Adsorption of poly-phenolic compounds of optimizedextract of
the bark of pittosporaceae by pillared clay in view of the
formulation of powdered insecticides

ABSTRACT

The aim of this work is to formulate a powdery ictigide by adsorption of optimized poly-phenol exts by
aluminum pillared clay of Boboyo; in order redudee tloss of post agricultural crops by preserving th
environment. Different parameters (pH, initial centration of adsorbate, temperature, and mass of
adsorbent) that influence the formulation of theeicticide were optimized by adsorption of the galliid on the
pillared clay. The study revealed that the maximguantity of adsorption is reached after 10 minutess
believed that the quantities adsorbed with theeiase in the concentration of the adsorbate andtitigan
adsorbed decreases with the increase of the mabks aflay, the pH and temperature. The kinetic rbdst
suited for the adsorption of gallic acid is thappskBudo-second order. The adsorbed quantity frenmibnolayer
coverage deduced from the Langmuir model is 11.8ZgmThus, the formulation powdery snow of the
insecticide is obtained by adsorption of an extcfcpoly- phenols on the clay materials while resjpe the
optimal condition provided by the gallic acid. Tiest insecticides of this formulation powder on #eevils of
maize have shown that the lethal dose is 4%. Thantty induces a mortality rate Sftophiluszeamais of
49+12.6% and an LR = 0.20% (B= 0.63) on 7 days compared to Malathion which isstdered as the
standard insecticide with a mortality rate of 100867 days.
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1- INTRODUCTION

The world production of cereals has a capital inguwe to the economy of a country. In Africa,
particular in Cameroon; that is, the Northern ptirg, culture of cereals plays an important role guthe high
demand; that this either by local consumers orbg tndustries [1]. To increase the yields of ceyeal
and compensate the loss of post-crops and bettesepee cereals, agricultural producers should usee rof
fertilizers and insecticides [2]. The insecticidesvertheless remain an indispensable means ofatdotrthe
infestation of foodstuffs during storage [3]. SoBynthetic insecticides such as chlorinated derreatihave a
negative impact on the environment and may induchranic intoxication of consumers, a resistanceents
[4]. In addition, these synthetic insecticides mo¢ in the scope of all because of their cost wiaich extremely
high. In the search for alternative methods totfigdainst these pests, according to Tapondjal. (2003), the
plant reign offers a lot of possibilities. Howevéie biopesticides of plant origin are frequentigpdegradable
and less toxic than the insecticides of synthégisHrevious work [1, 3, 6] carried out in this ¢ext, has shown
the effectiveness of essential oils of plants agjaimsect pests of cereals. Unfortunately, thetilijaof these
essential oils does not ensure a protection ofater®r a period of 7 to 8 months. However, the kvof
Souaibou (2010) carried out @ttosporum viridiflorum shows that poly-phenolic compounds in the extract
contained ethanol of this plant and have insedlqgidoperties. These poly-phenolic compounds hawee t
advantage to be stable and available in the pléstsvell, the extracts fixed on a solid supporttsas pillared
clay is a feasible approach for the productionnskcticide with a high duration in order to ensuratection of

seeds stored. It is in this perspective that wecammitted to the development of a formulationrefecticide on



the basis of extracts of poly-phenolic and pillargddy. This approach aims at defining the intemadi of
clay/poly-phenolic compounds in order to optimizke t effectiveness of the powdery formulation of
insecticide. The objective of this work is to perfoa powdery formulation of the insecticide by aggion of
the extract optimized in poly-phenols by the madificlay of Boboyo, as support of organic compouiftis.
work is to formulate the powdery insecticide byagsion of an extract of poly-phenols on the p#drclay and

to test the effectiveness of the insecticide povidenulated on the weevils of maize.

2- MATERIALS AND METHODS

2.1- Physico- chemical of clay
The pillared clay used for the realization of thsrk is the one prepared by Harouaaal. (2015). The

characteristics of the natural clay of Boboyo thHey have used to the jumper wire by the aluminum a
presented in Tables 1, 2 and 3.

