
 

                                                                   Int. J. Nanosci. Nanotechnol., Vol. 18, No. 1, March 2022, pp. 79-92 

79 

Short Communication 

 

Cocoa Pod Husks as Precursors for 

Biosynthesis of Carbon Dots as Potential 

Bioimaging Tool 
 

Ashreen Norman
1,2

, Ahmad Kamil Mohd Jaaffar
3
, Nazzatush Shimar Jamaludin

4
,  

Yuki Shirosaki
5
, Norazalina Saad

6
 and Che Azurahanim Che Abdullah

1,2,6,*
 

 
1
Biophysics Laboratory, Department of Physics, Faculty of Science, Universiti Putra 

Malaysia, 43400 UPM Serdang, Selangor, Malaysia 
2
Nanomaterial Synthesis and Characterization Lab, Institute of Nanoscience and 

Nanotechnology, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia 
3
Malaysian Cocoa Board, 5 – 7th Floor, Wisma SEDCO, Lorong Plaza Wawasan, Off Coastal 

Highway, Locked Bag 211, 88999 Kota Kinabalu, Sabah, Malaysia 
4
Department of Chemistry, Universiti of Malaya, 50603 Kuala Lumpur, Malaysia 

5
Department of Materials Science, Faculty of Engineering, Kyushu Institute of Technology, 

Tobata Campus, 1-1 Sensui-cho, Tobata-ku, Kitakyushu-shi, Fukuoka, 804-8550, Japan 
6
UPM-MAKNA Cancer Research Laboratory, Institute of Bioscience, Universiti Putra 

Malaysia, Serdang, Selangor, Malaysia 

 

(*) Corresponding author: azurahanim@upm.edu.my 
(Received: 09 September 2021 and Accepted: 03 January 2022) 

 

Abstract 
   Recent zero-dimensional carbon dots (CDs) have dominated the world of nanomaterials due to their 

ease of synthesis and nature of their precursors. The aim of this study is to synthesize, characterize and 

evaluate cytotoxicity of CDs from agricultural waste CPH for its potential use in the bioimaging field. 

The TEM analysis and particle size distribution curve revealed that the particles had a diameter of 10-30 

nm, sphere-shaped and exhibited lattice fringes with a d-spacing of 0.196 nm. XRD analysis revealed a 

broad peak at 2Ɵ = 20.71°, indicating the existence of carbon. FTIR confirmed the presence of multiple 

functional chemical groups on the surface of the CPH CDs consist of C=O, N–H, C–N, and C–O–C. Due 

to the electronic transition’s characteristic of CDs, the UV-Vis absorption spectrum revealed two distinct 

peaks at 235 and 293 nm.  PL spectra of CPH CDs revealed a red shift in the emission peak from 400 to 

410 nm as the excitation wavelength increased from 320 to 380 nm. We used brine shrimp and human 

colon adenocarcinoma cells (Caco2) in vitro to determine the cytotoxicity of CPH CDs. In terms of brine 

shrimp assay, we found that 0.001 mg/ml showed lower lethality percentage with 57.93 ± 9.77 %.  The 

cytotoxicity of CPH CDs was assessed in vitro using the MTT assay and Caco2 cell line's viability 

decreased with increasing concentration (IC50 = 155 ug/ml). Due to their favorable properties and low 

cytotoxicity, CPH CDs have the potential to be used as bioimaging tools.  

Keywords: Carbon dots, Cocoa pod husks, Brine shrimp assay, Bioimaging, Natural precursors. 

 

1. INRODUCTION

Carbon dots (CDs) are one of several 

nanomaterials that have recently captured 

the attention of researchers. CDs are quasi-

spherical and have a diameter of less than 

10 nanometers. Additionally, they are 

referred to as carbon nanodots, graphene 

quantum dots, or carbon quantum dots [1]. 

CDs have a wide range of applications in 

medicine, including in-vitro cell imaging 

[2], theranostic application [3], vitamin 

B12 sensing [4], and as antibacterial agents 

[5]. Additionally, CDs have been used to 
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detect pesticides in water [6], as well as 

metal ion sensors [7]. Numerous studies 

have been conducted on how CDs are 

manufactured in this technological age by 

utilizing natural resources. Bhamore and 

colleagues [8] used the Manilkara zapota 

fruit to create a full spectrum of colourable 

compact discs. The solution was treated 

with a variety of acids, including 

phosphoric and sulphuric acid. When 

tested on HeLa cells, the product was 

found to be relatively non-toxic. 

