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ABSTRACT

Essential oils of aromatic plants are nowadaysi@tesuitable tools for better protection of stageins from
insect pest attacks. These chemical insecticidefeas attractive to producers because of theipemistence
and difficulty to use as pure product. There isd¢f@e a need to formulate them as an easy handfiegnical
with better persistence. The present work aimestudy the formulation through adsorption of active
components oKylopia aethiopicaDunal (Annonaceae) essential oil on kacKnaethiopicaessential oil was
obtained by hydrodistillation in a Clevenger tygpparatus unit. Essential oil obtained was analysea GC-
FID and a GC-MS. The adsorption measurements werfernmed with collected two kaolin fractions (FIGQ
pum; F2 <50 um) and two kaolin fractions aftefBHtreatment (F3 <50 um; F4 <2 um). The kaolin was
characterized by XRD, XRF, FTIR; its specific sedaarea was determined by the B.E.T method. Thaiaimo
of essential oil adsorbed was inversely proportitméhe particles size. Treatment of kaolin witidrogen
peroxide increased the adsorption capacity of ¢éisé@il components. The components adsorbed ihgsy
amounts were sabinerfepinene a-pinene ang-phellandrene.

Keywords: Kaolin; Adsorption; Essential oil componentgjlopia aethiopica.

1. Introduction

Clays are widely used in pesticide formulation dsosbents or particulate fillers. Many researclséudied the
adsorption of pesticide on clay material (LagalyQ2) to limit pest damages. So, the popular methqaevent
stored products from insect attacks is the usegmthgtic insecticides. This use is increasing gggdr. The
intensive and uncontrolled use of chemical insef#i has direct effect on consumers and on the@mment
(Ngamo Tinkeu, 2004). There is therefore a neadki@lop products which respect to the environmadt a
present less dangerous effect on consumer. Edseifgiaf aromatic plants currently used are ciésda good
tool to prevent insect attacks on stored grainsa(hg Tinkeu et al., 2007). The most important difiig to
popularise this new tool is formulation of a cheahiactive insecticide with moderate persistencgideaet al.,
1995; Keita et al., 2001 ). Works carried out oaitlsecticidal activity of essential oil towardersd grains
pointed out that insecticide possess repellentkdlindg activities (Szafranski et al., 1991 ; Pratet al., 1998;
Ngamo et al., 2001, Regnault-Roger et al., 2002¢aBse of the higher volatility of essentials dhg duration
of their activities is very short. The local ma#dsuitable for the formulation of the essentid$ seemed to be a
kaolinite-type clay (Keita et al., 2001). It isexit as good adsorbent (Ghosh and Krishna, 200lisandrently
used in medicine, in cosmetics and for other insielet (Borras, 1999). There are no adsorption stdf
terpenic compounds on this clay material.

The aim of the present study is to determine adigorpf essential oil components on kaolin.
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2. Materialsand methods
2.1. Plant material (Xylopia aethiopica) and hydrodistillation procedure

Dried fruits of X.eathiopicawere purchased from Mbitom market (Adamaoua Pra&vindCameroon). They
were harvested by local dealers. The essentiatasl obtained by hydrodistillation of fruits for 4iking a
modified Clevenger-type apparatus. The essentiabdained was kept at 4 °C in a sealed brownuwdil its
use.

2.1.1. Chromatographic analysis of essential oil

The essential oil was analysed by gas chromatogragping a GC-14B with FID ( Shimadzu Co.Japan) and
integrator HP-3395B and a fused silica capillaripom [Supelco 30 m x 0.25 mm ID, 0.25 pum film thielss
coated with a 5% phenyl 95% dimethylpolysiloxaraiehary phase (HP-5MS from Agilent)] and a
split/splitless injector (splitless mode) at 230 B@etector temperature was 250 °C, injector porpterature
230 °C. The gases used were: nitrogen as carrsewiga a 1.5 ml/min flow rate, hydrogen gas atdéector
was 30 ml/min and air at 250 ml/min. The pressaréné column was 2.9 kPa. Quantification was cdroiet by
peak area calculations (GC/FID). The pure essenitiatas qualified by GC/MS (Agilent 6890 GC coupl®
an Agilent 5973 mass spectrometer) using the saBI€IBG analytical conditions.

