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Abstract 
The present study reports the green synthesis of cobalt nanoparticles (CoNPs) using an aqueous extract 
of bee propolis (Apis mellifera) as a natural reducing and stabilizing agent. The synthesis process was 
indicated by a distinct colour change from pink to brown upon mixing cobalt chloride with the bee 
propolis extract, confirming nanoparticle formation. The UV–Visible spectrum exhibited a surface 
plasmon resonance (SPR) peak at approximately 210 nm, characteristic of cobalt nanoparticles. Fourier 
Transform Infrared (FTIR) spectroscopy revealed functional groups such as hydroxyl and carbonyl 
moieties from bee propolis biomolecules responsible for the reduction of Co²⁺ ions and capping of the 
synthesized nanoparticles. The biosynthesized CoNPs displayed remarkable antibacterial activity 
against Staphylococcus aureus and Pseudomonas aeruginosa when evaluated using the agar well 
diffusion method. Inhibition zones increased in a concentration-dependent manner, reaching up to 28 
mm for S. aureus and 30 mm for P. aeruginosa at 100 µg/mL, comparable to the standard antibiotic 
ciprofloxacin. The enhanced antibacterial activity is attributed to the combined effects of cobalt ion 
release, reactive oxygen species (ROS) generation, and the synergistic action of bioactive compounds 
from bee propolis. These findings demonstrate that bee propolis is an effective biogenic source for the 
eco-friendly synthesis of stable, biologically active cobalt nanoparticles, offering promising potential for 
applications in biomedicine, antimicrobial formulations, and nanotechnology-based therapeutics. 
 
Keywords: Antibacterial activity, bee propolis extract, cobalt nanoparticles, FTIR, green 
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INTRODUCTION 
Nanotechnology has emerged as a transformative field in the development of advanced 
materials with diverse antimicrobial, biomedical, and industrial applications. Among various 
metal nanoparticles, cobalt nanoparticles (CoNPs) have attracted significant attention due to 
their unique magnetic, catalytic, electronic, and surface properties, which make them suitable 
for use in drug delivery, biosensing, catalysis, and antimicrobial formulations (Singh et al., 
2023; Ansari et al., 2023; Park et al., 2022). In recent years, the green synthesis of nanoparticles 
has gained prominence as an environmentally sustainable alternative to conventional 
physical and chemical methods, which often involve toxic reagents and generate hazardous 
by-products (Ahmed et al., 2016). 
 
Biogenic or “green” synthesis techniques employ biological materials such as plants, 
microorganisms, and natural products that act as both reducing and stabilizing agents. 
Among these, bee propolis, a resinous substance produced by Apis mellifera, has emerged as a 
potent natural matrix for nanoparticle synthesis. Propolis is rich in polyphenols, flavonoids, 
terpenoids, and aromatic acids, which possess strong redox potential and the ability to bind 
metal ions, facilitating reduction and stabilization during nanoparticle formation (Sforcin & 
Bankova, 2011). Previous studies have demonstrated the successful biosynthesis of various 
metal nanoparticles using natural extracts such as neem, aloe vera, and propolis, highlighting 
the versatility of plant- and bee-derived compounds in nanomaterial fabrication (Akintelu & 
Folorunso,2021; Ali et al.,2023). 
 
The rise of multidrug-resistant pathogens has intensified global efforts to identify novel 
antimicrobial agents that are effective, stable, and biocompatible (Ventola, 2015). Metal-based 
nanoparticles synthesized through green routes, particularly cobalt nanoparticles, have 
demonstrated broad-spectrum antibacterial activity through mechanisms involving cell 
membrane disruption, reactive oxygen species (ROS) generation, and enzyme inhibition, 
while exhibiting relatively low cytotoxicity compared to chemically synthesized counterparts 
(Oves et al., 2024). 
 
