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Abstract
Plant nanomaterial research becomes a main focus for developers working on biotechnological or biological
fields. The use of seeds for the synthesis of nanoparticles is a simple route towards eco-friendly and sustainable
nanotechnology area. Present work describes the synthesis, optimization and effect of condition reactions such
as temperature, pH, incubation time and reactants quantities using seed kernels of Ricinodendron heudelotii
(Baill) Pierre Pax. Ultraviolet-spectroscopy studies confirmed that the synthesis speed increases by affecting
these factors. The silver nanoparticles exhibit an absorption peak around 415-442 nm.
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Introduction

et al., 2013) or Tamarindus indica (Edison et al.,

Nanotechnology is concerned with the synthesis of

2015).

nanoparticles of variable sizes, shapes and chemical
composition and their use for human benefits (Kaur

Ricinodendron heudelotii (Euphorbiaceae) is a fast-

et al., 2013). Nanoparticles are based on small well

growing late secondary forest tree found in the

defined aggregates of the Noble metals in the zero

Guinean Congolean humid forest of West and Central

valent state (Tauran et al., 2013). Numerous

Africa (Plenderleith, 2006; Noumi, 1984). It is valued

techniques have been developed to synthesize Noble

for its distinctively-flavoured seeds, most commonly

metal

chemical

called “ndjanssang”, which are dried and ground and

methods (e.g., chemical reduction, photochemical

used as a flavouring and thickning agent in food

reduction, coprecipitation, thermal decomposition,

(Plenderleith, 2006; Tchiegang, 1997; Mosso,1998).

hydrolysis, etc.) and physical methods (e.g., vapor

Ricinodendron heudelotii tree reach up to 50 m in

deposition, laser ablation, grinding, etc.) The ultimate

height and 2.7 m in girth, or a diameter of 150 cm

goal is to obtain nanoparticles with a high level of

(Plenderleith, 2006). The fruit is an indehiscent

homogeneity and provide fine control over size, shape

drupe weighing about 20 g., flattened at the apex and

and surface properties (Feldheim and Foss, 2001).

the base, yellow-green in maturity, turning black,

These methods suffer from various limitations such as

with 2 or 3 lobes, a fleshy exocarp and a woody

low yield, cost ineffectiveness, toxicity and instability

endocarp containing 2-3 seeds (Ambe, 1997; Vivien

(Huang et al., 2007; Sharma et al., 2009).

and Faure, 1996). The seeds kernels are white

nanoparticles,

including

both

(Dalziel, 1948) and soft, and cannot be freed easily
Recently, plant mediated nanomaterial has drawn

from the shells. They are a food of interest for

more attention due to its vast application in various

underdeveloped populations due to high levels of fats,

fields due to their physic-chemical properties. The

49.25-63.5% (more than cotton or soybeans), and

different metallic nanoparticles such as gold, silver,

proteins 49.89-65.16 % (Tiki et al., 2000 ; Fondoun et

platinum, zinc, copper, titanium oxide, magnetite and

al., 2000 ; Tchiegang et Mezazjoug Kenfack, 2003).

nickel were synthesized from natural resources and

The fatty acids consist mainly of a high level of

have been studied exclusively. Silver nanoparticles

linoleic acid, a polyunsaturated fatty acid (60.32%),

have

were

oleic acid, a monounsaturated fatty acid (14.66%),

effectively disrupting the polymer subunits of cell

and two saturated fatty acids, stearic acid (12.95%)

membrane in pathogenic organisms. The reciprocal

and palmitic acid (12.08%) (Tane, 1997; Kapseu et al.,

action of nanoparticles subsequently breaks the cell

1998). In ndjanssang flour the percentage of essential

membrane

synthesis

amino acids in total amino acids is 35.5%, which is

mechanism in the bacterial system (Sondi and

higher than the normal value for a well-balanced

Salopek-Sondi, 2004).

protein feed (Tchiegang et al., 1998). To our

antibacterial

and

activities.

disturbs

the

The

AgNPs

protein

knowledge, Ricinodendron heudelotii seeds kernel
The different parts of plant such as stem, root, fruit,

have not been used for the green silver synthesis of

seed, callus, peel, leaves and flower are used to

nanoparticles.