2.2. Preparation of the kaolin
Table 1. GC-FID and GC-MS analysis: major components in JidoAethiopica fruit essential oil.

Components Structure KI %Area
1 a-thujene 936 222
2 a-pinene 946 11.10
3 Sabinene (J‘\K 987 2390
4 (3-pinene 992 2790
5 a-terpinene ? 1036 222
6 3-phellandrene /QHE’ 1043 15.91
7 1,8-cineol {a) + 1045 3.25
limonene {b) e
(a) (b)
8 Terpinen-4-ol /l 1192 513
L
o S
["o
¥ s R
9 Germacrene D 1508 3.54
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The kaolin was collected from Wak locality (Adamaaqarovince of Cameroon) deposit. Stones and ofs@vyh
particles were removed from the samples, which wega crushed, ground by a Retsch Bioblock crushing
BB1A type and sieved through a 230-mesh sieve.fganeof the powder was simply passed through titepi
sieve (F1) and 50 um (F2). A second part was kispedsed in double distilled water for several lschgfore
the mixture was sieved through a 50-mesh sieven@llsamount of 30% hydrogen peroxide was added to
remove organic substances. The mixture was kepdistg overnight and after decanting the clear smhtmore
water was added, stirred, and allowed to settl&fér. The clear solution was again decanted lamgtocess
was repeated several times to remove excess hydpegexide. The separated kaolin was dried at 34BX
diameter <50 pum purified clay). Finally, a lasttpafrdispersed kaolin was fractionated by setthng
decantation, using Stock's law to obtained thdifrac<2 um (F4); which was also dried at 343 K.

The kaolin was characterized by X-ray diffractiRD), X-ray fluorescence (XRF), Fourier transforR |
spectroscopy (FTIR), and specific surface arearaéation by the BET method.

Table 2. X-ray fluorescence analysis: oxide composition ¢¥djaolin from Wak.

Fractions LOI SiO, Al,Os Fe,0O3 CaO MgO Na,O K,0 SO;
F4 13.98 47.81 22.01 11.65 0.56 2.04 0.33 1.54 0.05
F3 10.18 54.22 20.15 9.22 0.53 1.70 0.46 3.43 0.05
F2 11.26 56.12 19.72 7.07 2.54 0.62 0.35 2.30 0.05
Fl 11.56 53.04 20.11 9.90 0.50 1.66 0.42 2.73 0.05

LOI: Loss on ignition.

2.2.1. Adsorption studies

Adsorption of essential oil by the different kadliactions was carried out in batch. Increasing amt® of clay
fractions (0.1 ; 0.2; 0.3; 0.4; 0.5; 0.6;0.7;0.8;@..0 g) were dispersed in 2 ml oil solution @l of oil in 10
ml of acetone); and equilibrated in an overheadahat room temperature (30 °C) for 3 h. In allesas
adsorption equilibrium was reached within 2 h. Ppheticles were allowed to settle and separated by
centrifugation. The oil concentration in the sup¢amt was determined by GC-FID.

2.2.2. Adsorption isotherms

Adsorption isotherms were determined using the peal of each component of the essential oils.ablserbed
percentage was calculated as:

100(Ay — Ay)

%adsorbed = y)
0

whereA, is the peak area of each oil component in th&irgblution;A, the peak area of each component in the
supernatant. The adsorbed amount per gram is:

X _ [100(4 — AJ], (Meo)
m AO My
wherex is the mass of each component adsorbed (mg), ne isiass of adsorbent (g, is the mass of
essential oil (mg)m,q is the mass of adsorbent in the solution (g), %thé concentration (%) of each terpenic
component in the crude essential oil. The equililorconcentration was calculated as:

c = MuMeo,o, - Withh,, the volume of solution (ml).
¢ AO Veo
3. Results and discussion
Chromatographic analysis showed thaaXthiopicaessential oil contains more than 50 components riidget

al., 2001). Specific density of Xethiopicaoil was 0.87 mg/ml. For adsorption studies, 10 magmpounds of
X. aethiopicaessential oil were selected (Table 1) : monotergemrocarbons, MHgafthujene a-pinene,
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sabinenep-pinene o-terpinenep-phellandrene, limonene), oxygenated monoter-p@hdgterpinen-4-ol,
1,8-cineole), sesquiterpene hydrocarbon ST, (GaenadD). 1,8-cineole and limonene were not welbsajed
by chromatography and will be considered togethéhé adsorption study.