Ramanarayanan & Swaminathan [9] used 

the hydrothermal method to create CDs 

from guava leaves in another experiment. 

They synthesized CDs had photocatalytic 

activity for the degradation of methylene 

blue dye. Additionally, Diao and 

colleagues [10] demonstrated that the CDs 

obtained could detect Fe
3+

 and H
+
 using 

the plant Syringa oblata Lindl. Another 

study in 2018 had successfully produced 

CDs using coffee bean shells where it had 

displayed its ability in imaging cellular 

nuclei and tumours in vivo [11].  These 

experiments demonstrated that CDs with 

desirable properties can be synthesized 

from relatively uncomplicated organic 

starting materials. Additionally, the entire 

study consists of green synthesized CDs 

created using simple bottom-up techniques. 

Malaysia is home to a diverse range of 

major industries. One of them is 

agriculture. Our agricultural industry 

generates a great deal of waste. Biomass is 

known as renewable energy from plants 

and animals. In literature, there are many 

instances where biomass has been 

employed to develop CDs with various 

applications, summarized in Table 1. These 

wastes have the potential to be converted 

into functional nanomaterials.  

The CDs used in this study are made 

from cocoa pod husks (CPH). It is 

scientifically referred to as Theobroma 

cacao. It originated in Latin America and 

has been planted throughout the Americas, 

Asia, and Africa [17]. Concerns arise 

because the cocoa industry generates a 

large amount of waste each year [18]. 

Table 1. Various biomass from plants and 

animals as precursors of carbon dots. 

Precursors  Method Application  References  

Babassu 

coconut 

Hydrother

mal  

Sensor for 

specific ion 

species  

[12] 

Soymeal  Microwav

e and 

hydrother

mal 

Printing ink  [13] 

Jackfruit 

and 

tamarind 

peel  

Hydrother

mal 

Antitumour  [14] 

Black 

pepper 

Solvother

mal 

Imaging of 

ascorbic 

acid  

[15] 

Coconut 

water 

Hydrother

mal 

Fluorescenc

e detection 

of heavy 

metal ions  

[16] 

 

   Between 2018 and 2019, the world's 

cocoa production totaled 4.8 million tons 

according to the International Cocoa 

Organization's website. CPH is a 

significant waste stream in the industry. 

CPH accounts for 75% of all fruit [19]. 

Around 923,000 kg CPH are disposed of in 

Malaysia following the treatment of cocoa 

beans [20]. CPH is composed of three 

layers: the epicarp, the mesocarp, and the 

endocarp [21]. The chemical composition 

of CPH is shown in Table 2. Typically, 

CPH is extracted and disposed of as solid 

waste. Regrettably, CPH has the potential 

to act as a vector for both human and 

animal pathogens of Phytophthora spp [22, 

23]. Additionally, CPH is a source of 

enzymes such as lipase [24]. Also, 

phytochemical screening has revealed that 

the CPH contains polyphenols such as 

tannins, alkaloids, and saponins. 

Polyphenols protect against a variety of 

diseases, including coronary heart disease, 

cancer, and neurodegenerative disorders. 

Polyphenols are well-known for their 

protective properties. Additionally, CPH 



International Journal of Nanoscience and Nanotechnology                    81 

exhibited antimicrobial activity against 

Salmonella choleraesuis and Salmonella 

epidermidis. The antimicrobial mechanism 

of action was ascribed to the phenols' 

ability to penetrate the bacterial cell wall 

[25]. CPH has an extremely advantageous 

chemical composition and can be used as a 

suitable and alternative precursor for CDs. 

Additionally, the composition of CPH 

poses no cytotoxicity risk to surrounding 

cells during bioimaging. 

 

Table 2. Chemical composition of CPH 
Chemical 

composition 

Percentage 

(%) 

Ash 9.10 

Protein 5.90 

Crude Fiber 22.6 

NDF 61.0 

ADF 50.0 

Nitrogen-free 62.2 

Crude fat 1.20 

Cellulose 35.0 

Hemicellulose 11.0 

Lignin 14.6 

Pectin 6.10 

Ca 0.32 

K 3.18 

P 0.15 

Mg 0.22 

Adapted from Campos-Vega et al., [21]. 