syntheses of metallic nanoparticles in various shapes
and sizes by biological approaches (Kuppusamy et al.,

The present study deals with the biosynthesis of silver

2015). Seed mediated biosynthesis of nanoparticles

nanoparticles, using Ricinodendron heudelotii seeds

examples have been reported for the fenugreek

kernels. The impact of reacting conditions such as

(Mittal et al., 2013), star anise Illicium verum (Luna

pH, incubation time or temperature is demonstrated.

et al., 2015), Foeniculum vulgare (Showmya et al.,
2012), Vigna radiata (Choudhari et al., 2015),

Materials and methods

Mimusops elengi (Kumar et al., 2014), Olive (Khadri

Materials
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Silver nitrate (AgNO3) was obtained from Sigma-

extract quantities named (5 mL, 10 mL and 15 mL),

Aldrich chemicals Germany, H2SO4 98% from Merck

using 50 mL of different concentrations of AgNO3 (10-

KGaA Darmstadt Germany and NaOH from R. P.

3

Normapur Prolabo Paris and used as received. De-

pressure. The resulting solutions were 1 min hand

ionized water was used throughout the reactions. Dry

shaken and incubate in the dark. The color of the

seed kernels of Ricinodendron heudelotii (Baill)

solutions changed from initial white (which is the

Pierre Pax (figure 1) were procured from local market,

color of the Ricinodendron heudelotii extract) to

Douala, Cameroon, and identified at the national

yellowish brown after 24 h of incubation. In addition

herbarium of Cameroon by TADJOUTEU Fulberg

of room temperature (30 °C) the study was done at 50

under number of deposit 19695/SRF Cam. All glass

and 80 °C to investigate the effect of temperature

wares were washed with dilute nitric acid (HNO3) and

following the sample of 10 mL extract and 10-3 M

de-ionized water, and then dried in hot air oven.

AgNO3 during 30 minutes. Different pH values 2, 4,

Solutions of

AgNO3 10-3

M,

10-2

M and

10-1

M were

prepared in de-ionized water.

M, 10-2 M, 10-1 M) at room temperature and

6, 8, 10 and 12 were chosen for investigation of pH
effect in speed of silver nanoparticles formation. The
pH of the solutions was adjusted using 0.1 N H2SO4

Instrumentation

and 0.1 N NaOH solutions.

The formation of Ag-nanoparticles was observed by
measuring the UV-Vis spectrum of 2.5 mL of the

Visual observation

reaction suspension at different time intervals. If

The

absorbance higher than 4.5 u.a., the sample were

preliminarily well known by changing of yellow to

dissolve by a factor of ½ with distilled water. An UV-

brown while adding leaf extract with silver ion

visible Uviline 9100 spectrophotometer operated at

solution due to the excitation of free electrons in the

with 1 nm resolution with optical length of 10 mm.

nanoparticles (Safaepour et al., 2009). Using the

UV-visible analysis of the reaction mixture was

extract of Ricinodendron heudelotii kernels, the

observed for a period of 300s. The UV-Vis spectrum,

colour change is from white to yellow brown (see

known as the surface Plasmon absorption band, is

figure 2) and the formation was occurs in 24 hours at

produced by the movement of the conduction

room temperature (30°C).

formation

of

silver

nanoparticles

was

electrons on the particles as a consequence of the
incident electric field light, which results in a

Results and discussion

displacement of the negative and positive charges in

UV-visible Spectroscopic Ag-nanoparticles studies

the metal (Slistan-Grijalva et al., 2005).