Fig. 1. FTIR spectra of kaolin (F4).
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3.1. Characterization of the kaolin

The kaolin was rich in SigX~47.81%), in F&; (-11.65%); and in AD; (~22.01%) and contained only small
amounts of C&, Mg*", Na' and K’ ions (Table 2). Loss on ignition (LOI) was 13.98Phe chemical

composition indicated the presence of consideratfleunts of silica-and iron-bearing impurities. HER
spectrum (Fig. 1) showed peaks at 3697, 3620, 34UB4, 1033, 913, 751 ¢ncharacteristics of kaolinite. A
weak band at about 1412 ¢rimdicated presence of carbonate minerals. A sleowti~1104 crhindicated

quartz. The XRD pattern (Fig. 2) showed sharp ctifti@s atd = 7.31; 4.45; 3.59; 3.35; 2.59 due to kaolinite and
atd = 3.34, and 4.25 due to quartz. The specific serfrea was 77 7g.

Fig. 2. DRX of kaolin (F4).
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3.2. Adsorption isotherms

Adsorption isotherms of. aethiopicacomponents are shown in Figs. 3, 4, 5 and 6. Adieorpecreased in the
order sabinenef>pinenex-pinene-phellandrene for fractions F1, F2 F4; and in thieo sabineng3>
pinenex-phellandrenea-pinene for F3 (group 1). Adsorption of the otheigors componentsi{thujene o-
terpinene, 1,8-cineole + limonene, terpinen-4-al garmacrene D) changed with the particle size. The
adsorption within group 2, decreased in the oreiginen-4-ol>germacrene D>1.8-cineole + limonenre>
thujenex-terpinene for FI; germacrene D>1.8-cineole + ligoe> terpinen-4-okethujene-terpinene for F2;
terpinen-4-ol>germacrene Bsthujene>1.8-cineole + limonenesterpinene for F3 and terpinen-4-ol> 1.8-
cineole + limonenexthujene>germacrene >terpinene for F4. This adsorption amount of terpen
components between Fl, F2, F3 and F4 could beethdtrof many factors. The selectivity was affedigdhe
abundance of each component in the crude esseittisdbinenep-pinene -phellandrene and-pinene which
are the most adsorbed were the most abundant camdp@23.90%, 27.90%, 15.91% and 11.10% respec}ijvely
while a-terpinene (2.22%) was the less adsorbed in adl.CEse selectivity of adsorption was affected kg th
polarity of terpenic components; germacrene D anginen-4-ol were adsorbed in larger amounts thames
monoterpene hydrocarbons.

The isotherms are of L-type according to the cfasgion of Giles et al. (1960). The amount of es&e oil
components adsorbed was inversely proportiondlé@tsorbent particle size (about 0.94 mg/g for F1;
1.13 mg/g for F2; 1.48 mg/g for F3 and 1.64 mgigH4). The changes can be explained by the fatttiea
content of kaolinite in the smaller fractions wégher for the same patrticle size fractions. Thefjmar kaolin
adsorbed higher amounts (F3>F2).

3.3. Fitting of adsorption isotherms

The adsorption isotherms could be well fitted by tangmuir model (Table 3). Sabinene showed thiedsig
amounts adsorbed and a high affinity for each kafotiction (Figs. 3-6).

The values of Langmuly constants in Table 3 representing the affinityn® adsorbent were more significant
for all terpenics components. The Langmuir valuedicated an effective adsorption of oil compondnasige
from 1.26 to 40.30 difg). TheR, values for all particles size (B<1), revealed favourable adsorption of the
oil compounds on the kaolin.

Fig. 3. Adsorption isotherms of Xylopia aethiopica majomgmnents on the F1 fraction.
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Considering some individual components, F4 preskethte highest adsorption capacity fapinene (MO) with
b=1.79+ 0.43 mg ¢ anda = 2.36 + 0.58 drfg™; b= 023 + 0.08 mg gandx = 22.07 + 3.45 dihg™ for

terpinene-4-ol ant = 0.11 + 0.05 mg ga =40.30 +5.01 drhg™ for germacreneD.