 

CDs outperform quantum dots. The 

latter has several disadvantages, including 

time-consuming preparations and a higher 

toxicity level [6]. Chemical ablation, 

electrochemical processing, microwave 

treatment, ultrasonic treatment, pyrolysis, 

and hydrothermal treatment are all 

methods for producing these nanoparticles 

[26]. Each method has its advantages and 

disadvantages. The bottom-up approaches 

such as the hydrothermal and microwave 

methods have their merits. This includes 

simplified preparation, straightforward 

control of reaction parameters, economical, 

and sustainable operations. Acids are 

sometimes added to the precursors. As a 

result, functional groups such as hydroxyls, 

carboxyl, and carbonyls are formed. 

Hydrolysis and oxidation reactions result 

in the formation of these functional groups 

[27]. Bottom-up methods has a high 

flexibility in terms of its precursors and 

synthesis routes instigating many studies 

on CDs with these methods [28]. On the 

other hand, top-down methods synthesize 

carbon materials (graphite, carbon fibers, 

nanotubes, and fullerenes) in highly acidic 

environment leading to a more complex 

and time-consuming production of CDs 

[29]. Hence, bottom-up methods are 

usually desirable converts biomass or any 

organic matter into desired size of CDs 

[30]. 

Numerous CDs have been synthesized 

in recent years. CDs have been proposed 

for use in biomedicine applications due to 

their biocompatibility and tunable 

fluorescence. Numerous studies have been 

conducted to ascertain its cytotoxicity. The 

MTT assay was used to determine the 

adhesion of CDs coated with chitosan and 

Gum Tragacanth to primary human 

umbilical vein endothelial cells (HUVEC). 

The CDs were found to enter cells safely 

and were stained blue. This demonstrates 

that CDs were biocompatible and suitable 

for bioimaging [31]. Additionally, CDs 

synthesized from baked lamb demonstrated 

excellent biocompatibility when used with 

a human liver cancer cell line known as 

HepG2 cells. CDs were discovered in 

HepG2 cells and emitted fluorescence in a 

variety of colors. Additionally, the level of 

cytotoxicity was low even when the CDs 

were increased to 2 mg/mL and the cells 

were incubated for 4 hours [32]. When 

tested against various cell lines, CDs 

derived from natural precursors retain their 

optimal properties. CDs are ideal for 

bioimaging and cell tracking because they 

pose no threat to the surrounding cells of a 

living organism. 

   Ricardo et al. [33] conducted the first 

comprehensive study of the life cycle 

assessment (LCA) of CDs. The evaluation 

compared hydrothermal, and microwave 

assisted treatment, with the latter proving 

to be significantly more sustainable. 

Additionally, the study determined that the 

primary environmental impact is a result of 

the type of precursor used. As a result, the 
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microwave method was chosen for this 

work and the precursor was CPH, a waste 

product of the cocoa industry. This method 

is both effective and economical in terms 

of avoiding the use of harmful chemicals. 

Also, this method reduces the production 

time of CDs [34]. It demonstrates that 

organic matter of all types can be used to 

create functional products using simple and 

low-cost methods that are environmentally 

friendly. Due to its high concentration of 

cellulose, hemicellulose, and lignin CPH is 

a suitable biomass material to be used as a 

precursor in the making of CDs. In a study 

by Wu and colleagues [35], it was that high 

percentile of hemicellulose, cellulose and 

lignin content was of corn cobs makes it 

suitable to synthesis CDs. Furthermore, the 

number of articles published related to 

cocoa wastes and nanoparticles increased 

gradually from 2015 to 2020. This is 

evident from the data provided in Lens.org 

and is tabulated in Figure 1. Therefore, this 

study is relevant to the current research 

that has been carried out in repurposing 

wastes from the cocoa industry. The 

structural and optical properties of the 

CPH CDs were investigated using TEM, 

XRD, FTIR, UV-Vis, and PL in this study. 

Additionally, the cytotoxicity of CPH CDs 

will be determined using an aquatic animal 

model known as brine shrimps.  

 

 
Figure 1. The table shows the number of 

journals published from the year 2015 till 

2020 which included keywords of cocoa 

wastes and nanoparticles (Source: 

lens.org). 

 

2. MATERIALS AND METHODS  

   Cocoa pod husk (CPH) was obtained 

from Malaysian Cocoa Board, Negeri 

Sembilan, Malaysia. Throughout the 

experiment, laboratory distilled water was 

used. CPH was dried in an oven for 

approximately 48 hours. The pod was then 

ground into a fine powder. To begin, 

approximately 2g of CPH powder was 

homogeneously mixed in 40 mL of 

distilled water. Following that, the solution 

was sonicated for 10 minutes before being 

microwaved for 3 minutes at 550 watts. 

