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ABSTRACT
The extraction of cashew nut shell liquid (CNSL) was investigated using five solvents

(water, water-methanol mixture, acetone, methanol and hexane) under different extraction
conditions. Effects of process parameters such as extraction cycle, pressure, solvent vol-
ume and extraction duration were investigated.

The best yields of extraction (51.7%) were obtained with water-methanol mixture by using
an accelerated solvent extractor (ASE) under pressure at 100 bars. The extraction obtained
with water at atmospheric pressure was close to ASE extraction (49.8%). However, the
composition of CNSL varied among these different operating conditions. Chemical com-
position of the extracted oil by ASE or by atmospheric pressure extraction showed minor
difference in their composition. The quality of the analyzed extracts was almost equal in
cardol, cardanol, anacardol and anacardic acid contents.

Key words: cashew nut shell liquid extraction, solvent effect, High Performance Liquid
Chromatography-UV, GC-MS Chromatography
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1. INTRODUCTION

Cashew (Anacardium occidentale 1.) is an indig-
enous tree of Brazil and grows well in some
tropical countries in Asia and Africa (Assuncao
and Mercadante, 2003; Michodjehoun-Mestres et
al., 2009; Shobha et al., 1992).

Cashew nut comprises the shell and the kernel.
While the kernel is nutritionally valuable, the shell
which represents around 50 % wt. of the cashew
kernel (Rodrigues et al., 2006) has been considered
as residue of cashew nut production, which may be
an environmental problem if it is not handled

properly.

Cashew nut shell is the by-product of the cashew
industry. Cashew nut shell contains a dark reddish
brown viscous liquid called cashew nut shell liquid
(CNSL). CNSL consists of unsaturated phenolic
compounds as anacardic acid (90%) and cardol
(10%) with minor amounts of 2-methyl cardol and
cardanol (Patel et al., 2006). CNSL is extracted
from Cashew nut shell by different methods like
roasting, hot oil process, screw pressing, solvent
extraction and super critical carbon dioxide extrac-
tion. CNSL obtained by cold extraction is consid-
ered as natural CNSL and when it is extracted by
hot extraction, it is denominated as technical
CNSL.

CNSL extracts contains anacardic acid (60-65%),
cardol (15-20%), cardanol (10%) and traces of me-
thyl-cardol. Technical CNSL contains mainly car-
danol (60-65%), cardol (15-20%) and traces of me-
thyl-cardol (Mazzetto et al., 2009).

CNSL is a versatile raw material and has many in-
dustrial applications with 200 patents. The most
important use of CNSL is for the manufacture of
friction modifying material for brake lining, clutch
facing and industrial belting (Mwangi and Thi-
ong’o, 2013).

Extraction of CNSL is carried out by various meth-
ods that are discussed in detail in the literature. The

variability of composition depends on extraction
method but in general, the composition of natural
CNSL is a mixture of anacardic acid, cardanol,
cardol and 2-methyl-cardol in smaller quantities
(Rajesh et al., 2011).
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Fig 1. Structure of main components of CNSL
(Phani et al., 2002)

Various methods have been reported in literature
for the extraction of CNSL from CNS, which in-
cluded, open pan roasting, drum roasting, hot oil
roasting, cold extrusion, solvent extraction, etc.
CNSL solvent extraction methods are various, but
all require fairly large technical facilities and use
chemicals which are sometimes toxic and expensive
and under specific extraction conditions.

The extraction through vacuum pyrolysis has been
reported by Das et al. (2004) and Tsamba (2004).
The extraction of CNSL using supercritical carbon
dioxide (SC-CO2) has also been reported by Shob-
ha and Ravindranath (1991) and Smith et al. (2003).

The objective of this study was to simplify the ex-
traction of CNSL using an inexpensive solvent
(preferably water) to get an efficient and inexpen-
sive method of extraction that will be easy to set up
while guaranteeing a CNSL quality and extraction
yield comparable to already known solvents.
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2. MATERIALS AND METHODS

2.1. Materials

Cashew nut shell was purchased from "Agribusiness
Mali" located in Bamako, Mali and conditioned in a
room at 20°C and at a relative humidity of 66% for
more than 72 h in order to have a homogeneous bio-
mass. Extraction was performed without prior grind-
ing.

