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Abstract

3-Monochloropropanediol (MCPD) is a carcinogen compound commonly found in refined cooking oil,
including palm oil. The high risk of human intoxication increases the importance of 3-MCPD detection. This
study proposes the optimum chemical reduction synthesis condition of colloidal copper nanoparticles functioned
by L-glutathione (GSH-Cu NPs) as an alternative accessible 3-MCPD detector used in the colorimetric method.
The volume of copper source, capping agent, and reducing agent were optimized to find the optimum synthesis
formula. 3.6 mL of 3 mM CuCly, 25 pL of 20 mM L-glutathione (GSH), and 150 pL hydrazine hydrate were
found to be the best combination to form GSH-Cu NPs; the combination made the sharpest UV-Vis absorption
peak. Fourier Transform Infrared (FTIR) spectrometry measurement confirmed the reaction and encapsulation
of Cu NPs with GSH. Transmission Electron Microscopy (TEM) and Particle Size Analyzer (PSA) observations
revealed the quasi-spherical morphology of the nanoparticles, with an average size of 51.3 nm. The sample
withstood 1:1 dilution with deionized water and maintained its dispersion and distribution after 10 days. The
fabricated GSH-Cu NPs were able to detect 3-MCPD until 50 ppm. This study aimed to provide insight into the
synthesis of copper nanoparticles as non-precious metals for the application of 3-MCPD colorimetric detection.
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1 Introduction

Oil as a whole constitute can be defined as the
hydrophobic liquid that is extracted from various
sources. Naturally derived oil is called natural oils,
which can be derived from various biomass, such as
seeds, roots, woods, leaves, flowers, to fruit [1].
Various natural oil products are used on a daily basis,
such as canola oil, rice bran oil, corn oil, rapeseed oil,
olive oil, soybean oil, and cottonseed oil [2]-[4]. Qil
palm, from the Elaeis genus, is one of the world’s
primary commodities due to its diverse application
potential, being used in food products, oleochemical,
biodiesel, and hydrogen production [5]-[7].
Capitalizing on its suitable environment to grow oil
palm, Indonesia led the world in oil palm production
with more than 45 million metric tons of crude palm
oil (CPO) plus nearly 10 million metric tons of palm
kernel in 2022 [8]. The industry also notably
contributed to the nation’s export income, with over
27 billion USD received from exporting more than
half of nationwide annual CPO production [8], [9].
CPO undergoes several processes to be
converted into refined, bleached, and deodorized palm
oil (RBDPO), namely the deodorizing process [10]-
[12]. The process utilizes chlorinated water and high
temperature (200-270 °C), which can form a reaction
with acylglycerols in the oil to form 3-
monochloropropanediol (3-MCPD) [12]-[15]. Research
proved that hydrolyzed free form of 3-MCPD acts as
a probable carcinogen, and it may affect the kidney,
neurological and cardiovascular systems, as well as
male fertility [11], [13], [15]. Due to the potentially
dangerous effect of 3-MCPD, the European Food
Safety Agency (EFSA) prescribed a low maximum 3-
MCPD total daily intake (TDI) of 0.2 to 0.7 pg/kg of
body weight [16]. While the European Commission
had stated the maximum content of 2.5 mg 3-
MCPD/kg, palm oil still contains over-the-limit 3-
MCPD inside [11], [15], [17]. Almoselhy et al., found
5.6 mg 3-MCPD/kg of palm oil in their 2021 study,
the highest out of 8 edible oils [17]. Due to the severe
potential risk of 3-MCPD contamination to the human
system, 3-MCPD detection for the palm oil industry
becomes important to limit the excessive-3-MCPD-
containing palm oil products released to the market.
Various methods can detect 3-MCPD in organic
substances. Tang et al., studied 3-MCPD content in
soy sauce using high-performance  liquid
chromatography-tandem mass spectroscopy (HPLC-
MS/MS) [18]. They quantified the 3-MCPD content of
11 different commercial soy sauces and found that

several samples contained significantly higher 3-
MCPD content than allowed by the EU. The
previously mentioned study by Almoselhy et al.,
determined the 3-MCPD content in edible oils via gas
chromatography-tandem triple quadrupole mass
spectroscopy (GC-MS/MS) [17]. The electrochemical
method was used by Martin et al., and Cheng et al., in
their respective investigations, using Cys-Ag NPs
modified gold and nanoporous gold/glass carbon as
their electrode, respectively [19], [20]. However, the
aforementioned methods are more expensive,
complicated, and usually located ex situ, making
immediate  detection  improbable.  Therefore,
colorimetric analysis serves as an alternative for a
simpler, cost-efficient, and accessible detection method.

Colorimetric analysis works by capitalizing on
the unique localized surface plasmon resonance
(LSPR) of conductive nanoparticles, which can be
observed by the naked eye or using a UV-Vis
spectrophotometer [21], [22]. Martin et al., studied the
use of Cys-Ag nanoparticles for 3-MCPD detection
[23]. The synthesized nanoparticles can detect 3-
MCPD Dby bare observation and colorimetric
detection. At 100 °C and 9.3 pH level, Cys-Ag
nanoparticles could detect 3-MCPD in only 5 minutes.
Mahardika et al., conducted another 3-MCPD colorimetric
detection study using silver nanoparticles, in which
they found that both new and used cooking oil
contained higher 3-MCPD than the allowed limit [24].
Gold nanoparticles were also widely used in biological
and chemical colorimetric sensors [25]. The use of
precious metals for colorimetric detection is deemed
cost-inefficient. Thus, copper nanoparticle is proposed
as an alternative material for 3-MCPD colorimetry due
to its comparable optical properties yet cheaper [26], [27].