Nanoparticle formation and incubation contact time
The absorption spectra of the synthesized silver

Aqueous extract preparation

nanoparticles were recorded against water in order to

Ricinodendron heudelotii seed kernels were surface

monitor the formation and stability

cleaned with running tap water followed by de-

nanoparticles.

of silver

ionisided water to remove all the dust and unwanted
visible particles. Aqueous extract of Ricinodendron
heudelotii was prepared by boiling 10g of grinded
Ricinodendron heudelotii kernels in 100 mL deionized water for 5 min at 80 °C. The extract was
centrifugated 10 minutes at 3500 rpm to remove
particulate matter, get clear solutions and stored at 4°C for further use (1 week).
Biosynthesis of silver nanoparticles

Fig. 1. Seed kernels of Ricinodendron heudelotii,

The different experiments where done for three

each kernel measures above 1 cm diameter.
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The color change of the mixture solution kernel
extract and silver ion is first recorded through visual
observation. Colors of silver nitrate, Ricinodendron
heudelotii seed kernel extract and silver nanoparticles
solution is shown on figure 2. The evolution of the
surface plasmon absorbance bands during the
synthesis of silver nanoparticles using 5 mL, 10 mL
and 15 mL of kernel extract, and 50 mL of different
concentrations of AgNO3 (10-3 M, 10-2 M, 10-1 M) is
shown on the chart on figure 3. The visible spectra

Fig. 2. Silver nitrate, Ricinodendron heudelotii seed
kernel extract, Ag nanoparticles solution.

have been recorded at 24 hours and 96 hours of
incubation time in the dark to eliminate silver ions
photoactivation.

Fig. 3. UV-Vis spectra chart of different quantities of extract and of silver nitrate in function of time.
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The solution color is changing within 24 hours to

incubation time, have been observed for olive seeds

yellow brown due to vibration of plasmons at the

(Khadri et al., 2013), 3 hours for Foeniculum vulgare

colloid surface indicating the formation of silver

seeds (Showmya et al., 2012) and Vigna radiate seeds

nanoparticles. In previous studies, 6 hours of

(Choudhary et al., 2015).

Fig. 4. UV-Vis spectra of the variation of extract quantities 5, 10, 15 mL.
At the 96 hour slight band increase is observed

the range 429-442 nm due to surface plasmon

indicating continuous reduction of silver ions and

resonance (Mulvaney, 1996) of Ag-nanoparticles.

concentration of silver nanoparticles. At
10-2

M and

After 24 hour incubation, the absorbance increases as

M concentrations of the silver ions with the

the concentration of the Ricinodendron heudelotii

different

Ricinodendron

concentrations

the

10-1

heudelotii

nanoparticles

are

extract

kernel extract increases (see figure 4).

generally

aggregate because of the deficiency of molecule of leaf

Effect of temperature

extract to act as protecting agents. The barrier

Temperature is one of the important physical

potential developed as a result of the competition

parameter for synthesis of nanoparticles. Synthesis of

between weak Van der Waals forces of attraction and

nanoparticles generally increases while increasing the

electrostatic repulsion is broken (Prathna et al.,

reaction temperature (Bashir et al., 2013). Figure 5

2011). The seed Kernel extract from Ricinodendron

shows UV-visible spectra of the Ag-nanoparticles

heudelotii act as reductant as well as capping agent,

prepared at 30, 50 and 80 degree Celsius during 30

therefore

minutes. It can be seen that the absorbance increases

mediate

the

synthesis

as

well

as

stabilization of the silver nanoparticles. It can be seen

with

that

suggests that the rate of nanoparticle synthesis using

the

absorbance

band

maxima

of

Ag-

nanoparticles using Ricinodendron heudelotii is in
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Ricinodendron

temperature.
heudelotii

This

kernels

experiment
at

room
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speed-up

by

increasing

increase

in

production

of

colloidal

silver

temperature of the reaction mixture. The Plasmon

nanoparticles and reduction rate. Furthermore, it is

resonance bands slightly reduced (415-419 nm) due to

observed

the formation of smaller silver nanoparticles (see

nanoparticles appeared shortly after mixing the

figure 5). Thus, it can be established that higher

AgNO3 with the extract at pH 8 to 12. At pH 10, the

temperature is the optimal reacting condition for the

sharp surface Plasmon resonance band indicates that

Ricinodendron

a monodisperse suspension occurs and a broad band

heudelotii

kernel

extract

Ag

nanoparticles synthesis.

that

the

yellow-brown

color

of

the

at pH 12 indicating a polydispersion. In previous
studies, no absorbance have been obtained at acid
pH, and aggregation at higher pH for Calendula
officinalis seed extract (Baghizadeh et al., 2015).