Table 1. Some characteristics of the natural clayf@oboyo [7]

Parameters Moisture Index (%) pH  Rising ©ntent (%) Densty

Values 22.39 8.53 95.98 1.3¢

Table 2. Granulometric analysis of the Boboyo claj7]

Fraction <2um 2-20um 20-50pum 50-200um 200 —2000um

% composition 13.4 38.95 20.25 15.11 5.E

Table 3. Characteristics of quality and performanceof the pillared clay Boboyo [7]

Index of iodine (mg/qg) Specific surface mesoporeuse (iiy)
190.35 55.8

2.2- Method of adsorption of gallic acid by the plared clay

The adsorption experiments were carried out usiegoitch equilibration technique. The solutionshef gallic
acid of 20, 40, 60 and 80 mg/L concentrations am@duced in the flasks in pyrex of 100 mL. Theusiohs are
maintained at 30, 40, 50, and 60 °C and agitat¢ld thie help of a thermostated bath at a constaedspf 120
rpm. A mass determined of pillared clay is introed in each solution. The pH values of heavy nehltions
were in the range of 6.4 and 7.0 without furthejusitinent in order to simulate the natural watettesys The
suspensions were mixed on a rotary tumbler for iButes. After phase separation by centrifugatioa th
concentration of gallic acid in the supernatant determined by measuring the absorbance using aitlble
spectrometer (Pharo-100) at wavelength of 750 ndntlae solid phase obtained is the insecticide sough

2.3- Procedure of the formulation of insecticide
The powdery formulation of insecticide has beenriedrout taking into account the optimization ok th

parameters during the adsorption of gallic acidolwhs taken as a compound poly-phenolic refereficehave a



powdery formulation of 0.2 g, a mixture with a d@n of extract for poly-phenols contains 80 mgfde0.2 g
of pillared clay is introduced in a beaker of 10Q.Mhe mixture is homogenized by a magnetic stifier
approximately 10 minutes and placed in the overB&t°C to complete the evaporation of the solvent.
The flavored powder of the poly-phenol compoundaotgd is kept in vials hermetically sealed in order

exclude the moisture and prevent the photo-degradat

2.4- Study of the insecticidal activity

Here we want to assess the duration of the actiefityhe formulation of powder snow in function obs#
in active principle. Thus, with the type of moddielay put in contact with extracts of poly-phertbk doses of
the powdery formulation were varied to 1%, 2% af@ expressed in gram of powdery formulation per godm

seed maize (Fig. 1).

Fig. 1. Boxes containing the maize treated with pasers of insecticide and containing 10 insects

Each box containing powders of insecticide receeguantity of 20 g of maize grain and 10 insebtshgry
beforehand for 48 hours and then stored at roonpéeature. The number of dead insects will be calafeer
24, 48, 72, 96 and 168 hours of observation [6F TRgative control is the natural clay and pillacedy, the
positive witness that we have used is the Malathibith is an insecticide generally used by the rigra
populations to protect the maize from insects. fpeetition is performed 3 times for each conceiunaand the
mortalities observed are expressed after corretyaie mathematical expression of Abbott (1925):

Mo—M¢

MC = m X 100(1)

WhereMc is corrected mortality in %y11 is mortality observed in the Witness avg is mortality observed in
the test.

The lethal dose for 50% of the population of insecDs, is calculated by the method of probit, for the
comparison of the toxicity of the poly-phenolic qumunds tested. The percentages of mortality ansfitemed
into probit, the regression of the logarithm of tlese in function of the probit fatalities on thefteare

MINITAB (version 12) has helped to determine thesh.Br the compound concerning each bruche studied.



3- RESULTS AND DISCUSSION

3.1- Kinetics Studies
In order to determine the kinetics gallic acic by modified clay, 200 mg of pillared clay was mixeith 20

mg/L of gallic acid solution in tubes. The dispersions wshakedfor time varying from 2 to 40 mutes in a
shaker.

