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 was to formulate a powderyettiide by adsorption of optimized poly-phenolsrasts

by aluminum pillared clay of Boboyo; in to reducketloss of post agricultural crops by preserving
environment.Different parameters (pH, initial comation 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 studies reveal that the maxinguantity of adsorption is reached in 10 minutes,gbantities
adsorbed believe with the increase in the concéoiraf the adsorbate and quantities adsorbed dsesewith
the increase of the mass of the clay, the pH amghéeature. The kinetic model best suited for theogation of
gallic acid is that of pseudo-second order. Theodmsl quantity from the monolayer coverage deddoau
Langmuir model is 11.8thg/g. Thus, the formulation powdery snow of insgde is obtained by adsorption of
an extract of poly- phenols on the clay materiakslevrespecting the optimal condition provided hg gallic
acid. The tests insecticides of this formulatiomvgder on the weevils of maize have shown that ttfeledose is
4%. This quantity induces a mortality rateSitbphiluszeamais of 49+12.6% and an L{3 = 0.20% (R= 0.63) on

7 days compared to Malathion which is considerethastandard insecticide with a mortality ratet00% on 7
day.
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1- INTRODUCTION

The world production of cereals has a capital intgpue for the economy of a country. In Africa,
particular in Cameroun and in the northern pag,dblture of cereals occupies an important placehofce due
to the high demand that this either by local coressnthat by the industries [1]. To increase thédgief cereals
and compensate the losses post-crops and bettsergencereals, agricultural producers are morensomeé use
of fertilizers and insecticides [2]. The insectesdnevertheless remain an indispensable meanswwbtof the
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 resistancgents
[4]. In addition, these synthetic insecticides o in the scope of all because of their costs whie 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 frequentigdegradable
and less toxic than the insecticides of synthégisRPrevious work [1, 3, 6] carried out in this text, have
shown the effectiveness of essential oils of plagainst insect pests of cereals. Unfortunately vblatility of
these essential oils does not ensure a protectioareals for a period of 7 to 8 months. Howevee, work of
Souaibou (2010) carried out @ttosporum viridiflorum showed that poly-phenolic compounds containedén th
extract to the ethanol of this plant have insedéicproperties. These poly-phenolic compounds htnee
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 wecaremitted to the development of a formulationrsfdcticide to



basis of extracts poly-phenolic and pillared clahis approach aims to define the interactions af¢poly-
phenolic compounds in order to optimize the effeniess of the powdery formulation of insecticideeT
objective of this work isto perform a powdery faration of the insecticide by adsorption of therast
optimized in poly-phenols by the modified clay oblibyo, as support of organic compounds. The work
is to formulate the powdery insecticide by adsomptdf an extract of poly-phenols on the pillaredychnd

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 thierk is the one prepared by Haroehal. (2015). The
characteristics of the natural clay of Boboyo thHay have used to the jumper wire by the aluminum a

presented in Tables 1, 2 and 3.

Table 1. Some characteristics of the natural clayfdoboyo [7]

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

Values 39 553 9.;98
1.;39

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 55

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

Index of iodine (mg/qg) Specific surface mesoporeuse @)

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 8@g/L concentration are introduced in the flaskpynex of 100mL. The solutions are
maintained at 30, 40, 50, and_8D and agitated with the help of a thermostateti bt constant speed of 120
rpom. A mass determined of pillared clay is introgld in each solution. The pH values of heavy meialistions
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 desermined by measuring the absorbance using aitlble
spectrometer (Pharo-100) at wavelength of M®0and the solid phase obtained is the insect&ideht.



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 gedlid which is taken as a compound poly-phenoliersxice. To have a
powdery formulation of 0.8, a mixture of a solution of extract of poly-ph&nto 80mg/L and 0.2y of pillared
clay is introduced in a beaker of 16@.. The mixture is homogenized by a magnetic stifoe approximately
10 minutes and placed in the oven at°8up to complete evaporation of the solvent. Taedred powder of
poly-phenol compound obtained is kept in vials hetioally sealed in order to exclude the moisture prevent
the photo-degradation.