2.2. CNSL extraction with Accelerated Solvent
Extractor (ASE)

Five grams of raw cashew shell were placed in the
ASE extraction cell. Cell were purchased from Ther-
mo Scientific Dionex ASE; the model 150 Stainless
Steel Extraction Cell was used to perform CNS ex-
traction. The Cell volume is 10 mL and it is fitted
with end caps, seals, and O-rings.

ASE was programmed with a number of extraction
cycles per cell and the temperature was set according
to the solvent used.

The five extraction solvents used were distilled water,
hexane, methanol, acetone and a 50/50 (w/w) water-
methanol mixture. Three extraction cycles permitted
to extract the maximum amount of CNSL. Each ex-
traction cycle lasted 20 min. The extraction tempera-
tures on ASE have been regulated according to the
nature of the solvents, at certain temperatures some
solvents become volatiles. The setting temperatures
were as follows: 60°C for acetone, 120°C for hexane,
80°C for methanol, 100°C for water and 80°C for the
50/50 water-methanol mixture (w/w) and all extrac-
tions series were carried out under pressure at 100
bar. The volume of solvent injected per cell varied
according to the filling of the cell; on average 6 mL
of solvent were injected per cell. A tube was weighed
and placed on each cell in order to collect the CNSL.
An extraction program with 3 cycles of 20 min per
cell was used and the extracts were placed under a
hood to evaporate the residual solvents for 12 h then
dried in an oven at 70°C for 24 h, then weighed in
order to calculate extraction yields.

After CNSL extraction under pressure water (ASE),
the same protocol (described above) was applied with

water without pressure in order to compare the effect
of pressure on the efficiency and yield of the extrac-
tion. At the end of the extractions, the tube containing
the CNSL was collected then the solvent was evapo-
rated (under a hood) then dried in an oven at 70°C for
24 h to remove the humidity and the residual solvent
and then it was weighed to calculate the extraction
yield.

Mass cnsl

Extraction yield(%) = ( X h) x 100

Mass cns
Where h is humidity. Each extraction was performed
in triplicate.

2.3. CNSL extraction under atmospheric pressure
Five g of raw cashew shell were placed in a 500 mL
glass flask filled with 100 mL distilled water and the
whole was heated at 100°C for 2 h. These extractions
were carried out during 4 h in order to study the effect
of contact time on the extraction yield. Subsequently
the same extraction method was applied but by in-
creasing the volume of the solvent (water) to 200 mL
under the same conditions for 2 h in order to study the
efficiency of the extraction according to solvent vol-
ume.

At the end of the extractions, CNSL was recovered in
tubes after solvent evaporation in the hood and the
extracts were dried in an oven at 70°C for 24 h to re-
move the moisture and the residual solvent and they
were weighed to calculate the extraction yield.

2.4. CNSL extracts analysis

Phenol (D6) standards were purchased from Sigma-
Aldrich (Germany); Anacardic acid and Anacardol
standards were purchased from Santa Cruz Biotech-

nology (USA), and cardanol was purchased from Car-
bosynth (UK).

CNSL samples resulting from the various extractions
were analyzed by GC-MS and HPLC-UV in order to
characterize them and to evaluate the effects of the
extraction conditions on their composition. The stand-
ard solutions were prepared according to Table 1.
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Table 1. Preparation of standard solutions

. Final . . . .
CAS M (g/ Purity Mass Stock solution Calibration solutions
Molecules numbers mol) (%) (mg) V(Onll“Lr;‘e (&/L) (&/L)
Cardanol 37330-39-5 298.46 NA 218 10 21.8 1] 075 | 050 | 025 | 0.1
Anacardol 501-24-6 304.51 88 210 10 18.5 1] 075 | 050 | 025 | 0.1
Anic‘?rdic 16611-84-0 348.52 95 5 5 475 1] 075 | 050 | 025 | 0.1
cid
el sandrd (phenol D) 100 L s added
each 1 mL calibration solution. Samples were pre-
. . . Cardanol R2=0 967
pared with 50 mg of extracts (CNSL) dissolved in 10 Response Ratio :
mL of acetone then 1 mL was taken and 100 pL in- 0
0
ternal standard was added. ]
504
2.4.1. GC-MS analyses ]
The GC-MS analysis was carried out with an Agilent ]
6890N gas chromatograph coupled to an Agilent 0 —r
5975 mass spectrometer with a column DB1701 Ag- 0 0.5 1