Fig.

5. UV-Vis spectra after 30 minutes of

temperature variation from 30 to 80°C during silver
nanosynthesis.
Fig. 7. Colors of Ag nanoparticles solution at pH 2, 4,
6, 8, 10, 12.
Conclusion
The present study is regarding the green synthesis of
silver nanoparticles from Ricinodendron heudelotii
(Baill)

Pierre

Pax

seed

kernels

extract,

the

optimization and reaction condition studies. It is
confirmed that silver nanoparticles could be obtained
at

increasing

temperature

rate
or

pH

affecting
as

well

factors
as

the

such

as

extract

Fig. 6. UV-Vis spectra after one hour of reaction of

concentration. The obtained nanoparticles are of

the variation of pH.

great potential in health domains such as in the
control of anti-infectious diseases or antimicrobial

Effect of pH

agent.

PH plays an important role in the nanoparticles
synthesis, this factor induces the reactivity of extract

Acknowledgment

with silver ions (Vanaja et al., 2013). The UV-Visible

The authors thank the Multidisciplinary Laboratory

following the pH during the formation of silver

of the Faculty of Medicine and Pharmaceutical

nanoparticles from pH 2 to 12 is shown on figure 6.

Sciences, Department of Pharmaceutical Sciences for

The variation of color is on figure 7. It can be seen

technical and financial support. Support of Word

that Plasmon absorbance bands increases with

University Service under APA 2668 for providing the

increasing pH from 2 to 12, which can be due to the

equipments used is appreciate.

52 Meva et al.

Int. J. Biosci.

2015

References

Wang H, Wang Y, Shao V, He N, Hong J, Chen

Ambe GA. 1997. Ricinodendron heudelotii (Baill.)

C. 2007 Biosynthesis of silver and gold nanoparticles

Pierre ex Pax. Herbier Horticole du Jardin Botanique

by novel sundried Cinnamomum camphora leaf.

National de Belgique, Côte d'Ivoire, 223.

Nanotechnology 18, 1-11.
http://dx.doi.org/10.1088/0957-4484/18/10/105104

Baghizadeh A, Ranjbar S, Gupta VK, Asif M,
Pourseyedi S, Karimi MJ, Mohammadinejad

Kapseu

R. 2015. Green synthesis of silver nanoparticles using

Parmentier

C,

Jiokap

seed extract of Calendula officinalis in liquid phase.

consommation et de la composition des oleagineux au

Journal of Molecular Liquids 207, 159-163.

Cameroun. Biosciences Proceedings, Cameroun 5,

http://dx.doi.org/10.1016/j.molliq.2015.03.029

349-355.

M.

NY,

1998.

Tchiegang

Variations

C,

de

la

Kaur H, Kaur S, Singh M. 2013. Biosynthesis of
Bashir

A,

Javid

A,

Shumaila

B.

2013.

silver nanoparticles by natural precursor from clove

Optimization and Effects of Different Reaction

and their antimicrobial activity. Biologia 68, 1048-

Conditions for the Bioinspired Synthesis of Silver

1053.

Nanoparticles Using Hippophae rhamnoides Linn.

http://dx.doi.org/10.2478/s11756-013-0276-1

Leaves Aqueous Extract. World Applied Sciences
Journal 22(6), 836-843.

Khadri H, Alzohairy M, Janardhan A, Kumar

http://dx.doi.org/10.5829/idosi.wasj.2013.22.06.739

AP, Narasimha G. 2013. Green Synthesis of Silver

4

Nanoparticles with High Fungicidal Activity from
Olive Seed Extract. Advances in Nanoparticles 2, 241-

Choudhary MK, Kataria J, Cameotra SS, Singh

246.

J. 2015. A facile biomimetic preparation of highly

http://dx.doi.org/10.4236/anp.2013.23034

stabilized silver nanoparticles derived from seed
extract of Vigna radiate and evaluation of their

Kumar

antibacterial

Maddinedi SB, Kumar TS, Madhiyazhagan P,

activity.

