value; a smaller p-value means a stronger im-

pact on the response.

6. Interaction Effect on Adsorption Capacity

The equilibrium adsorption capacity was determined at 25 oC

for each synthesized MIP. Results were translated into variance of

analysis (Table 2). The interaction effect was then analyzed accord-

ing to p-values. Fig. 7 shows the adsorption capacity as a function

of amount of crosslinker for different amounts of porogen. It can

be seen that when the amount of porogen is increased, the adsorption

capacity will increase through appropriate with amount of crosslinker.

Adsorption capacity will decrease when the amount of crosslinker

is increased beyond a certain point [33]. For 3 ml of porogen, the

adsorption capacity decreased if more than 5 ml of crosslinker was

added. For 6 ml of porogen, the adsorption capacity increased very

sharply as the amount of crosslinker was increased from 5 to 10 ml.

A high porogen volume (with 5 ml of crosslinker) resulted in the

dilution of solution and caused imprinted sites to have more defects

[34]. Therefore, the adsorption effectiveness of the obtained MIP

for γ-oryzanol increased with optimal amount of porogen and cross-

linker. The interaction effect for different amounts of template and

porogen is shown in Fig. 8. The adsorption capacity increased with

increasing amount of template as the AnAc-to-γ-oryzanol molar

ratio was increased from 4 : 0.4 to 4 : 0.8 at the amount of porogen

3-6 ml. This is because the amount of template molecules is directly

related to the amount of imprinted sites. The adsorption capacity of

porogen at 6 ml is less than that at 3 ml because the amount of poro-

gen of 6 ml with 5 ml of crosslinker will dilute the solution. In Fig.

8, for 3 ml of porogen, adsorption capacity increased sharply for

0.4 to 0.6 mmol template molecule and then increased slightly from

0.6 to 0.8 mmol. This indicates that less amount of template at low

porogen volume has a greater impact on adsorption capacity than a

high porogen volume. The effect of interaction factors between the

amount of template and the crosslinker is neglected in this paper,

since adsorption capacity is minimally affected in that regard com-

pared with the aforementioned factors.

7. Linear Regression Analysis

Regression model fitting was performed, and the statistical model

of full factorial design is linear. Data were analyzed by multiple linear

regression analysis. The relationship between the adsorption capac-

ity and the test variables in coded factor was calculated according

to Eq. (1).

Y=1.51+0.500 t−0.274 p−0.142 c+0.0900 t*c

Y=+0.0384 p*c+0.017 p*t−0.0167 p*t*c (1)

where Y (mg/g-adsorbent) represents the adsorption capacity, t (mmol)

is the amount of template, p (ml) is the amount of porogen, and c

(ml) is the amount of crosslinker. Variance analysis was used to es-

Table 2. Variance analysis of adsorption capacity

Source Degree of freedom Sum of squares Mean square F-value Prob>F (p-value)

Amount of template (t), mmol 02 0.312133 0.156067 097.54 0.000

Amount of porogen (p), ml 01 0.141067 0.141067 088.17 0.000

Amount of crosslink (c), ml 01 0.240000 0.240000 150.00 0.000

t*p 02 0.020933 0.010467 006.54 0.012

t*c 02 0.015600 0.007800 004.87 0.028

p*c 01 0.273067 0.273067 160.67 0.000

t*p*c 02 0.014533 0.007267 004.54 0.034

Error 12 0.019200 0.001600

Total 23 1.036533

Fig. 8. Interaction plot (data means) for adsorption capacity with
different amounts of template and porogen.

Fig. 7. Interaction plot (data means) for adsorption capacity at dif-
ference amount of crosslinker and porogen.
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timate the regression coefficient. The correlation between adsorp-

tion capacity and experimental parameters has an F-value of 37.47,

implying that the model is significant. R2 of this model is 91.7%; in

this case the model can be considered accurate. Therefore, it is rea-

sonable to apply this model for the prediction of adsorption capacity.

All of coefficients have been estimated using data from twenty-

four experiments. As shown in the proposed model, the term t has

the largest coefficient; in other words, t has the strongest effect on

adsorption capacity. Increasing the amount of template results in

the higher adsorption capacity of obtained MIP. It is noted that the

values of p and c must also be optimized in order to obtain high

adsorption capacity.

According to response optimization using Eq. (1), the optimal

amounts of template, porogen and crosslinker are 0.8 mmol, 3 ml

and 10 ml (M3), respectively. However, experimental results showed

that M4 (0.8 mmol of template, 6 ml of porogen, 10 ml of cross-

linker) has the highest adsorption capacity. This slight contrast in

terms of the amount of porogen at the optimum condition is be-

cause these two preparation conditions yielded MIPs of compara-

ble adsorption capacity with the difference of only 1.7%.

CONCLUSION

The experimental results in this work have shown that MIP parti-

cles prepared by the thermal polymerization method using toluene

as porogen, AnAc as functional monomer, BPO as initiator and DVB

as crosslinker clearly recognize property for γ-oryzanol. The bind-

ing characteristic shows a certain degree of specificity for γ-oryza-

nol. However, an analysis of variance with a 95% confidence level

suggests that the interaction effect of the amount of porogen and

crosslinker, the amount of template and porogen and the amount of

template and crosslinker have great influence on the adsorption capac-

ity for γ-oryzanol. The highest adsorption capacity of MIP was 1.14

mg/g-adsorbent, prepared by using 0.8 mmol of template, 6 ml of

porogen and 10 ml of crosslinker. Full factorial design, including

the three main factors (t, p and c), was used to predict the adsorp-

tion capacity. The linear regression coefficient was as high as 0.917

in the MIP sorbent prepared by γ-oryzanol. The selectivity of molec-

ularly imprinted polymer prepared in this work is an attractive feature

for further investigation.