ilent 60 m x 250 um x 0.25 um. The carrier gas was
helium with a flow rate of 1.9 mL/min. The gradient
was as follows: 100°C for 4 min then 5°C/min up to
270°C and a step of 30 min. The acquisition SCAN
mode was chosen with M/Z range [27-350]. The
chromatograms of each standard are overlaid (Fig. 4).
The 4 peaks of cardanol: (M / Z = 302) at 41.1 min,
(M / Z = 304) at 41.3 min (= anacardol), M / Z =
300) at 41.5 min and (M / Z = 298) at 41.6 min. Ana-
cardic acid appears the same peak as anacardol, prob-
ably due to its degradation in the injector (250°C).

Anacardol
Anacardic acid

35

28

Fig 2. Overlay of GC-MS chromatograms of standard
solutions

The 4 cardanol peaks are integrated together. The
area is divided by the area of the internal standard
and the calibration line is drawn (Fig 3).

Amount Ratio

Fig 3. Cardanol calibration line, integration of the 4
peaks in TIC (Ae / Aei = f concentration g /1))

2.4.2. HPLC-UYV analyses

HPLC-UV analysis were performed with Dionex
HPLC-System with autosampler 465. 2x Pump 420
and Degaser ERC 3512. HPLC-System was
equipped with a diode-array detector and a refrac-
tometer.

The injection conditions were as follows: a 25 cm x
4 mm C18 HPLC column (5 pm particle size and a
surface coverage of 3 pumol/m?) with an isocratic
ACN/H,0 + 1% CH;COOH 90/10 at a flow rate of
1.8 mL/min with a wavelength of 280 nm.

The same standards were injected. Peaks for carda-
nol, anacardic acid and anacardol were identified
(Fig. 4). When injecting a sample, other peaks ap-
peared and could be those of cardol. The calibration
lines for cardanol, anacardic acid and anacardol

were drawn (Fig. 5).
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Fig 4. Chromatogram of a sample and identification of compounds by HPLC-UV.
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Fig 5. Calibration curves in HPLC for (a) cardanol, (b) anacardic acid and (c) anacardol (A¢/Aci=f(concentration g/1.)

The samples were integrated (Fig. 4) and the concentrations were calculated (Fig. 5). The cardol concentra-

tion was calculated using the cardanol calibration curve.

The correlation coefficients calculated for all the compounds (cardanol, anacardol and anacardic acid) were

quite high with an average R*= 0.982.
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3. RESULTS AND DISCUSSION

3.1. CNSL extraction with Accelerated Solvent
Extractor (ASE)

Fig. 6 shows CNSL extraction using ASE with differ-
ent solvents.

Water-Methanol
—e— Water ASE
Methanol

Acetone

60.00

50.00

—e—Hexane

. 40,00

30.00

Yield (%

20.00

10.00

0.00

-10.00

Cycle

Fig 6. CNSL extraction by ASE according to sol-
vents and cycles

When extracting CNSL by ASE, different extraction
yields were obtained that varied depending on the

solvent used and the number of extraction cycles ap-
plied (Fig. 6).

After the first extraction cycle, the CNSL extraction
yields were as follows: 50.14% for the 50/50 (v/v)
water/methanol, 47.20% for water, 46.36% for meth-
anol, 39.86% for hexane and 39.10% for acetone.
The best CNSL extraction yield, 50.14%, was ob-
tained with the 50/50 (w/w) water/methanol mixture;
followed by water and methanol which have an aver-
age yield of 46% and the extraction yields for hexane
and acetone were similar at 39%.