Applied

Nanosciences.

http://dx.doi.org/10.1007/s13204-015-0418-6

HAK,

Mandal

Ghosh AR. 2014.

BK,

Kumar

KM,

Antimicrobial and antioxidant

activities of Mimusops elengi seed extract mediated
Dalziel JM. 1948. The Useful Plants of West

isotropic silver nanoparticles. Spectrochimica Acta

Tropical Africa. London, Crown Agents for the

Part A: Molecular and Biomolecular Spectroscopy

Colonies.

130, 13-18.
http://dx.doi.org/10.1016/j.saa.2014.03.024

Edison TNJI, Sethuraman MG, Lee YR. 2015.
NaBH4 reduction of ortho and para-nitroaniline

Kuppusamy P, Yusoff MM, Maniam GP,

catalyzed by silver nanoparticles synthesized using

Govindan

Tamarindus indica seed coat extract. Research on

nanoparticles using plant derivatives and their new

Chemical Intermediates.

avenues in pharmacological applications – An

http://dx.doi.org/10.1007/s11164-015-2051-0

updated

N.

report.

2015.

Saudi

Biosynthesis

of

Pharmaceutical

metallic

Journal.

http://dx.doi.org/10.1016/j.jsps.2014.11.013
Feldheim DL, Foss CA. 2001. Metal nanoparticles
synthesis, characterization, and applications. New

Luna C, Chávez VHG, Barriga-Castro ED,

York: Marcel Dekker Inc, 360.

Núñez

NO,

Mendoza-Reséndez

R.

2015.

Biosynthesis of silver fine particles and particles
Huang J, Li Q, Sun D, Lu Y, Su Y, Yang X,

53 Meva et al.

decorated with nanoparticles using the extract of

Int. J. Biosci.

2015

Illicium verum (star anise) seeds. Spectrochimica

Geraniol and Its Cytotoxicity against Fibrosarcoma-

Acta

Wehi 164. Avicenna Journal of Medical Biotechnology

Part

A:

Molecular

and

Biomolecular

Spectroscopy 141, 43–50.

2, 111-115.

http://dx.doi.org/10.1016/j.saa.2014.12.076
Sharma VK, Yngard RA, Lin Y. 2009. Silver
Mittal AK, Chisti Y, Banerjee UC. 2013.

nanoparticles: green synthesis and their antimicrobial

Synthesis of metallic nanoparticles using plant

activities. Advances in Colloid and Interface Science

extracts.

145, 83-96.

Biotechnology

Advances

31,

346-356.

http://dx.doi.org/10.1016/j.biotechadv.2013.01.003

http://dx.doi.org/10.1016/j.cis.2008.09.002

Mulvaney P. 1996. Surface plasmon spectroscopy of

Showmya

nanosized metal particles. Langmuir 12, 788-800.

Thiyagarajan

http://dx.doi.org/10.1021/la9502711

Venkatachalam P, Geetha N. 2012. Rapid green

JJ,

Harini
M,

K,

Pradeepa

Manikandan

M,

R,

P.

synthesis of silver nanoparticles using seed extract of
Mosso K, Kouadio N, Coulibaly S., Kounam

Foeniculum vulgare and screening of its antibacterial

KG. 1998. Utilisation alimentaires des amandes du

activity. Plant Cell Biotechnology and Molecular

Ricinodendron heudelotii (AKPI) en Côte d’Ivoire.

Biology 13(1-2), 31-38.

Actes du

2e

Seminaire Safou du 3 au 5 Decembre 1996

à Ngaoundere, Ed. Kapseu C. et Kayem G. J, Presse

Slistan-Grijalva A, Herrera-Urbina R, Rivas-

universitaire du Cameroun, 325-331.

Silva JF, Àvalos-Borja M, Castillòn-Barraza

http://dx.doi.org/10.4314/aga.v17i2.1664

FF, Posada-Amarilla A. 2005. Classical theoretical
characterization of the surface plasmon absorption

Noumi E. 1984. Les plantes à épices, à condiments

band for silver spherical nanoparticles suspended in

et à aromates du cameroun. Thèse de Doctorat 3e

water and ethylene glycol, physica E27, 104-112.

cycle, Faculté des Sciences, Université de Yaoundé,

http://dx.doi.org/10.1016/j.physe.2004.10.014

Cameroun, 1-166.
Sondi

I,

Salopek-Sondi

B.