Fig. 2 shows howhe results of the kinetics studiesgallic acid is obtainedy pillared clay of Bboyo at 50
mg/L gallic acid initial concentratiorAs shown in Fig. 2, the amount gallic acid adsorption increas rapidly

during the first minutes and stabilizasthe end of 10 minut for a maximum adsorption of 2.94 mg/g. Th
phenomena can be interpreted by the fact thaeabelginning of adsorption, the number of activessivailable
at the surface of the adsorbémntmuch more important than that oe remaining sites after a certain time.

well beyond the time of contadhe molecules ogallic acidneed time to disseminate to the inside of the p
of the adsorbent. The formation of a level of saion can be explained a balance of adsorpn where all the
sites on the surface of adsorbent@reupied. The fast fixation is explained by thehhadfinity of the support ti
the retention of gallic acid [8].

To predict and better explain the mechanism of iquiem of the gallic acion the pilared clay, the
experimental results of the kinetiokadsorptio have been compared with the theoretical modelsfhfsibn

particulate intra, pseudirst order and pseur-second order.

50

Fig. 2. Kinetics study for gallic acid uptake bypillared clay from Boboyo

The correlation coefficients Rthe quantities of ions adsorbed to the balanckrate constants of differe
kinetic models that have been tested are reprasantae Tabled.

It is therefore clear from Table 4 th#te models of pseudérst order and the dissemination ir-particular are
not applicable for the explanation of the adsorptioigallic acid on the modifiedlay in the light of low value
of the coefficients Rfor these models. Howevethe value of the coefficient’Rs greater than 0.90 of the moc
of pseudo-second order and shows thatlatter is applicable to the experimental d@taThis indicatesthat the
adsorption is done in two steps:

* The first step is the dissemination of the molesufgallic acid toward the surface pillared clay;



» The second step is the interaction of moleculegatiic acid at the surface of clay bypassed.

Table 4. Summary table of constants of the differerkinetic models and their correlation coefficientsR?

Model of pseudo-first order Model of pseudo-second order Dissemination model intra
particulate
Qe (cal K, R Qe (cal K, R* Kint C R?
(mg.g*) (min™) (mg/g) (mg/gH/min?) (ma/g (m’.s%)
min™
1.44 0.37 0.79 16.10 0.05 0.95 2.18 2.68 0.77

3.2- Influence of the mass of pillared clay of Bohym to the adsorption of the gallic acid

The study of the influence for the mass adsort®applied on the adsorption capacity of the galtic, which
has led us to vary the amount of adsorbent 0.2.4oglwhile maintaining the initial concentration thfe
substrate in solution at 20 mg/L. Fig. 3 giveshesvariation of the amount adsorbed of the compatndied as
a function for mass of the pillared clay.

It is clear from Fig. 3 that, the increase in theufity of adsorbent leads to a decrease in thatiqyaf gallic
acid adsorbed by the unit of mass. The quantitis®rdbed decrease from 2.94 to 0.41 mg/g with tbeease of
the mass of adsorbent. This result is justifiedtiy phenomenon of standardization of quantitieordsl.
Infact, the increase in the quantity of adsorbeads$ to an increase in its total surface areaablailvithout any
influence on the content of gallic acid in the maxi This may be due to a creation of an agglonraif the
particles and a slowdown of the dissemination efrtolecules of gallic acid in the pores of the maltg10].
Thus less mid saturated, more molecules broadcastrere easily to the sites of the adsorbent. Téssilt is
similar to that obtained by Kanouri, Labide (20Mhich, in working on the adsorption of phenol or th
bentonite of Maghnia, has found out that an in@eafsthe mass of the adsorbent 0.1 to 0.5 g, alfow to
reduce the amount of phenol adsorbed of 2.78 t®& B\§/g. These results are still justified by therkvdone by
Harounaet al. (2015) onthe adsorption of Mhand Zi*ions in aqueous solution by the pillared clays
of Boboyo and Djongmaila (2014) on the adsorptidnCo?*, PQ*and the MA"ions by the bridged clay
of Karewa. Indeed, it finds out that, the adsorbeaentities are maximum for a mass of 0.2 g of ttogifred
clay. These results are in agreement with thog&eajanget al. (2012) and Djakba (2013).
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Fig. 3. Effect of mass on adsorption of gallic acion pillared clay
3.3-Effect of solution concentration ongallic acid adsorption
The influence of the initial concemation in phenolic compound cadsorption capacity opillarec clay was
conducted in a mass material of 0,28=6,time contact 10 minutes, temperature 25 °Re Tesult is presente
in Fig. 4.
It is clear from Fig. 4hat the quantity ogallic acid adsorbed per gram of the pillared dlareases with th
increase inthe initial concentration. The incise in the quantity adsorbed of thallg acid is linked to th
emergence of new sites of adsorption and to afgan$ matter more important due to a strongerediggation
The maximum quantity adsorbed ddllic acid is obtained for an initial concentratioh80mg/L. This result i
explained by the fadhat the higher the concentratiof the solutionthe greater the moleculesgallic acid are
numerous in the solutioand the more they are in contact with the adsortient the percentage of adsorpt
increases [11]. Theork of Djongmailiis in agreement with the results reported in the pres@rk. Thislead