The difference between the highest extraction yield
(50.14%) and the lowest (39.10%) was 11.04%. By
applying a second extraction cycle on the same sam-
ple, we obtained an additional extraction yield of
14.49% for water/methanol 50/50 (w/w), 10.85% for
water and 9.05% for methanol. Hexane and acetone
gave a light increase <1% of extraction yield in the
second cycle which showed ineffectiveness of hexane
and acetone on a sample that has already undergone a
first extraction.

This was due to the extraction of lipophilic com-
pounds that were extracted during the first cycle. Fi-
nally, the application of the third and last extraction

cycle on the same sample gave the following addi-
tional extraction yields: 7.93% for 50/50 (w/w)
water/methanol, 7.54% for water and 4.63% for
methanol. The extraction yields for hexane and ace-
tone logically remained below 1% meaning no more
CNSL extraction.

However, despite the decrease in extraction yields
over the 3 cycles, the 50/50 (w/w) water/methanol,
water and methanol showed their extraction limit on-
ly after the third extraction cycle and that without
reaching a zero-extraction residue. The greatest
CNSL extraction yield was obtained during the first
extraction cycle, which was explained by the high
availability of CNSL due to large exchange surfaces
between solvents and samples.

Extractions were performed in triplicate for each cy-
cle in order to estimate extractions methods limits
and errors and to evaluate the real differences be-
tween solvents. We calculated the error standard ac-
cording to the equation below.

Mean extraction (3 repetitions)

Erreur standard =
freur standar (Standard deviation (3 repetitions)) 2

(2 = square)

The extraction yields at cycle 1 error standard for
acetone, hexane, water-methanol, methanol and water
were respectively 1.86. 1.62. 1.31. 1.07 and 3.15.
Except water. All the solvents showed a good extrac-
tion repeatability and extraction yield obtained pre-
sent low standard errors.

The standard error for water extraction method under
pressure (100 bars) was larger and we assume that it
was related to the fairly high extraction temperature
(100°C). At this temperature, there could be minor
losses of water by evaporation, and this could explain
these differences between the three repetitions that
were experimentally as follow 47.20. 44.88 and
52.52%.

Carrying out the same calculation (error standard) for
cycles 2 and 3 did not seem enough relevant for us,
because after cycles 1 some solvents have already
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shown their extraction limits (acetone and hexane)
and the other solvents having undergone and cycles 2
and 3 gave fairly low and heterogeneous extraction
yields.

By comparing, the different extraction yields ob-
tained by ASE and regardless of the extraction cycle.
According to their CNSL extraction efficiency, the
solvents used can be classified in increasing order of
extraction yield efficiency which is as follows: water-
methanol mixture (50/50 w/w), water, methanol, hex-
ane and acetone (same yield).

3.2. CNSL extraction at atmospheric pressure
Fig. 7 shows CNSL extraction with water at atmos-
pheric pressure.

50 -

40 -

30 -

Yield (%)

20 -+

10 +

100 mL / 2h 100 mL / 4h

Extraction method

200 mL/ 4h

Fig 7. CNSL extraction at atmospheric pressure

There was logically an increase in the extraction
yield as a function of the contact time and the volume
of solvent (water) used. According to the experi-
mental conditions, CNSL extraction yields were as
follows 36.49%, 43.56% and 49.81% with 100 mL /
2 h; 100 mL / 4h and 200 mL / 4h respectively

(Fig.7).

The CNSL best extraction yield at atmospheric pres-
sure was obtained with the method using 200 mL
water for 4 h (contact time). By comparing the differ-
ent extraction yields obtained at atmospheric pressure
and ASE method, it can be seen that after 2 h of con-
tact, the extraction yields were almost equal to those
obtained by ASE. After comparison of all different
extraction yields, we could classify (in terms of effi-
ciency) the atmospheric pressure extraction method
with 200 mL water /4 h in second position (49.81%)
after that obtained in ASE at 50/50 (w/w) water/
methanol mixture (51.69%).

We also carried out a statistical analysis of CNSL
extraction with water at atmospheric pressure (table
2).