After cooling, the crude products were 

centrifuged at 6000 rpm for 10 minutes and 

filtered through Whatman filter paper 

followed by a 0.2 m syringe filter. The 

procedure is summarized in Figure 2. Until 

further experimentation, the purified CPH 

CDs solution was kept at 4°C. 

 

 
Figure 2. Preparation of CPH CDs by 

microwave irradiation method.  

 

   To study the morphology of CPH CDs, 

image of these particles was performed 

with a Transmission Electron Microscopy 

(JEM-F200 Multi-purpose Electron 

Microscope, Japan). The structure of CPH 

CDs was analyzed with X-ray diffraction 

equipment (Rigaku, Japan). The prepared 

CPH CDs' FTIR spectra were analyzed 

using a Fourier transform infrared 

spectrum (FTIR-spectrum 400, Perkin 

Elmer, USA) over a spectral range of 1000 

to 4000 cm
-1

. UV-Visible absorption 

spectrum of CPH CDs were recorded using 

a quartz cuvette ((Lambda 35 UV/Vis 

Spectrophotometer, Perkin Elmer, USA). 

Additionally, the optical properties of CPH 

CDs were analyzed using photo-

luminescence spectroscopy (Tecan Spark, 

Switzerland) with an excitation wavelength 

range of 32-380 nm. 

   The brine shrimp bioassay (hatching and 

lethality) was performed in the manner 

described by Naidu et al. [36] with minor 
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modifications to determine the cytotoxicity 

of synthesized CPH CDs. The model 

organism was Artemia nauplii (brine 

shrimp eggs). The hatched and umbrella 

stage brine shrimps were calculated for the 

hatching assay. Brine shrimps were 

incubated in solutions containing 0.001 

mg/mL, 0.01 mg/mL, 0.1 mg/mL, and 1 

mg/mL of CPH CDs. Ten to fifteen brine 

shrimp cysts were placed in each well of 

the 96-well plate. Following that, each well 

was filled with 200 liters of saltwater 

containing CPH CDs. After 24 hours of 

exposure to the CPH CDs solution, the 

hatching percentage was calculated. For 

the lethality assay, brine shrimp cysts were 

allowed to hatch for 24 hours before 

calculating their percentage of lethality. 

The hatching and lethality rates were 

calculated as follows: 

   The hatching percentage (%) is 

(Equation 1) 

 
                                    

                               
          

 

   The lethality percentage (%) is (Equation 

2)  
                       

                        
              

   The median lethal concentration or else 

known as LC50 is the result of when half of 

the brine shrimp population is killed 

(Hamidi et al., 2014). LC50 of the tested 

synthesized compounds was ascertained 

from the concentration and linear 

regression from the graph. The data 

obtained from the brine shrimp assay were 

analyzed using Microsoft Excel, Prism 8.0 

(Graph pad, USA) and Origin 2021 version 

9.8 (Origin Lab, USA).  

   The cell culture media used were as 

follows; α Minimum Essential Medium (α-

MEM) with L-Gln, without 

Ribonucleosides and 

Deoxyribonucleosides were purchased 

from Nacalai Tesque, Inc whereas Gibco™ 

Dulbecco’s modified Eagle’s medium 

(DMEM) were purchased from Thermo 

Fisher Scientific (Waltham, MA, USA). 

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-

diphenyltetrazolium bromide) was 

purchased from Ekear; Shanghai, China. 

   Caco2 cells [HTB-37™ ] (human colon 

adenocarcinoma cells) were used in this 

study. The cells were purchased from the 

American Type Culture Collection 

(ATCC; Manassas, VA, USA). Caco2 cells 

were cultured in DMEM culture media. 

The culture media were supplemented with 

10% (v/v) fetal bovine serum (FBS) and 

incubated at 37°C in 5% CO2 incubator 

(Thermo Fisher Scientific, USA). The cells 

were cultured in T-25 sterile tissue culture-

treated flasks (Corning, USA) with initial 

density of 5×10
5
 cells/mL. The cells were 

passaged every two or three days or when 

the cells were 80-90% confluent. 

   Cytotoxicity refers to the ability of 

chemicals synthesized in the laboratory, 

naturally occurring toxins, or immune 

mediator cells to kill. The MTT (3-[4,5-

dimethylthiazol-2-yl]-2,5-diphenyltetrazol-

ium bromide) assay is one of the 

parameters used to determine cytotoxicity. 