2.4- Study of the insecticidal activity

It is here to assess the duration of the activityhe formulation powder snow in function of doseaictive

principle. Thus, for the type of modified clay pist contact with extracts of poly-phenol, the dos#s

the powdery formulation were varied to 1%, 2% afa éxpressed in gram of powdery formulation per goim

seed maize (Fig. 1).

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

Each box containing powders of insecticide receaesguantity of 20y of maize grain and 10 insects’ hungry
beforehand for 48 hours and then stored at roonpéeature. The number of dead will be counted &#er48,
72, 96 and 168 hours of observation [6]. The negatbntrol is the natural clay and pillared onheg twitness
positive that we have used is the Malathion whihn insecticide generally used by the ripariarufaijons to
protect the maize from insects. The repetitiondsfgrmed 3 times for each concentration and thetatites
observed are expressed after correction by theamattical expression of Abbott (1925):

Mo—My
MC -
100—-M;

x 100(1)

WhereMc¢ is corrected mortality in %+ is mortality observed in the Witness avd ismortality observed in
the test.

The lethal dose for 50% of the population of insecDsy 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 ttiese in function of the probit fatalities on thefteare

MINITAB (version 12) has helped to determine thesh.Br the compound concerning each bruche studied.
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3- RESULTS AND DISCUSSION

3.1- Kinetics Studies
In order to determine the kinetics gdticaciehallic acidby modified clay, 200 mg of pillared clay was mixe

with 20 mg/L of gallic acid solution in tubes. THispersions were shaken for time varying from ZQaminutes
on a shaker.

Fig. 2 shows the results of the kinetics studiegadfic-acid uptake by pillared clay of Boboyo at 50 mgAllig
acid initial concentration. As shown in Fig. 2, tamount of gallic acid adsorption increases rapatysoon as
the first minutes and stabilize at the end of 1Ghutés for a maximum adsorption of 2.94 mg/g. These
phenomena can be interpreted by the fact thaeabelginning of adsorption, the number of activessévailable

at the surface of the adsorbent is much more irapbthan that of the remaining sites after a certiaie. As
well beyond the time of contact, the moleculegaficacidgallic acidneed time to disseminate to the inside of
the pores of the adsorbent. The formation of allefesaturation can be explained by a balance sbaation
where all the sites on the surface of adsorbenverapied. The fast fixation is explained by thghhaffinity of
the support to the retention gdlicaciegallic acid[8].

To predict and better explain the mechanism of igudism of the gallic acid on the pillared clay, the

experimental results of the kinetics of adsorptiame been compared with the theoretical modelsifbfsibn

particulate intra, pseudo-first order and pseudmisé order.

-
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Fig. 2. Kineti for galli i k I lay from B

The correlation coefficients “Rthe quantities of ions adsorbed to the balanakrate constants of different
kinetic models that have been tested are represantae Table 4.

It is therefore clear from the Table 4 that the eledf pseudo-first order and the disseminatioraiptrticular
are not applicable for the explanation of the apison of gallicaciehjallic acidon the modified clay in the light
of low values of the coefficients?Ror these models. However, the value of the coieffit R greater than 0.90
of the model of pseudo-second order shows thatlatier is applicable to the experimental data [Bhis
indicates that the adsorption is done in two steps:

The first step is the dissemination of the molesaifgallicaciegallic acidtoward the surface of pillared clay;
The second step is the interaction of moleculegabieacidgallic acidto the surface of clay bypassed.

qe(mg/g)
N

e O T T T T 1

0 10 20 30 40 50
Time (min)




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) Ky R* Qe (cal) Ko R° Kint C R*
(mg.g") (min™) (mg/g) (mg/g/mint) (mg/g (mP.sh)
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 Bohm to the adsorption of the gallic acid

The study of the influence of the mass of the dutsarapplied on the adsorption capacity of theigaltid, has
led us to vary the amount of the adsorbent 0.2.#bdlwhile maintaining the initial concentration thfe
substrate in solution at 20 mg/L. Fig. 3 giveshes\tariation of the amount adsorbed of the compatndied as
a function of the mass of the pillared clay.