us to say that thphenolic compound of referer has a good compatibility against thidared clayof Boboyo.
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Fig. 4. Effect of gallic acid concentration on adsorptio on pillared clay



3.4- Effect of temperature

Evolution of the fixation of gllic acid has been studied for an initial tenoiichhs static for eac(20 mg/L) and
at different temperatures (between°Gand 65 °Q. The measurement of the residual tenogallic acid for
each case study has been realized after lutes of contact time with modified clay.

Fig. 5 shows the adsorption dllic acic with the pillared clay. The results in Fig. 5 stethat temperature dox
not seem to have any significant influence on ttherption of this acid. The absorbed quantity11.98 mg/g.
These values decrease very little with increasieigperature, indicating the exothermic characterthe

adsorption process. A decreasehia absorbed quantity with temperature impphysisorptior7].
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Fig. 5 Effect of temperature on adsorption ofgallic acid on pillared clay.

3.5- Adsorption isotherms
3.5.1- Langmuir isotherm
The Langmuir isotherm is based on the assumptioaisadsorption takes place at specific homogensibes
within the adsorbent, there is no significant iat#éion among adsorbed species, and the adsorbsatuisatec
after the formation of one layer aflsorbate on the surface of adsorbent [7]. The oamgisotherm equatio
can be written as follows:
& 1 Ce

= ar

de bqmax  Amax

)

Where, Gis the equilibrium concentration of the remainirduge in the solution (mg/L),. is the amount of th
solute adsorbed per mass unit of adsorbent atilequih (mg/g), (naxiS the amount of adsorbate per mass
of adsorbent at complete monolayer coverage (mgfgd, b (L/mg) is a Langmuir constant. Thyax and b
values were calcated from the slope<l/q. ) and interceptsl(/ bqmnq, ) Of linear plots oC,/q, versusc,
Fig. 6. The deducted parameters of adsorption ofgirauir isotherm are summarized in Table 3. The
found to be linear wh good correlation codcientsranging from 0.94 to 0.99. This indicates the agatlility of

Langmuir model in the present study.
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Fig. 6. Langmuir plot for the gallic acid uptake by pillared clay mineral from Boboyo

3.5.2- Freundlich isotherm
The Freundlich isotherm model can be used to deschie non-ideal adsorption of a heterogeneoussyand

reversible adsorption [9]. The isotherm is exprdgsethe following equation:

e = KeC'™ (3)

This expression can be linearized to give the Yalhg equation:

logq, = logKr +%logCe (4)

Where, K-(mg/g) and n are Freundlich adsorption isothernmstaois. The values ofgkand1/n are determined
from the intercept and slope of the linear regmessi A value of n above one indicates a normal ridiich
isotherm while n values less than one are indieatif’ cooperative adsorption [7]. A plot lofg(q.) versus
log(C,) for the studied sample is shown in Fig.7. The de&stliparameters of adsorption of Freundlich isother
are summarized in Table 5. The plots were fountetdinear with good correlation coefficients rargiinom
0.97 to 0.99. This indicates the applicability oe@ndlich model in the present study. The n valfieesthe

studied samples are more united and thereforerptiso is favorable.
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Fig. 7. Freundlich plot for the gallic acid uptakeby pillared clay mineral from Boboyo

Table 5. Values of the various parameters of theasherms models studied

Langmuir R» 0.99
Ki (mg/L) 0.06
Qm (mg/g) 11.82
Freundlich R, 0.96
K(g/L) 1.08
A 0.22

3.6- Thermodynamic parameters

Thermodynamic parameters have been determinedetguhlification of adsorption phenomenon of thdigal
acid on pillared clay of Boboyo. The deducted eatéms ofAH° andAS°® of the experimental data is found in
Table 6.