ACKNOWLEDGEMENTS

The authors wish to thank Cornell Brother Co. (Thailand), Ltd.

for support of purified γ-oryzanol. Financial support from the National

Center of Excellence for Petroleum, Petrochemicals and Advanced

Materials (Kasetsart University, Bangkok) and Kasetsart University

Research and Development Institute (KURDI) through the Spe-

cialty Research Unit: Cleaner Technology and Waste Utilization is

greatly appreciated.

REFERENCES

1. A. F. Cicero and A. Gaddi, Phytother. Res., 15, 277 (2001).

2. S. Lilitchan, C. Tangprawat, K. Aryusuk, S. Krisnangkura, S. Chok-

moh and K. Krisnangkura, Food Chem., 106, 752 (2008).

3. T. Tanaka, T. Kojima, T. Kawamori, A. Wang, M. Suzui, K. Oka-

moto and H. Mori, Carcinogenesis, 14, 1321 (1993).

4. M. Asanoma, K. Takahashi, M. Miyabi, K. Yamamoto, N. Yoshimi,

H. Mori and Y. Kawazoe, Carcinogenesis, 15, 2069 (1994).

5. Z. Xu and J. S. Godber, J. Am. Oil Chem. Soc., 78, 645 (2001).

6. L. Nystrom, M. Makinen, A. M. Lampi and V. Piironen, J. Agric.

Food Chem., 53, 2503 (2005).

7. R. Bucci, A. D. Magri, A. L. Magri and F. Marini, Anal. Bioanal.

Chem., 375, 1254 (2003).

8. M. Patel and S. N. Naik, J. Sci. Ind. Res., 63, 569 (2004).

9. M. H. Chen and C. J. Bergman, J. Food Compos. Anal., 18, 319

(2005).

10. W. Hu, J. H. Wells, T. S. Shin and J. S. Godbe, J. Am. Oil Chem. Soc.,

73, 1653 (1996).

11. S. P. Jesus, R. Grimaldi and H. Hense, J. Supercrit. Fluids, 55, 149

(2010).

12. Z. Xu and J. S. Godber, J. Am. Oil Chem. Soc., 77, 547 (2000).

13. M. D. Celiz, S. A. Diana and L. A. Colon, Microchem. J., 92, 174

(2009).

14. M. Quaglia, E. D. Lorenzi, C. Sulitzky, G. Massolini and B. Seller-

gren, Analyst, 126, 1495 (2001).

15. B. S. Ebarvia, C. A. Binag and F. Sevilla, Anal. Bioanal. Chem., 378,

1331 (2004).

16. M. Zhang, J. Xie, Q. Zhao, G. Chen and Z. Liu, J. Chromatogr. A,

984, 173 (2003).

17. A. H. Wu and M. J. Syu, Biosen. Bioelec., 21, 2345 (2006).

18. E. Caro, N. Masque, R. M. Marce, F. Borrull, P. A. G. Cormack and

D. C. Sherrington, J. Chromatogr. A, 963, 169 (2002).

19. K. S. Nagabhushana, S. V. Shobhaand B. Ravindranath, J. Nat.

Prod., 58, 807 (1995).

20. S. K. Suresh, T. H. P. John, D. Aziz and J. A. R. Johnson, LIPIDS,

21, 241 (1986).

21. A. R. R. Menon, C. K. S. Pillai, J. D. Sudha and A. G. Mathew, J.

Sci. Ind. Res., 44, 324 (1985).

22. J. H. P. Tyman, Chem. Soc. Rev., 4, 499 (1979).

23. R. Paramashivappa, P. P. Kumar, P. J. Vithayathil and R. A. Srini-

vasa, J. Agric. Food. Chem., 49, 2548 (2001).

24. K. S. Nagabhushana and B. Ravindranath, J. Agric. Food Chem.,

43, 2381 (1995).

25. K. Tsunetaro and K. Mitsuo, Separation and purification of anacardic

acids using anion-exchange resin, Japanese Patent JP1995000062290

(1995).

26. H. P. Bhunia, G. B. Nando, T. K. Chaki, A. Basak, S. Lenka and P. L.

Nayak, Eur. Polym. J., 35, 1381 (1999).

27. J. Y. N. Philip, B. Joseph, L. M. Lupituko and L. Ye, Food Chem.,

55, 8870 (2007).

28. Y. Liu, K. Hoshina and J. Haginaka, Talanta, 1713 (2010).

29. S. Zullaikah, E. Melwita and Y. H. Ju, Bioresour. Technol., 100, 299

(2009).

30. D. C. Montgomery, Design and analysis of experiments, 7th Ed., John

Wiley & Sons, Inc. (2009).

31. S. M. C. Pereira and G. Leslie, Aust. Crit. Care, 22, 187 (2009).

32. H. Kempe and M. Kempe, Anal. Chem., 78, 3659 (2006).

33. J. Wang, R. Guo, C. Jiping, Q. Zhang and X. Liang, Anal. Chim.

Acta, 540, 307 (2005).

34. X. Song, J. Wang and J. Zhu, Mater. Res., 12, 299 (2009).

35. S. T. Hsu, L. C. Chen, C. C. Lee, T. C. Pan, B. X. You and Q. F. Yan,

J. Hazard. Mater., 171, 465 (2009).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