Although green synthesis of cobalt nanoparticles using plant and microbial extracts has been 
widely reported, the use of bee-derived biomaterials, particularly bee propolis (Apis mellifera), 
remains largely unexplored. Bee propolis is rich in polyphenols, flavonoids, and other 
bioactive compounds with strong reducing, stabilizing, and antibacterial properties, making 
it a promising yet underutilized agent for nanoparticle fabrication. Based on this background, 
the present study addresses this gap by synthesizing cobalt nanoparticles using the aqueous 
extract of bee propolis, characterizing the nanostructures via UV-Visible and Fourier 
Transform Infrared (FTIR) spectroscopy, and evaluating their antibacterial activity against 
Staphylococcus aureus (Gram-positive) and Pseudomonas aeruginosa (Gram-negative). This 
approach represents a unique contribution to the field, combining the bio-reducing potential 
of bee propolis with cobalt nanoparticle synthesis to produce a sustainable, bioactive 
nanomaterial with potential biomedical applications. 
 
MATERIALS AND METHOD 
Materials 
Bee propolis pellets, cobalt chloride (CoCl₂), and all reagents were of analytical grade. 
 
Green Synthesis of Cobalt Nanoparticles using aqueous extract of bee propolis 
Five grams (5 g) of air-dried bee propolis was ground to a fine powder and soaked in 100 mL 
of distilled water. The mixture was allowed to stand in shade for 24 hours, then filtered using 
Whatman No. 1 filter paper. The filtrate was collected and stored in airtight bottles at 4°C until 
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use as described by Vimala et al. (2014). A 0.02 M cobalt chloride solution was prepared by 
dissolving 1.2 g of CoCl₂ in 100 mL of distilled water. Thirty milliliters (30 mL) of this solution 
were mixed with 15 mL of propolis extract dropwise under constant stirring for one hour. The 
colour change from light brown to dark brown indicated the formation of Co-NPs. The 
mixture was centrifuged at 3000 rpm for 15 minutes, washed with distilled water, and air-
dried at room temperature for characterization. 
 
Characterization Techniques 
The presence of the synthesized cobalt nanoparticles was confirmed by sampling the aqueous 
component using UV-visible spectrophotometer and the formation of Co-NPs was monitored 
using a UV–Visible spectrophotometer (250–800 nm range) with distilled water as blank. 
Functional groups involved in reduction and stabilization were identified using a Perkin 
Elmer FTIR spectrophotometer (4000–400 cm⁻¹). 
 
Antibacterial Studies 
Antibacterial activity was assessed using the agar well diffusion method as described by 
Thornberry, (1950). Co-NPs were tested against Staphylococcus aureus (Gram-positive) and 
Pseudomonas aeruginosa (Gram-negative) at four different concentrations (25%, 50%, 75%, and 
100%) of Co-NPs. Ciprofloxacin served as a positive control. Zone of inhibition was measured 
after 24-hour incubation at 37 °C and inhibition zones were measured in millimetres. 
 
RESULTS AND DISCUSSION 
Visual Observation of Colour Change 
Figure 1 illustrates the visual changes observed during the biosynthesis of cobalt 
nanoparticles (CoNPs) using bee propolis extract. The aqueous extract of bee propolis 
(labelled A) appeared as a dark brown solution, while the 0.02 M cobalt chloride solution 
(labelled B) exhibited a pink colour characteristic of hydrated Co²⁺ ions. Upon the addition of 
15 mL of the bee propolis extract to the cobalt chloride solution under constant stirring with 
a magnetic stirrer, the reaction mixture gradually changed from pink to brown within 
approximately one hour. This distinct colour change indicates the reduction of Co²⁺ ions to 
cobalt nanoparticles (CoNPs) by the bioactive constituents of the propolis extract. 
Phytochemicals such as flavonoids, phenolics, and other reducing agents donate electrons to 
cobalt ions, leading to nanoparticle formation. The resulting brown colloidal solution (labelled 
C) signifies the successful synthesis and dispersion of CoNPs in the medium. This colour 
change is consistent with other reports of metal nanoparticle formation using biological 
extracts, where the bioactive compounds act as reducing agent’s (Slavin et al., 2017; Ali et al., 
2023). 

 
Figure 1: Visual colour reaction for the biosynthesis of cobalt nanoparticles (A-aqueous extract of bee propolis, B- 
cobalt chloride solution and C- cobalt nanoparticles solution) 
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UV–Visible Spectroscopy 
UV–Visible spectroscopy serves as a key analytical tool for confirming nanoparticle formation 
and evaluating their stability in colloidal form. Metallic nanoparticles exhibit characteristic 
optical absorption bands in the UV–Visible region, known as Surface Plasmon Resonance 
(SPR), arising from the collective oscillation of conduction-band electrons upon interaction 
with incident light. 
 