As illustrated from the results in Table 6, the atége value ofAS°® indicates the positive nature of the present
adsorption phenomenon. Also, the negative valuakf proves the exothermic and physical nature of thi

retained phenomenon of gallic acid [9]. These tesare in agreement with the above studied model.



Table 6. Thermodynamic parameters of adsorption oigallic acid on pillared clay mineral from Boboyc at
different temperatures

AG® (AH°).107 (AS°).1C?
kJ/mol kJ/mol kJ/mol.K
327°K 337°K 347°K 357°K
-4.6 -4.49 -4.62 -4.76 -1.66 1.3¢

3.7- Insecticide Tests

The results of the insecticides testour powdery formulations are presented in Fig. 8 belbhe results show
that the rate of mortality of insects caused bytthhe formulations increase as a function of thecemtrations
and the duration of exposure, but remain lower thase of th poudrox. The differences in mortality betwe
the concentrations are more rgfgcant from the fourth dayThey also illustratehat the percentage of mortal
of the large concentration (4%) in the seventh ida@6% for the natural clay, 98% for tpillaredclay. This
shows that the powddormulated by the pillared cl is the more insecticide. In addition, we find tlia¢
poudrox used heras a positive control kills (800+£2.50)% the first day and 100% of mortalitieseéachd in
the second day. However tipwwder made reached on average 80% of the insedisei seenth day at a
concentration of 4%. This allows to demonstrate thwith the concentration of 4% afur extracts behav
exactly as the poudrox. An incredegime of exposure would potentiate more ofr @owders. Thus we can s
that instead of using the poudrakich is very toxic to protect stored commodi[14], the powdery
insecticides oPittosporum viridiflorum can be usetb protect our food stored with a good performa Table
7 presentghe lethal doses required to kill 50% (s0) and 90% of the insects (). These results have be
obtained by doing a logarithmic regression whosegqns areas follows:

y = 4,977 In(x) + 63,18 pourl'argilenaturelle (6)

y = 30,03 In(x) + 220,8 pourl'argilepontée(7)

Theselethal doses, although higher than those of thergisg oils of the same plant [15], reflect the sibBity
to use our extracts to comtstophiluszeamais. Yet thelower volatility of our extracts will make them n&

malleable by the peasants.
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Fig.8. Mortality rate of Sitophiluszeamais as a function of the concentrations and the timwith which our

powdery is formulated.

Table 7.Lethal doses killing 50% (DL50) and 90% of the insets (DL90) of different extracts

Pillared clay Natural clay

DL50% 385.634 3186

DL90% 8.074x18° 1.057X10

4-CONCLUSION

This study of the adsorption of tletract of pol-phenols by the pillaredlay is a contributioc to a powdery
formulation of insecticide. This study I the aim to make our contribution to tehancement poly-phenolic
compounds and pillared clay Bioboyc asa support of organic compounds, with a view to iwbtapowdery
formulation of the msecticide by adsorption poly-phenolic compoundsy the clay. The study of the influen
of some parameters on the retention of these aat@sthas engaged our attention. The bulk of work be
summarized in the following points:

The adsorption of extract of pophenols is very fast and the balais reached in less than 10 minut

The kinetic model of pseudsecond order is applicable to the adsorption ofgallic acid, this implies th
assumption that the adsorption is happening inpghases: the dissemination of the adsorbate toutiace of

the adsorbent, followed by the interaction adsaradsorbate.

The quantities adsorbed decreasth the increase of the mass of adsorbent anéhtirease of the temperae.

They grow with the increase of the initial concentratioh extract of pol-phenols.The amount adsorbe
increases in acid medium (pHxdecreases in basic mediupH>7).

The process of adsorption is spontaneous, theions of adsorption of poly-phenols is exetmic and thtype

physical.

The experimental results on the adsorption of the campdas been confronted with the theoretical moot

Langmuir, Freundlich with correlation efficients greater than 0.90.
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