It is clear from Fig. 3 that the increase in thafity of adsorbent leads to a decrease in thetiyanf gallic
acid adsorbed by the unit of mass. The quantitesr®ed decreases from 2.94 to 0.41 mg/g withribeease of
the mass of adsorbent. This result is justifiedtiy phenomenon of standardization of quantitierdesl.
Indeed, the increase in the quantity of adsorbesdd to an increase in its total surface areaablailithout
any influence on the content ghllicacidgallic acid in the medium. This may be due to a creation of an
agglomeration of the particles and a slowdown efdissemination of the moleculesgzfllicacidgallic acidin
the pores of the material [10]. Thus less the middturated, more the molecules broadcast morly ¢ashe
sites of the adsorbent. This result is similatiat tobtained by Kanouri, Labide (2013) which, inrking on the
adsorption of phenol on the bentonite of Maghnéehfound that an increase of the mass of the belsbd.1 to
0.5 g, allows you to reduce the amount of phenebeued of 2.78 to 0.83 mg/g. These results arejsiified
by the work made by Harourhal. (2015) on the adsorption of ions fMrand Zi* in aqueous solution by the
pillared clays of Boboyo and Djongmaila (201€i) the adsorption of ions €y PQ*and the MA" by the
bridged clay of Karewa. Indeed, it finds that this@bed quantities are maximum for a mass ofg0d the
modified clay. These results are in agreement thitise of Beiganet al. (2012) and Djakba (2013).
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Fig. 3. Effect of mass on adsorption of gallic acidnto pillared clay

| 3.3- Effect of solution concentration orgallicacidgallic acid adsorption
The influence of the initial concentration in phéoacompound on adsorption capacity of pillaredyclaas

| conducted to a mass of the material of §,DpH=6, time contact 1finutes, temperature Z%&. The result is
presented in Fig. 4.

| It is clear from Fig. 4 that the quantity gélicacidgallic acidadsorbed per gram of the pillared clay increases
with the increase of the initial concentration. Therease in the quantity adsorbed of the gallid &clinked to
the emergence of new sites of adsorption and toamsfer of matter more important due to a stronger
dissemination. The maximum quantity adsorbed dfcatid is obtained for an initial concentratioh8dmg/L.
This result is explained by the fact that the higie concentration of the solution is, the gre#termolecules
of gallicacidgallic acidare numerous in the solution and the more theynacentact with the adsorbent then the
percentage of adsorption increases [11]. The wbiBjeangmaila is in agreement with the results répdrin the
present work. This leads us to say that the phewrolmpound of reference has a good compatibilitiresy the
pillared clay of Boboyo.

1.4 4
1.3 1 - ¢

0.7 4

0.6 T T T T T T T 1
10 20 30 40 50 60 70 80 90

Ci (mg/L)

Fig. 4. Effect of gallic acid concentration on adsption onto pillared clay

3.4- Effectof temperature

Evolution of the fixation of gallic acid has bedndied for an initial tenor which is static for éa@Qmg/L) and
at different temperatures (between 5 and 65°C). The measurement of the residual tenor in galtid for
each case study has been realized after 10 miobitemtact time with modified clay.

Fig. 5 shows the adsorption of gallic acid with gikared clay. The results in Fig. 5 show that pemature does
not seem to have any significant influence on tthgogption of this acid. The absorbed quantity i9&8Img/g.
These values decrease very little with increasemyperature, indicating the exothermic characteadsorption

process. A decrease of the absorbed quantity estipérature implies physisorptipr.
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Fig. 5.Effect of temperature on adsorption of galli acid onto pillared clay.

3.5- Adsorption isotherms
3.5.1- Langmuir isotherm
The Langmuir isotherm is based on the assumptioaisadsorption takes place at specific homogensites
within the adsorbent, there is no significant iat#éion among adsorbed species, and the adsorbsatuisated
after the formation of one layer of adsorbate angshbrface of adsorbent [7]. The Langmuir isothegquagion
can be written as follows:

Ce _ 1+ce

de bqmax  Amax

)

Where, Gis the equilibrium concentration of the remaingajute in the solution (mg/L).Gs the amount of the
solute adsorbed per mass unit of adsorbent atilequih (mg/g), ¢hax is the amount of adsorbate per mass unit
of adsorbent at complete monolayer coverage (mgfgl, b (L/mg) is a Langmuir constant. The,gand b
values were calculated from the slop&gd,.., ) and interceptsl({/bq,,,, ) of linear plots ofC,/q. versusC,