2004.

Silver

Plenderleith K. 2006. Ricinodendron heudelotii, A

nanoparticles as antimicrobial agent: a case study on

State of Knowledge Study undertaken for the Central

E. coli as a model for Gram-negative bacteria. Journal

African Regional Program for the Environment.

of Colloid and Interface Science 275, 177-182.

Central

http://dx.doi.org/10.1016/j.jcis.2004.02.012

African

Regional

Program

For

The

Environment, Oxford Forestry Institute, Department
of Plant Sciences, University of Oxford, United

Tane R. 1997. Etude de la valeur nutritionnelle du

Kingdom, 1-44.

ndjansang (Ricinodendron heudelotii). Faculté des
Sciences Agronomiques et Biologiques Appliquées,

Prathna TC, Chandrasekaran N, Raichur MA,

Université de Gent, Belgium.

Mukherjee A. 2011. Biomimetic synthesis of silver
nanoparticles by citrus limon (lemon) aqueous

Tauran Y, Brioude A, Coleman AW, Rhimi M,

extract and theoretical prediction of particle size.

Kim B. 2013. Molecular recognition by gold, silver

Colloids Surface B. 82, 152-159.

and copper nanoparticles. World Journal of Biological

http://dx.doi.org/10.1016/j.colsurfb.2010.08.036

Chemistry 26, 35-63.
http://dx.doi.org/10.4331/wjbc.v4.i3.35

Safaepour M, Shahverdi AR, Shahverdi HR,
Khorramizadeh MR, Gohari AR. 2009. Green

Tchiegang C, Mezajoug Kenfack LB. 2003.

Synthesis of Small Silver

Influence du pH, temperature and ionic strengh on

54 Meva et al.

Nanoparticles Using

Int. J. Biosci.

2015

some functional properties of defatted flour from

Tchiegang

Ricinodendron heudelotii (Bail) and Tetracarpidium

Ngassoum MB. 1997. Amandes des Ricinodendron

conophorum

heudelotii (Bail) : Matiere premiere potentielle pour

(Müll.

Arg.).

Journal

of

Food

Technology, Pakistan 1(3), 133-138.

C,

Kapseu

C,

Ndjouenkeu

R,

les industries agroalimentaires tropicales. Journal of
Food Engineering 32, 1-10.

Tchiegang C, Mezajoug Kenfack LB, Tenin D,
Ndjouenkeu

and

Tiki MT, Fondoun JM, Tchiegang C. 2000.

functional properties of defatted cakes from two

R.

2006.

Chemical composition of Ricinodendron heudeulotii:

Euphorbiaceae

An indigenous fruit tree in southern Cameroon.

from

Physicochemical

Cameroon:

Ricinidendron

heudeulotii (Bail) and Tetracarpidium conophorum

African Crop Science Journal 8, 195-201.

(Müll. Arg.). Journal of Food Technology 4(2), 96-

http://d.doi.org/10.4314/acsj.v8i2.27710

100.
Vanaja M, Rajeshkumar S, Paulkumar K,
Tchiegang C, Kapseu C, Mapongmetsem PM.

Gnanajobitha G, Malarkodi C, Annadurai G.

1998. Intérêt nutritionnel de la domestication d’une

2013. Kinetic study on green synthesis of silver

euphorbiacee, le Ricinodendron heudelotii (Bail.). In:

nanoparticles using Coleus aromaticus leaf extract.

Regional 66 Symposium on Agroforestry Research

Advances in Applied Science Research 4(3), 50-55.

and Development in Humid Lowlands of West and
Central Africa. Edited by Duguma, B. and Mallett, B.

Vivien J, Faure JJ. 1996. Fruitiers Sauvages

CIRAD, Yaoundé. 105-112.

d'Afrique: Espèces du Cameroun, Ministère Français
de la Coopération. Centre Technique de Coopération
Agricole et Rurale.

55 Meva et al.