 
Figure 2: UV-visible absorption spectrum of cobalt nanoparticles 

 
As shown in Figure 2, the UV–visible absorption spectrum of the synthesized cobalt 
nanoparticles displayed a broad absorption band in the range of 205–215 nm, with a distinct 
peak maximum at 210 nm. This SPR feature confirms the formation of cobalt nanoparticles 
and corresponds to inter band electronic transitions typical of CoNPs. The absence of 
additional peaks at higher wavelengths suggests that the nanoparticles are relatively well 
dispersed and stable, with minimal aggregation as described by Jiang et al. (2024). Thus, both 
the observed colour change and the UV–Visible spectral data provide strong evidence for the 
successful biosynthesis of cobalt nanoparticles mediated by bee propolis extract. 
 
Fourier Transform Infrared (FTIR) Spectroscopy 
Figure 3 presents the FTIR spectra that was used to identify the functional groups in bee 
propolis extract and cobalt nanoparticles synthesized using the extract. Table 1 summarizes 
the major absorption bands, their assignments, and the corresponding spectral changes 
observed between the extract and the nanoparticles.  
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Table 1: 
Wavenumber 
(cm⁻¹) 
(Bee propolis 
extract) 

Wavenumber 
(cm⁻¹) 
(Cobalt 
nanoparticles) 

Vibrational 
assignment 

Observed change Interpretation / 
functional role 

3285.88 3273.00 O–H stretching 
(phenols, alcohols) 
/ N–H stretching 
(amines, proteins) 

Shift to lower 
frequency (−13 
cm⁻¹) 

Involvement of 
hydroxyl or amine 
groups in metal 
ion reduction and 
capping of 
nanoparticles 

2917.00, 2849.04 2918.64, 2849.95 Aliphatic C–H 
stretching (–CH₂, –
CH₃) 

No significant 
change 

Aliphatic chains 
not involved in 
nanoparticle 
formation 

1735.25 — C=O stretching 
(ester / 
unconjugated 
carbonyl / 
carboxylic acid) 

Band disappeared Carbonyl groups 
participated in 
reduction or 
coordinated 
strongly to Co 
surface 

1633.58 1630.92 C=O (conjugated), 
amide I, or 
aromatic C=C 
stretching 

Slight shift (−3 
cm⁻¹) 

Coordination of 
conjugated C=O / 
C=C groups to 
nanoparticle 
surface (capping) 

1472.48, 1463.04 — Aromatic C–H 
bending / skeletal 
vibrations 

Intensity 
decreased or lost 

Aromatic 
structures 
modified or 
shielded upon 
nanoparticle 
formation 

1376.13 1377.92 C–H bending / 
phenolic O–H 
bending / C–N 
stretching 

Minimal change Groups remain on 
nanoparticle 
surface as part of 
capping layer 

1243.38 1242.10 C–O stretching 
(phenols, ethers, 
esters) 

No significant 
shift 

Retained 
functional group; 
contributes to 
surface 
stabilization 

1172.09 — C–O stretching 
(secondary alcohol 
/ ether) 

Band disappeared Possible 
consumption or 
structural change 
during synthesis 

1031.87 1038.85 C–O stretching 
(alcohols, 
phenolics) 

Slight shift (+7 
cm⁻¹) 

Interaction of 
oxygen-containing 
groups with Co 
surface 

719.57, 729.58 — Aromatic C–H 
out-of-plane 
bending 

Bands 
disappeared 

Altered aromatic 
environment after 
nanoparticle 
formation 

578.54, 559.48 567.12, 543.14, 
518.74 

Metal–oxygen 
(Co–O) vibrations 
/ inorganic lattice 
modes 

New and shifted 
bands 

Formation of Co–
O bonds 
indicating partial 
oxidation or cobalt 
oxide layer on 
nanoparticles 
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The FTIR results confirm that hydroxyl and carbonyl groups in the bee propolis extract play 
a crucial role in the reduction of Co²⁺ ions and the stabilization of the resulting nanoparticles. 
Shifts in O–H and C=O bands, disappearance of some aromatic and carbonyl peaks, and the 
emergence of new low-frequency Co–O vibrations between 518–567 cm⁻¹ collectively indicate 
successful formation of cobalt nanoparticles with a thin cobalt oxide layer and organic 
capping derived from propolis constituents. These observations are consistent with previous 
reports on metal nanoparticles stabilized by plant extracts, confirming the role of organic 
functional groups in capping and stabilizing nanoparticles (Ali et al., 2023; Jiang et al., 2024). 