Fig. 6. The deducted parameters of adsorption ofgirauir isotherm are summarized in Table 3. The ot
found to be linear with good correlation coeffidnanging from 0.94 to 0.99. This indicates thpligpbility 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
Freundlich isotherm model can be used to desctibenbn-ideal adsorption of a heterogeneous systein a

reversible adsorption[9]. The isotherm is expressethe following equation:
_ 1/n
qe = KFCe (3)

This expression can be linearized to give the Yalhg equation:
logq, = logKy +%logCe 4)

Were, K-(mg/g) and n are Freundlich adsorption isothernstaoits. The values ofkand1/n are determined
from the intercept and slope of the linear regmssi A value for n above one indicates a normaliiaéch
isotherm while n values less than one are indieati¥ cooperative adsorption [7]. A plot bfg(q.) versus
log(C,) for the studied samples is shown in Fig.7. Theudesti parameters of adsorption of Freundlich
isotherm are summarized in Table 5. The plots i@uad to be linear with good correlation coeffidenanging
from 0.97 to 0.99. This indicates the applicabitfyFreundlich model in the present study. The lnesfor the

studied samples are more than unity and theredolggrption 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
Ky (mg/L) 0.06
Qm (mg/g) 11.82
FreundlichR, 0.96
K(g/L) 1.08
i 0.22

3.6- Thermodynamic parameters

Thermodynamic parameters have been determinedéoqualification of adsorption phenomenon of thiiga

acid on pillared clay of Boboyo. The deducted eatea ofAH® andAS® of the experimental data are found in

Table 6.

As illustrated from the results in Table 6, the atdége 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 insecticidéssts ofourpowdery formulations are presented in the Bidpelow. The results
show that the rate of mortality of insects caused by twe formulations increase as a function of
concentrations and the duration of exposure, buane lower than those of t poudrox. The differences
mortality between the concentrations are mognificant from the fourth day. Theyalso illustr that the
percentage of mortality of the large concentrafid#) in the seventh day is: 96% for the naturay,c88% for
the pillared clay. This shows thidite powde formulated by the pillared clay ise¢hmore insecticide. In additio
we find that the poudrox used herga positive control kills (800+2.50)% the first day and 100% of mortalit
is reachd in the second day. However powder made reached on average 80% of the ingette iseventl
day at a concentration of 4%. This allows us to destrate that the concentration of 4%, our extraetsave
exactly as thgoudrox. An increase in the time of exposure waqdtentiatemore ar powders. Thus we can s
that instead of using the poudrakich is very toxic to protect stored commoditjéd], the powdery
insecticides oPittosporum viridiflorum can be usedo protect our food stored with a good performaThe
Table 7 presentthe lethal doses required to kill 50% (s0) and 90% of the insects (). These results hay
been obtained by doing a logarithmic regressionsgteguations are t following:

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 thereisg oils of the same plant [15], reflect the ibBity
to use our extracts to comtsitophiluszeamais. Yet that the lower volatility of our extracts witiake them mor

malleable by the peasants.
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Fig.8. Mortality rate of Sitophiluszeamais as a function of the concentrations and the time feeach with

our powdery formulations

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% 8.074x143° 1.057X10

4-CONCLUSION

The study of the adsorption of extract of j-phenols by the pillaredlay is a contributic to a powdery
formulation of insecticide. This study had the to make our contribution to tlemhancement  poly-

phenoliccompounds and pillared clafyBoboyoas a support of organic compounds, with a viewltaio a
powdery formulation of thensecticide by adsorption poly-phenoliccompoundBy the clay. The study of tt
influence of some parameters on the retentiothese adsorbates has engaged our attention. Thebulark

can be summarized in the following poil

The adsorption of extract of pophenols is very fast and the balance ached 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 decreases with the incidadbe mass of adsorbent and the increase otthedratLe.

They grow with the increase of the initial concentratioh extract of pol-phenols.The amount adsorbe
increases in acid medium (pH7), decreases 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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