Table 2. CNSL extraction at atmospheric pressure

Eﬁ:ﬁtjgn l;:)r(;)a;?t?:ny(i;l) ;i Mez]ril;;(t(r;: )t ion High error | Low error HE-Mean Mean-LE
37.39

100 mL / 2h 3191 36.49 40.18 31 3.69 5.49
40.18
42.35

100 mL / 4h 41.53 41.94 42.35 41.53 0.4 0.41
41.93
49.05

200 mL / 4h 48.97 49.82 51.44 48.97 1.62 0.85
51.44

*HE: High Error *LE: Low Error
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In order to compare the reliability of the water ex-
traction methods at atmospheric pressure we calculat-
ed the higher and lower error values corresponding
respectively to the highest and lowest extraction
yields of the three replicates. The differences be-
tween the mean extraction yield (obtained from the
three replicates) and the higher and lower errors
showed a certain heterogeneity with 100 mL / 2h wa-
ter extraction method.

Increasing the extraction time (from 2 to 4 h) reduced
considerably errors and the extraction method be-
came more dependable (Mean-LE = 0.41). We also
proceeded to the calculation of the error rate between
the 200 mL / 4h method and 100 mL / 4h method and
it was estimated with the following formula:

Mean—LE of method 200 mL / 4h
Mean—LE of method 200 mL / Zh

Errorrate =

Comparison of the error rate between the two meth-
ods (200 mL / 4h and 100 mL / 4h) gave an error rate
of 2.07% which is relatively low and confirmed the
overall data (200 mL / 4h method was the best ex-

traction yield). It can be seen that by increasing the
extraction time and water volume. CNSL extraction
at atmospheric pressure was more efficient with few-
er errors.

3.3. CNSL characterization by GC-MS

The samples analyses were made using an Agilent
6890 gas chromatograph equipped with an Agilent
5973 mass selective detector coupled to an FID.

The system was equipped with fused silica capillary
DB-WAX polar column (J&W, 30 m x 0.25 mm i.d.;
film thickness 0.25um) and a DB-1 MS apolar col-
umn (J&W, 30 m x 0.25 mm i.d.; film thickness
0.25um) (Palo Alto, USA). Mass spectra were ob-
tained by EI at 70 eV within 40 to 300 Da. Carrier
gas, hydrogen, was attuned at a regular run speed of
1.5mL/min. MS source and interface temperatures
were 250°C and 280°C, respectively. Temperature
was programmed at 3°C/min from 40°C to 170°C,
then 10°C/min up to 240°C and held for 10 min. On
Column Injection (1puL) was carried out at 250°C.
The measured area (Fig. 8), permitted to calculate the
concentrations of each extract (Table 2).

Acetone
Water-ASE fy
s Water

7 Water-Methano
- Hexa (
& i
|

401 402 403 404 405 406 407 L0B 408 41 411 412 413

Counts (%) vs. Acquisi

5 416 417

tion Time (min)

418 418 42 421 422 423 474 425 476 427 423 &

Fig. 8. GC-MS Chromatoér:al;ns of the different extracts

Table 3. Quantity of CNSL extracted by different solvents obtained by GC-MS

Samples Mass concentration (g/L) CNSL % in extracts
Water-ASE 2.83 56.6
Water 2.70 54.0
Water-MeOH 2.92 58.4
Hexane 3.34 66.8
MeOH 1.52 30.4
Acetone 2.76 55.2
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Table 4. CNSL analysis obtained by HPLC-UV

Samples Cardanol Anacardic acid Cardol Total mass concentration CNSL
(g’/L) (g/L) (g/L) (g/L) % in extract
Water ASE 0.44 0.07 0.85 1.35 27.0
Water 0.36 0.07 0.66 1.09 21.8
Water-MeOH 0.23 0.07 0.49 0.79 15.8
Hexane 0.35 0.07 0.77 1.19 23.8
MeOH 0.16 0.06 0.39 0.61 12.2
Acetone 0.25 0.06 0.60 0.97 194
The use of different extraction methods affected 4. CONCLUSIONS

CNSL compounds concentration. As shown in Table
4, composition of extract depended strongly of ex-
traction methods.

All extraction methods, except water-methanol and
methanol, were capable to extract a high concentra-
tion of monounsaturated cardanol. However, the
highest amount of monounsaturated cardanol was
obtained with water as solvent under ASE extraction
conditions (0.44 g/L), followed by those obtained
with hexane and water extractions (0.35 and 0.36 g/
L respectively).