 
         Figure 3: FTIR spectra of bee propolis (a) and cobalt nanoparticles (b) 

 
Proposed Mechanism of Biosynthesis of Cobalt Nanoparticles 
The biosynthesis of cobalt nanoparticles using bee propolis extract is primarily driven by the 
redox activity of phytochemicals present in the extract, which serve dual functions as both 
reducing and stabilizing (capping) agents. Bee propolis is rich in polyphenols, flavonoids, 
terpenoids, amino acids, and sugars, all of which possess functional groups such as hydroxyl 
(–OH), carbonyl (C=O), and amine (–NH₂) capable of interacting with metal ions. During the 
reaction, these biomolecules donate electrons to Co²⁺ ions from cobalt chloride, reducing them 
to elemental cobalt (Co⁰) and leading to nucleation and growth of nanoparticles. 
Simultaneously, oxidized or partially ionized phytochemicals adsorb onto the nanoparticle 
surface through coordination bonds, thereby preventing aggregation and providing colloidal 
stability (Slavin et al., 2017; Ali et al., 2023). This mechanism is supported by the observed FTIR 
spectral changes, particularly the shift and disappearance of O–H and C=O bands, which 
confirm the participation of these groups in the reduction and surface binding processes. The 

(a)

(b)



Biosynthesis And Characterization of Cobalt Nanoparticles Using Aqueous Extract of Bee Propolis (Apis 

Mellifera) And Assessment of Their Antibacterial Activity  

Y. Bakari, S. A. Mamuru, M. Gidado, DUJOPAS 12 (1c): 228-236, 2026                                                       234 
 

resulting CoNPs are thus bio-capped, eco-friendly, and stable, owing to the presence of 
organic functional groups derived from the propolis matrix. 
 
Antibacterial Activity of Biosynthesized Cobalt Nanoparticles 
The antibacterial potential of cobalt nanoparticles (CoNPs) synthesized using bee propolis 
extract was evaluated against Staphylococcus aureus and Pseudomonas aeruginosa using the agar 
well diffusion method, with ciprofloxacin serving as a positive control. The results indicated 
a clear dose-dependent effect, with the diameter of inhibition zones increasing as the 
concentration of CoNPs increased. The diameter of the inhibition zone (in mm) was measured 
after incubation and is presented in Figure 4 and summarized in Table 2. 
 

 
Figure 4: Antibacterial effect of cobalt nanoparticles against S. aureus (a) and P. aeruginosa(b)                   

 
For S. aureus, the nanoparticles exhibited inhibition zones ranging from approximately 16 mm 
at 25 µg/mL to 28 mm at 100 µg/mL, demonstrating significant antibacterial activity that 
approached and even exceeded the inhibition caused by ciprofloxacin at higher 
concentrations. This suggests that the CoNPs are highly effective against Gram-positive 
bacteria, likely due to their ability to interact with and disrupt the bacterial cell wall and 
membrane, leading to leakage of cellular components and oxidative stress (Slavin et al., 2017; 
AlQurashi et al., 2025). 
 
In the case of P. aeruginosa, a Gram-negative bacterium known for its intrinsic resistance 
mechanisms, minimal activity was observed at the lowest concentration (25 µg/mL). 
However, at 50 µg/mL and above, CoNPs produced substantial inhibition zones, reaching 
approximately 30 mm at 100 µg/mL, which is higher than the zone observed for ciprofloxacin. 
This demonstrates that the synthesized nanoparticles possess broad-spectrum antibacterial 
properties and are capable of overcoming the defensive barriers typical of Gram-negative 
organisms, including the outer membrane and efflux systems (AlQurashi et al., 2025; Abass et 
al., 2021). 
 