MTT assays were performed using human 

colon adenocarcinoma cells (Caco2 cells). 

Caco2 cells were cultured at a 

concentration of 3 x 10
3
 cells/ml and plated 

(100µl/well) onto 96-well plates. Each well 

was then incubated for 72 hours with the 

diluted ranges of sample extracts; 500, 

250, 125, 75, and 25 (µg/ml). MTT 

solution was added to the cells at the end 

of the incubation period and incubated for 

an additional 3 hours in the incubator. 

After completing the solubilization of the 

purple formazan crystals with DMSO, the 

Optical Density (OD) of the plant extract 

was determined using an ELISA reader set 

to 570nm. Cytotoxicity was quantified as 

the drug concentration that inhibited cell 

growth by 50% (IC50 value) using the 

following formula (Equation 3): 

              

  
                        

                         
        

   After the determination of the percentage 

of cell viability, graphs were plotted with 

the percentage of cell viability against their 

respective concentrations. The data 
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obtained from MTT assay were analyzed 

using Microsoft Excel, GraphPad Prism 

8.0 (Graph pad, USA) and Origin software 

2021 version 9.8 (Origin Lab, USA) and 

Image J software version 1.8.0   

 

3. RESULTS AND DISCUSSION 

3.1. Physicochemical Properties of CPH 

CDs 

   The morphology and size distribution of 

CPH CDs were assessed with TEM. The 

results are shown in Figure 3. The TEM 

results showed that the CPH CDs in Figure 

3 (a) were clustered together and are 

shaped spherically. Green synthesis of CDs 

usually exhibits spherical shape as 

exhibited when CDs were made from 

arrowroot powder [37] and fish scales [38]. 

Further in-depth analysis, at 10 nm, 

showed crystalline structures of CPH CDs 

with lattice parameters of 0.196 nm as seen 

in Figure 3 (b). According to Ganesan et 

al., [39], such structures resemble the 

crystal phase of graphene. By arbitrarily 

choosing the number of particles, it was 

found that nearly 72% had a diameter of 10 

to 30 nm as shown in Figure 3 (c).  

   The CPH CDs in Figure 4 show the XRD 

results which displayed a broad peak of 2θ 

= 20.71°. There is no indication of its 

crystalline nature. The results indicated 

that the CPH CDs consist of amorphous 

carbon as supported by previous research 

[40]. According to Atchudan et al., [41], 

CDs made from natural resources usually 

will have an amorphous structure or a 

crystalline core with an amorphous outer.   

   CPH CDs contain diversified chemical 

compounds. It was assumed that as 

characterized by FTIR spectroscopy, the 

surface of CPH CDs could have enormous 

functionalities. In Figure 5, the peak 

observed around 3200 to 3300 cm
-1

 is 

indicative of the vibration stretching of the 

O-H and/or N-H bond. This stipulates CPH 

CDs are hydrophilic [2]. Besides that, 

peaks located around 1725 cm
-1

 and 1040 

cm
-1

 corresponded to C = O and C – O 

stretching vibrations respectively [6]. 

 

a 

 
 

b 

 
 

c 

 

Figure 3. (a) TEM of overlapping 

spherical shapes of CPH CDs at 50nm (b) 

Interlayer lattice spacing of CPH CDs at 

10 nm (c) Histogram of CPH CDs average 

diameter 
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Figure 4. XRD analysis of CPH CDs.  

 

   Also, the functional group C = O shows 

the stretching vibration of COOH groups 

around the frequency of 1600 - 1700 cm
-1

. 

By referring to the FTIR results, the 

presence of C = O group and other 

carboxylate groups increases the presence 

of oxygen on the surface. The increase in 

oxygen groups leads to an increase in 

surface defects. If there are defects, the 

excitons will be trapped giving a red-

shifted emission [42].  The peak found 

around 2920 cm
-1

 is related to the 

vibrations of C-H stretching [2,5]. The 

presence of these functional oxygenated 

groups gives rise to soluble properties of 

the CPH CDs [27]. All FTIR features 

contribute to the outstanding solubility of 

CPH CDs. The CPH CDs were found to be 

very soluble at 1mg/mL due to the 

presence of carboxylate groups.  It is 

suggested that the CPH CDs prepared will 

be useful for further modifications and 

biological applications. 