High content of cardanol in water ASE extract was
likely the result of the high temperature used in the
extraction hot water (100°C) at 100 bar pressure).
Anacardic acid was easily degraded by decarboxyla-
tion process to form cardanol at high temperature
(Philip et al., 2008). A slight difference of cardanol
content was found between acetone extract and water
-methanol extract.

These results also show that anacardic acid concen-
tration was not affected by the extraction method
used (average concentration of 0.07 g/L £+ 0.5 for all
extracts). Results given in Table 4 show water-ASE
extraction yielded the highest concentration of com-
pounds (27.0 %) followed by hexane extraction with
its content of 23.8%, while methanol extraction
resulted in low extract yield (12.2%). This result is in
agreement with the previous work reported by Se-
tianto et al. (2009).

This work showed that the extraction methods had a
major influence on the yields of CNSL and as well as
its composition. It is important to note that the extrac-
tion of CNSL can be done with water at atmospheric
pressure with yields and composition of CNSL
closed to yields obtained with organic solvents.

Compounds of interest like cardol and anacardic acid
were highly concentrated in extracts from water-ASE
and hexane extraction methods (0.85 g/L and 0.07 g/
L respectively).

However, it is important to note that GC-MS and
HPLC-UV analyzes did not give the same quantita-
tive result on CNSL major compounds (cardanol,
anacardol and anacardic acid). The adjustment of the
values will be necessary by injecting a cardol stand-
ard. Another improvement would be to try to inject
anacardic acid at a lower temperature in GC-MS, in
order to avoid its degradation.

The proposed extraction method, based on aqueous
extraction, allows very good yields to be obtained,
higher than those usually obtained by solvent extrac-
tion, therefore more respectful of the environment but
above all applicable in developing countries without
the cost of exorbitant protection.

Contflicts of Interest
The authors declare no conflicts of interest regarding
the publication of this paper.

WWW.SIFTDESK.ORG

129

Vol-6 Issue-1



SIFT DESK

REFERENCES

[1] Assuncdo, R.B., Mercadante, A.Z., 2003. Carote-
noids and ascorbic acid from cashew apple
(Anacardium occidentale L.): variety and geo-
graphic effects. Food Chem.81, 495-502. 00477-
6 View Article

[2] Castro, M.D.L., Garcia-Ayuso, L.E., 1998.
Soxhlet extraction of solid materials: an outdated
technique with a promising innovative future.
Anal. Chim. Acta 369, 1-10 00233-5 View Arti-
cle

[3] Das, P., Sreelatha, T., Ganesh, A., 2004. Bio-oil
from pyrolysis of cashew nut shell-
characterization and related properties. Biomass
and Bioenergy 27, 265-275. View Article

[4] Mazzetto S. E., Lomonaco D., Mele G. Oleo da
castanha de caju: oportunidades e desafios no
contexto do desenvolvimento e sustentabilidade
industrial. J. Quimica nova.2009, 32, 732. View
Article

[5] Michodjehoun-Mestres, L., Souquet, J.M., Ful-
crand, H., Bouchut, C., Reynes, M., Brillouet,
J.M., 2009. Monomeric phenols of cashew apple
(Anacardium occidentaleL.). Food Chem. 112,
851-857 View Article

[6] Mwangi P and Thiong'o G. "Energy Studies of
Some Cashew Nut By-Products in Kenya", Int.J
Adv Res, 2013; Vol.1 (8):880-887. View Arti-
cle

[7] Patel R. N., Bandyopadhyay S. and Ganesh A.
Extraction of cashew (Anacardium occidentale)
nut shell liquid using supercritical carbon diox-
ide. Bioresour Technol. 2006, 97, 847.
PMid: 15939589 View Article =~ PubMed/
NCBI

[8] Phani P. K., Paramashivappa R., Vithayathil P.
J., Subba P. V., Rao S. Process for Isolation of
Cardanol from Technical Cashew (Anacardium
occidentale L.) Nut Shell Liquid J. Agric Food
Chem. 2002, 50, 4705. PMid:12137500 View
Article  PubMed/NCBI