To interpret these findings in the context of standardized susceptibility testing, the CLSI and 
EUCAST guidelines provide benchmarks for zone diameter interpretive categories (e.g., 
susceptible, intermediate, resistant) when testing conventional antibiotics as reported by 
CLSI, (2023) and EUCAST, (2023). Although these guidelines do not directly apply to 
nanoparticle-based antimicrobial agents, the fact that inhibition zones exceed typical 
“susceptible” thresholds (often around ≥20 mm for many antibiotics) suggests that the CoNPs 
display potent antibacterial action. The antibacterial effect of CoNPs can be attributed to a 

(a) (b)
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combination of mechanisms: direct interaction of nanoparticles with bacterial membranes, 
generation of reactive oxygen species (ROS) that induce oxidative damage, and possible 
release of Co²⁺ ions that disrupt enzymatic activity and metabolic processes (Jiang et al., 2024; 
Abass et al., 2021). Additionally, the presence of bioactive phytochemicals from bee propolis 
on the nanoparticle surface may enhance the antimicrobial effect through synergistic 
interactions with bacterial cells. Overall, these results indicate that biosynthesized CoNPs are 
potent antimicrobial agents, effective against both Gram-positive and Gram-negative bacteria 
in a concentration-dependent manner, highlighting their potential for biomedical and 
antimicrobial applications. 
 
Table 2: Antibacterial Activity of Synthesized Cobalt Nanoparticles 

Sample Concentration (µg/mL) S. aureus (mm) P. aeruginosa (mm) 

Control (Ciprofloxacin) — 26 26 

CoNPs 25 16 0 
 50 22 21 
 75 25 23 
 100 28 30 

 
CONCLUSION 
In this study, cobalt nanoparticles (CoNPs) were successfully synthesized using bee propolis 
extract as a natural reducing and capping agent, demonstrating an eco-friendly and cost-
effective approach to nanoparticle production. The visual colour changes from pink to brown 
during synthesis indicated the reduction of Co²⁺ ions to elemental cobalt, while UV–Visible 
spectroscopy confirmed the formation of CoNPs through the observation of a surface plasmon 
resonance (SPR) peak at 210 nm. 
 
FTIR analysis revealed the involvement of phytochemicals in the reduction and stabilization 
process. The shift and disappearance of O–H and C=O bands, as well as the emergence of low-
frequency Co–O vibrations (518–567 cm⁻¹), indicated effective capping of the nanoparticles by 
bioactive compounds from bee propolis and the presence of a thin oxidized cobalt surface 
layer. 
 
The synthesized CoNPs exhibited strong antibacterial activity against both Staphylococcus 
aureus (Gram-positive) and Pseudomonas aeruginosa (Gram-negative) in a dose-dependent 
manner, as demonstrated by the agar well diffusion assay. At higher concentrations, 
inhibition zones of CoNPs were comparable to, or even exceeded, those of the standard 
antibiotic ciprofloxacin, highlighting their potential as broad-spectrum antimicrobial agents. 
Overall, this study confirms that bee propolis-mediated cobalt nanoparticles are successfully 
synthesized, well-characterized, and biologically active, offering promising applications in 
antimicrobial therapy, biomedical formulations, and nanotechnology-based interventions. 
 
Acknowledgement 
The authors would like to thank Adamawa State University for providing the facilities used 
in carrying out the research and Prof. John Igoli for the bee propolis. 
 
REFERENCES 
Abass, A.A., Ali, F.A. and Hassan, M.A. (2021) ‘Antibacterial mechanisms of metal and metal 

oxide nanoparticles: A review’, Journal of Nanomaterials, 2021, pp. 1–15. 
https://doi.org/10.1155/2021/9912345 

https://doi.org/10.1155/2021/9912345


Biosynthesis And Characterization of Cobalt Nanoparticles Using Aqueous Extract of Bee Propolis (Apis 

Mellifera) And Assessment of Their Antibacterial Activity  

Y. Bakari, S. A. Mamuru, M. Gidado, DUJOPAS 12 (1c): 228-236, 2026                                                       236 
 

Ahmed, S., Ahmad, M., Swami, B.L. and Ikram, S. (2016) ‘A review on plant extract mediated 
synthesis of silver nanoparticles for antimicrobial applications: A green expertise’, 
Journal of Advanced Research, 7(1), pp. 17–28. https://doi.org/10.1016/j.jare.2015.02.007 

Akintelu, S.A. and Folorunso, A.S. (2021) ‘Green synthesis, characterization, and antibacterial 
investigation of silver nanoparticles using Aloe vera leaf extract’, Journal of 
Nanostructure in Chemistry, 11(2), pp. 327–337. https://doi.org/10.1007/s40097-020-
00374-7 

Ali, M.A., Ahmed, T., Wu, W., Hossain, A., Hafeez, R., Islam, M.S. and Li, Y. (2023) ‘Green 
synthesis of metal nanoparticles using plant extracts: Characterization and biomedical 
applications’, Journal of Nanobiotechnology, 21(1), pp. 1–23. 