 

 

Figure 5 FTIR spectrum of CPH CDs from 

1000 cm
-1

 to 400 cm
-1  

 

3.2. UV-Visible Absorption and 

Photoluminescence of CPH CDs  

   The optical properties of the prepared 

CPH CDs were determined using UV-

visible (UV-Vis) absorption and 

photoluminescent (PL) spectra. These are 

depicted in Figure 6. Due to the C = O 

bonds, the optical absorption peak of CPH 

CDs was observed at 214 nm in the 

ultraviolet region, as shown in Figure 6. 

The electronic transitions n - π* also 

contributed to this peak. A peak was also 

detected in the range of 281 nm due to the 

C = C (π-π*) present in CPH CDs [43]. 

The presence of these electronic transitions 

indicates that functional groups exist on 

the surface of CPH CDs. Additionally, the 

findings indicated that the specific peaks 

indicated that CPH CDs were successfully 

formed using a simple microwave method. 

 

 
Figure 6. UV Visible absorption spectrum 

of CPH CDs  

 

   The band gap of the CPH CDs was 

calculated from the UV-Vis absorbance 

spectrum using the Tauc plot. The Tauc 

plot illustrates the relationship between 

photon energy and (ahv)
2
. The energy band 

gap was calculated using the linear region 

of the absorbance photon energy (hv) 

versus ahv
2
 plot. As illustrated in Figure 7, 

the CPH CDs have a band gap of 4.38 eV. 

Our findings corroborate prior research 

conducted by Jumardian and colleagues 

[44]. Their findings indicated that with 

increased laser ablation time (2, 3 hours), 

both the direct and indirect optical energy 

gaps decreased. Sekar and Yadav [45], 
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reported a bandgap of 3.30 eV for their 

bare CDs made from gum ghatti powder. 

Additionally, Yu and colleagues [46], 

discovered a bandgap of 4.10 eV for CDs 

with an innate carbon core. According to a 

study conducted by Sutanto and colleagues 

[47], the energy bandgaps of compact discs 

increased as microwave power increased. 

Additionally, it was stated that electrons 

need more energy to be liberated from the 

valence band and into the conduction band 

at higher energy bandgaps. This study uses 

550 Watt to generate the CPH CDs that 

result in these higher energy bandgap 

carbon nanomaterials.  

 

 
Figure 7. Tauc plot of CPH CDs  

 

   When exposed to UV light, the aqueous 

solution of the CPH CDs was fluorescent 

green. The result indicates that the 

excitation-dependent PL characteristic of 

CPH CDs is accompanied by a broad PL 

peak because of quantum confinement and 

edge deformities. From our preliminary 

data, we found that at a higher pH, the 

emission wavelength is at maximum. 

Figure 8 showcases the fluorescence 

spectra of CPH CDs when excited at 

different wavelengths. CPH CDs display 

the wavelength-dependent characteristics. 

The nanomaterials were excited from 320 

nm to 380 nm. The maximum emission 

wavelength of 400 nm was achieved when 

excited at 320 nm. This discovery 

demonstrates that CPH CDs have the 

potential to be used as fluorescent 

detectors in bioimaging applications. The 

overall trend indicates that as the excitation 

wavelength is increased, the peaks redshift 

due to photon reabsorption. CPH CDs have 

an interconnected carbon core structure 

with functional groups on the surface and 

on the edge [5]. The PL property is 

dependent on the particle size distribution 

of the CPH CDs. The various sizes of the 

CPH CDs correspond to the amount of 

energy excited by a particular wavelength 

[48]. As shown in Figure 8, the presence of 

C = O and other carboxylate groups 

increase the amount of oxygen on the 

surface. An increase in the number of 

oxygen groups results in an increase in the 

number of surface defects. As a result of 

the defects, the excitons are trapped, 

resulting in a red-shifted emission [42]. 

This is demonstrated clearly in Figure 8, 

where the emission peaks turn red after 

400 nm. Quantum confinement, emissive 

traps, and the electronic conjugate 

structure of nanomaterials all contribute to 

CPH CDs emission [49].  