Fig. 4. Adsorption isotherms of Xylopia aethiopica majomgmnents on the F2 fraction.
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Fig. 5. Adsorption isotherms of Xylopia aethiopica majompmnents on the F3 fraction.
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F3 fraction which was the most appropriated foiresecticidal formulation, presented a high adsomptiapacity
for sabinene with = 1.70 + 0.90 mgg anda = 1.26 + 0.91drig™® ; b = 0.21 + 0.0l mgg anda = 11.27 + 1.51

dm® g* b =0.11 + 0.05 mg g anda = 14.22 + 2.05drhg .

In the crudeX. aethiopicaessential oilp-pinene concentration is higher than sabinene (Rar@l 23.90%
respectively). However, the adsorption capacitthee components was not statistically differerg510.14
dn? g* (B-pinene) and 1.26 +0.07 drg™ (sabinene) for F4; 1.33 +0.09 dgi* and 1.42 +0.07 dirg™ (F3).

Fig. 6. Adsorption isotherms of Xylopia aethiopica majompmnents on the
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Table 3. Langmuir adsorption constants of Xylopia aethiopésaential oil on clay.

Fractions Fl F2 F3 F4
Constants a b R |a b R |a b R |a b R
Compounds (dntg?) [(mgg) (dntg?h) [(mgg) (dntg?h) [(mgg) (dntg?h) [(mg g)
a-thujene 2180+ |0.11+ |0.42(22.44+ |0.13% |0.31/20.10+ |0.17 + |0.293.05+ 153+ |0.77

1.10 0.07 6.10 0.07 7.51 0.04 0.98 0.06
a-pinene 423+ |055+ |0.42510+ |0.60% |0.400450% |0.82+ |0.27]4.40+ |0.90% |0.25
0.05 0.10 1.80 0.13 1.02 0.07 0.75 0.04
Sabinene 126+ |1.70% |0.451.33% |2.12+ |0.401.84+ [2.02% |0.27]2.02% |2.10+ |0.23
0.91 0.90 0.25 1.24 0.78 082 1.01 0.31
B-pinene 201+ |1.20+ 042246+ [1.34% |0.34181% |1.79+ |0.302.36+ |1.79% |0.23
0.41 0.04 0.19 0.79 0.07 0.14 0.58 0.43
a-terpinene 2630+ |0.09+ 0422910+ |0.11% |0.32]151+ |2.70+ |0.872.01+ |2.09% |0.85
3.14 0.01 4.89 0.07 0.19 0.49 0.04 0.97
p-phellandrene |4.34% |056+ |0.418.00+ |0.41+ |0.342.70+ |1.37% |0.276.25+ |0.62+ |0.24
0.21 0.17 2.71 0.01 0.34 0.07 0.98 0.24
1,8-cineole + |17.86% |0.13+ |0.4116.90+ |0.18% |0.32]17.58+ |0.15+ |0.3626.45+ |0.15% |0.25
limonene 1.70 0.07 3.74 0.04 3.12 0.08 2.31 0.07
Terpinen-4-ol  |11.27 + |0.21+ |0.42/12.94+ |0.24+ |0.3910.05% |0.35+ |0.27]22.07 + |0.23 £ |0.20)
1.51 0.01 3.02 0.10 4.21 0.01 3.45 0.08
Germacrene D |14.22+ |0.16+ |0.4314.60% |0.21+ |0.3510.84+ |0.32% |0.2840.30% |0.11+ |0.21
2.05 0.05 5.21 0.08 3.48 0.12 5.01 0.05
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4. Conclusion

The terpenes sabinerepinene a-pinene an@-phellandrene were well adsorbed by the four kafodintions.
The sesquiterpene germacrene D was adsorbed iarhagiounts than some monoterpenes.

The adsorption capacity of the kaolin dependechemtrticle size fractions the finer fractions atied higher
amounts. Treatment of kaolinite with hydrogen p@exmproved adsorption capacity. The adsorptiothisrm
of the terpenic compound on Wak kaolin was fittethwhe Langmuir model.
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