[9] Philip, J.Y.N., Fransisco, J.D.C., Dey, E.S.,
Buchweishaija, J., Mkayula, L.L., Ye, L., 2008.
Isolation of anacardic acid from natural cashew
nut shell liquid (CNSL) using supercritical car-
bon dioxide. J. Agric. Food Chem. 56, 9350-
9354. PMid: 18811166 View Article = PubMed/
NCBI

SIFT DESK JOURNALS

[10]Rajesh N. P., Bandyopadhyay S., Ganesh A. " A
simple model for super critical fluid extraction of
bio oils from biomass", Energy Conversion and
Management, 2011;Vol.52 : 652-657. View Arti-
cle

[11]Rodrigues, F.H.A., Feitosa, J.P.A., Ricardo,
N.M.P.S., de Franc, a, F.C.F., Carioca, J.O.B.,
2006. Antioxidant activity of cashew nut shell
liquid (CNSL) derivatives on the thermal oxida-
tion of synthetic cis-1, 4-polyisoprene. J. Braz.
Chem. Soc. 17,265-271. View Article

[12]Setianto, W.B., Yoshikawa, S., Smith Jr., R.L.,
Inomata, H., Florusse, L.J., Peters, C.J., 2009.
Pressure profile separation of phenolic liquid
compounds from Cashew (Anacardium occi-
dentale) shell with supercritical carbon dioxide
and aspects of its phase equilibria. J. Supercrit.
Fluids 48, 203-210. View Article

[13]Shobha, S.V., Ravindranath, B., 1991. Supercriti-
cal carbon dioxideand solvent extraction of the
phenolic lipids of cashew nut (Anacardium occi-
dentale) shells. Journal of Agricultural Food
View Article

[14]Chemistry 39, 2214-2217.

[15]Shobha, S.V., Krishnaswamy, P.R., Ravin-
dranath, B., 1992. Phenolic lipid composition
during development of cashew. Phytochemistry
31, 2295-2297. 83267-3 View Article

[16]Smith, R.L., Malaluan, R.M., Setianto, W.B.,
Inomata, H., Arai, K., 2003. Separation of cash-
ew (Anacardium occidentale) nut shell liquid
with supercritical carbon dioxide. Journal of Bio-
resource Technology 88, 1-7. 00271-7 View Ar-
ticle

[17]Tsamba, A.J., 2004. Gasification of CNShells.
Available from: date visited 30th March, 2005.
View Article

Email: info@siftdesk.org

WWW.SIFTDESK.ORG

Vol-6 Issue-1


https://doi.org/10.1016/S0308-8146(02)
https://doi.org/10.1016/S0003-2670(98)
https://doi.org/10.1016/S0003-2670(98)
https://doi.org/10.1016/j.biombioe.2003.12.001
https://doi.org/10.1590/S0100-40422009000300017
https://doi.org/10.1590/S0100-40422009000300017
https://doi.org/10.1016/j.foodchem.2008.06.056
https://doi.org/10.1155/2013/147365
https://doi.org/10.1155/2013/147365
https://doi.org/10.1016/j.biortech.2005.04.009
https://www.ncbi.nlm.nih.gov/pubmed/15939589
https://www.ncbi.nlm.nih.gov/pubmed/15939589
https://doi.org/10.1021/jf020224w
https://doi.org/10.1021/jf020224w
https://www.ncbi.nlm.nih.gov/pubmed/12137500
https://doi.org/10.1021/jf801532a
https://www.ncbi.nlm.nih.gov/pubmed/18811166
https://www.ncbi.nlm.nih.gov/pubmed/18811166
https://doi.org/10.1016/j.enconman.2010.07.043
https://doi.org/10.1016/j.enconman.2010.07.043
https://doi.org/10.1590/S0103-50532006000200008
https://doi.org/10.1016/j.supflu.2008.11.018
https://doi.org/10.1021/jf00012a022
https://doi.org/10.1016/0031-9422(92)
https://doi.org/10.1016/S0960-8524(02)
https://doi.org/10.1016/S0960-8524(02)
http://listserv.repp.org/pipermail/gasification/2004-September/007105.html