 

 
Figure 8. Photoluminescence result of 

CPH CDs 

 

3.3. Brine Shrimp Lethality Assay  

   CPH CDs are considered an 

environmentally friendly and non-toxic 

alternative for a variety of applications due 

to their non-toxicity. Emphasis is placed on 

in-vitro and in-vivo biological systems. A 

brine shrimp assay was used to determine 

the nanotoxicity of as-synthesized CPH 

CDs. The primary objective of the test is to 

definitively determine whether CPH CDs 

are well-suited for use as biomedical 

imaging tools. Additionally, to ensure that 

no potentially harmful cytotoxic effects are 

induced. The assay was carried out for the 
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specified time point interval using brine 

shrimp treated with varying concentrations 

of CPH CDs. As shown in Figure 8, the 

lethality percentage increases after 24 

hours, cyst survival decreases after that 

time. At CPH CDs concentrations of 0.001 

mg/mL, brine shrimps had a higher 

survival rate than standard saltwater 

solution. At 0.001 mg/mL, the lethal 

concentration is 57.93 ± 9.77 %. By 

comparison, the lethality of a standard 

saltwater solution was 61.46 ± 5.59 %. 

This is a slightly higher value than the 

value obtained when the concentration was 

0.001 mg/mL. As shown in Table 2, the 

brine shrimps that could hatch were 

extremely active. Additionally, at 

concentrations of 0.01 mg/mL and 0.1 

mg/mL, Artemia nauplii has negligible 

survival capabilities. At 1 mg/mL, the 

lethality percentage is 71.18 ± 13.42 %. 

The majority of those found at this 

concentration died immediately, even after 

only 24 hours. In Table 3, the hatching rate 

is trending downward. Within 24 hours, 

numerous cysts hatched, and some 

developed into the umbrella phase. 

Concentrations of 1 mg/mL resulted in the 

highest hatching percentage, followed by 

0.01 and 0.1 mg/mL. 

 

 
Figure 9. The bar diagram shows the 

mortality rate at 24 and 48 hours of brine 

shrimp cysts treated at various 

concentrations of CPH CDs.  

 

   After 24 hours, at a concentration of 1 

mg/mL, it has the highest hatching 

percentage of 71.18 13.42 %. 

 

Table 3. Hatching percentage of brine 

shrimps’ cysts when treated with different 

concentrations of CPH CDs. Hatching 

data was obtained after 24 and 48 hours. 
Hatching (%) of test samples 

Concentrations 

(mg/mL) 

24 hours 48 hours 

0 61.46 ± 5.59 69.46 ± 8.99 

0.001 57.93 ± 9.77 63.89 ± 9.20 

0.01 61.89± 5.66 70.63 ± 14.56 

0.1 67.74 ± 9.71 76.04 ± 7.99 

1 71.18 ± 13.42 100 ± 0.00 

 

   At this concentration, it was observed 

that the majority of brine shrimp developed 

into the umbrella stage. At a concentration 

of 1 mg/mL, development was halted 

(Table 3 (g) and (h)). The shrimps 

disintegrated due to the high concentration 

of CPH CDs. This can be seen in the 

images in Table 3 at a concentration of 1 

mg/mL. This could be because of the 

persistence of Rhizopus sp fungi isolated 

from cocoa pods in a previous study (Jimat 

et al., 2015). Additionally, the brine 

shrimps hatched at lower concentrations 

and were extremely agile in the sample. 

Different CPH CDs concentrations 

promote the hatching of Artemia nauplii, 

but their survival after 24 hours is dose 

dependent. CPH CDs containing 

polyphenols have shown antioxidant 

properties in-vitro [50]. CPH contains 

nutrients that stimulate the hatching of 

cysts. However, depending on the dosage 

of CPH CDs, the brine shrimps either live 

normally or are suspended in their 

umbrella phase. The LC50 of CPH CDs 

was determined using the linear regression 

equation depicted in Figure 4. CPH CDs 

have an LC50 of 1.33 mg/mL. Mayer's 

toxicity index classifies a sample as toxic if 

the LC50 value is less than 1.0 mg/mL. The 

LC50 value for CPH CDs indicates that 

they are not toxic in this regard. When 

CPH CDs are used in living cells, low 

concentrations such as 0.001 mg/mL, 0.01 

mg/mL, and 0.1 mg/mL are non-toxic in 

comparison to 1 mg/mL. A low dosage is 

sufficient for biomedical applications. This 
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will facilitate the body's effective excretion 

of the nanoparticles as well. 

 

 
Figure 10. Mortality percentage and 

concentration for brine shrimp assay 

immersed in different concentrations of 

CPH CDs.  

 
Concentration 24 hours 48 hours 

0.001 mg/ml  

 
a) The cysts 

above were just 

hatched from their 

eggs. 

 

 
b) Development of 

the cysts into its 

mature stage.  