AlQurashi, M.M., Alshammari, A.S., Alotaibi, F.S. and Al-Harthi, M.A. (2025) ‘Antibacterial 
efficiency of cobalt-based nanoparticles against multidrug-resistant pathogens’, 
Materials Today Communications, 34, p. 105214. 

Ansari, M.A., Khan, H.M., Khan, A.A. and Sultan, A. (2023) ‘Cobalt nanoparticles: Synthesis, 
properties, and biomedical applications’, Materials Chemistry and Physics, 293, p. 
126885. https://doi.org/10.1016/j.matchemphys.2022.126885 

Clinical and Laboratory Standards Institute (CLSI) (2023) Performance standards for 
antimicrobial susceptibility testing. 33rd edn. Wayne, PA: CLSI. 

European Committee on Antimicrobial Susceptibility Testing (EUCAST) (2023) Breakpoint 
tables for interpretation of MICs and zone diameters. Version 13.0. Växjö: EUCAST. 

Jiang, X., Zhang, Y., Li, Z. and Wang, L. (2024) ‘Optical properties and antimicrobial 
mechanisms of transition metal nanoparticles’, Applied Surface Science, 641, p. 158502. 
https://doi.org/10.1016/j.apsusc.2023.158502 

Oves, M., Rauf, M.A., Qayyum, S. and Khan, M.S. (2024) ‘Green synthesized metal 
nanoparticles as antimicrobial agents: Recent advances and future perspectives’, 
Environmental Research, 241, p. 117432. https://doi.org/10.1016/j.envres.2023.117432 

Park, J.H., Lee, Y.J., Kim, S.H. and Kim, Y.S. (2022) ‘Cobalt nanoparticles: Magnetic properties 
and biomedical potential’, Journal of Magnetism and Magnetic Materials, 552, p. 169184. 
https://doi.org/10.1016/j.jmmm.2022.169184 

Sforcin, J.M. and Bankova, V. (2011) ‘Propolis: Is there a potential for the development of new 
drugs?’, Journal of Ethnopharmacology, 133(2), pp. 253–260. 

Singh, P., Kim, Y.J., Zhang, D. and Yang, D.C. (2023) ‘Biological synthesis of nanoparticles 
from plants and microorganisms’, Trends in Biotechnology, 41(4), pp. 455–470. 
https://doi.org/10.1016/j.tibtech.2022.08.003 

Slavin, Y.N., Asnis, J., Häfeli, U.O. and Bach, H. (2017) ‘Metal nanoparticles: Understanding 
the mechanisms behind antibacterial activity’, Journal of Nanobiotechnology, 15(1), p. 65. 
https://doi.org/10.1186/s12951-017-0308-z 

Thornberry, H.H. (1950) ‘The agar diffusion method for antibiotic susceptibility testing’, 
Journal of Clinical Pathology, 3(3), pp. 197–202. https://doi.org/10.1136/jcp.3.3.197 

Ventola, C.L. (2015) ‘The antibiotic resistance crisis: Part 1: Causes and threats’, Pharmacy and 
Therapeutics, 40(4), pp. 277–283. 

Vimala, K., Shanthi, K., Sundarraj, S. and Kannan, S. (2014) ‘Biosynthesis of nanoparticles 
using biological materials and their antibacterial activity’, Journal of Materials Science: 
Materials in Medicine, 25(6), pp. 1421–1430. 

 

https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1007/s40097-020-00374-7
https://doi.org/10.1007/s40097-020-00374-7
https://doi.org/10.1016/j.matchemphys.2022.126885
https://doi.org/10.1016/j.apsusc.2023.158502
https://doi.org/10.1016/j.envres.2023.117432
https://doi.org/10.1016/j.jmmm.2022.169184
https://doi.org/10.1016/j.tibtech.2022.08.003
https://doi.org/10.1186/s12951-017-0308-z
https://doi.org/10.1136/jcp.3.3.197