0.01 mg/ml 

 
c)The brine 

shrimp is at its 

early stage at 24 

hours.  

 
d) The brine shrimp 

is at a mature stage 

and some of it 

seemed lifeless due 

to limited nutrition 

0.1 mg/ml 

 
e) Brine shrimp 

was at its early 

stage and 

observed to be 

very active 

 
f) Cysts have 

entered a matured 

stage. In the picture 

shown, the cysts 

were observed to be 

lifeless with limited 

movements.  

1 mg/ml 

 
g) The cysts 

successfully 

hatched from its 

eggs but does not 

seem to be active. 

Most of it fell 

prey to death 

instantaneously 

once hatched.  

 
h) Cysts are 

suspended in the 

liquid of the sample 

with no movement. 

At a high 

concentration, they 

are not able to 

survive. 

 
3.4. MTT Assay 

   The MTT assay was used to assess CPH 

CDs' cell viability and potential apoptotic 

effect on the human colon adenocarcinoma 

cells (Caco2). Cancerous cells were 

cultured in CPH CDs at concentrations 

ranging from 25 to 500 µg/ml for 72 hours, 

as shown in Figure 11 (a to e), resulting in 

a significant reduction in cell viability in a 

dose-dependent manner. The synthesized 

CPH CDs inhibited Caco2 cells by 50% 

(IC50) at a concentration of 155 µg/ml, 

demonstrating the anti-proliferative and 

apoptotic effect of CPH CDs in human 

colon adenocarcinoma cells. A similar 

finding was reported by Basak et al. [51], 

who discovered that Aloe vera whole leaf 

extract may inhibit the growth of MCF 7 

breast cancer cells. Aloe vera contains 

aloe-emodin, aloin (barbaloin), anthracene, 

and emodin compounds, as well as 

phytochemicals such as alkaloids, phenols, 

and flavonoids, according to the literature 

[52, 51]. As a result, the cytotoxicity of 

Aloe vera-derived CDs has been increased. 

CPH contains phenol and it acts as an 

antimicrobial compound which has been 

analysed by Rachmawaty and coworkers 

[53]. Hence, this property of CPH is 

suitable to be used as precursor for green 

synthesis of CDs in the potential treatment 

of cancer cells and as well as bioimaging. 

The Caco2 viabilities were 14.61% ± 0.08, 

44.84% ± 0.14, 52.16% ± 0.06, 60.82% ± 

0.05 and 63.76% ± 0.07 for the CPH CDs 

concentration of 500 µg/ml, 250 µg/ml, 

125 µg/ml, 75 µg/ml, and 25 µg/ml, 
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respectively as indicated by the 

representative optical images figure 11 (f).  
  

a 

 
 

b 

 
 

c 

 
 

d 

 
 

e 

 
 

f 

 
 

 

Figure 11. Representative picture of cells 

at different concentrations of CPH CDs (a) 

500 µg/ml (b) 250 µg/ml (c) 125 µg/ml (d) 

75 µg/ml (e) 25 µg/ml and (f) MTT assay 

to determine the percentage of cell 

viability of Caco2 cells. 

 

4. CONCLUSION  

   In conclusion, CPH, a biomass waste 

from the cocoa industry, may be the most 

cost-effective and readily available 

precursor for CD synthesis via a simple 

microwave irradiation method. Our CPH 

CDs having size of 10-30 nm and rounded 

in shape. XRD revealed existence of 

carbon in our CPH CDs based on 2Ɵ= 

20.71°. FTIR demonstrated multiple 

functional chemical groups on the surface 

of the CPH CDs mainly C=O, N–H and C–

N. UV-Vis’s absorption spectrum revealed 

two distinct peaks (235 and 293 nm) and 

PL spectra of CPH CDs revealed a red 

shift. Additionally, it was discovered that 

the green CDs synthesized from CPH do 

not cause toxicity. Brine shrimp assay 

indicated that 0.001 mg/ml showed lower 

lethality percentage. Cytotoxicity 

evaluation in vitro to determine the 
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cytotoxicity of CPH CDs was conducted 

was determined using the MTT assay using 

human colon adenocarcinoma cells 

(Caco2). There was a concentration-

dependent decrease in viability of Caco2 

cell line with IC50 value of 155 ug/ml. 

Therefore, the results suggested that our 

CPH CDs are safe for use in bioimaging 

and drug delivery in the pharmaceutical 

industry.  
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