In this study, the chemical reduction method was
used to make colloidal copper nanoparticles. The
presence of a capping agent is necessary to prevent
copper oxidation during the reduction process [28].
L-glutathione (GSH) was used as the capping agent in
this study to get GSH-Cu nanoparticles (NPs).
Hydrazine hydrate was used as a reducing agent. Salt
precursor, capping agent, and reducing agent volume
were varied to find the optimum synthesis condition.
The synthesis environment was also studied,
comparing the results under an ambient environment
to results under an inert environment. Application
studies — dilution effect and aging — were done to
further analyze the feasibility of using GSH-Cu NPs
in 3-MCPD colorimetric detection. The optimum
sample was then used for colorimetric detection of
3-MCPD. This study hopes to give meaningful insight
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into the synthesis of an alternative less-expensive
material applied for 3-MCPD nanoparticle
colorimetric detection.

2 Materials and Methods
2.1 Reagents and chemicals

Copper (II) chloride (CuCl,) was obtained from
Merck. L-glutathione reduced (CioH17N306S, GSH),
hydrazine hydrate (80% solution in water, N2Hs*H20),
and 3-chloro-1,2-propanediol (CsH;ClO,, 3-MCPD)
were purchased from Sigma-Aldrich. Deionized (DI)
water was purified by Milli-DI from Merck Millipore.
All chemicals and reagents were used without further
purification and treatment unless stated otherwise.

2.2 GSH-Cu NPs synthesis optimization

To optimize the synthesis process of GSH-Cu NPs, the
volume of CuCl, precursor, capping agent, and
reducing agent were varied. CuCl, precursor and
capping agent concentration were kept constant at 3
mM and 20 mM, respectively. Each variable was
studied independently, leading to a total of 11 samples
synthesized. The studied variables are listed in Table 1.

Table 1: Sample synthesis variables.
Component Volume

Optsl?;IZ:StIOI’I CuCl, GSH Hydrazine
g (3mM) (20 mM) Hydrate
3.0mL
Optimization of 3.6 mL
CuCl, concentration 4.0 mL 20HL 200 L
4.5mL
- 20 pL
Optimization of
GSH concentration s6mL 25 L 200Kt
30 pL
Optimization of igg “t
Hydrazine hydrate 3.6 mL 25 L 200 EL
concentration 250 uL

To synthesize the GSH-Cu NPs, a set amount of
3 mM CuCl;, was diluted with 8 mL DI water. The
solution was then stirred at 400 rpm and heated with a
magnetic stirrer (Cimarec Stirring Hot Plate, Thermo
Scientific). After reaching 70 °C, GSH with the
intended volume was added. Further heating was done
until 80 °C when hydrazine hydrate was added
according to the set experiment being done. The
solution temperature and stirring speed were
maintained at 80 °C and 400 rpm while the solution
was left to react for 30 min until homogeneous

nanoparticles colloid was formed. Additional scale-up
feasibility studies were done using nitrogen as an
environmental variable, as well as dilution and aging
to measure the nanoparticles' stability and resiliency.

2.3 GSH-Cu NPs characterization

To confirm the formation of GSH-Cu NPs, UV-Vis
spectrophotometry analysis (MULTISKAN GO
Microplate Spectrophotometer, Thermo Scientific)
was employed to detect the absorption peak of the
samples. The detection was done from 500 to 800 nm
under room temperature.

Further sample characterization was done by
Fourier Transform Infrared (FTIR) spectrometry
(Nicolet iS5 FTIR Spectrometer) to identify functional
groups comprising the samples. The FTIR
measurement was done at 4000 to 400 cm?, with
DTGS KBr and KBr as the detector and beam splitter,
respectively.

The nanoparticles’ morphology and size were
observed by Transmission Electron Microscopy
(TEM, FEI Tecnai G2 20S-Twin) and the particle size
was further verified by Particle Size Analyzer (PSA,
Zetasizer NANO ZS, Malvern Panalytical).

2.4 3-MCPD colorimetric detection

Colorimetric detection was done with the help of a
UV-Vis spectrophotometer. 8 mL of 10, 50, or 100
ppm 3-MCPD was added drop-by-drop to 2 mL of
GSH-Cu NPS colloid in a vial. After setting the
mixture for 1 h, the absorption of the mixture was
measured by the UV-Vis spectrophotometer.

3 Results and Discussions
3.1 GSH-Cu NPs synthesis optimization

Figure 1(a) shows the UV-Vis measurement result of
samples with varied copper precursor volumes. The
peak locations and intensity are detailed in Table 2. A
peak is visible at 592 nm when 3.6 mL of 3 mM CuCl;
was used in the mixture (red) while using lower and
higher precursor volume led to flat curves without any
peak. Several studies have reported various locations
of Cu(0) peak, which are generally positioned at
around 550 to 650 nm [29]-[33]. Therefore, the peak
located at 592 nm indicated the formation of GSH-Cu
NPs. Quintero-Quiroz et al., in their 2019 study,
suggested the presence of an optimum point of silver
precursor concentration to produce maximum yield
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[34]. A smaller amount of precursor limited the
amount of metal ions to be reduced, meaning less
formation of nanoparticles [35]. Meanwhile, extra
precursor induced the aggregation of nanoparticles,
leading to settlement and less reading sensitivity from
the spectrophotometer [36]. This result suggests that
this experiment’s optimum copper precursor volume
is 3.6 mL.
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Figure 1: UV-Vis spectra of GSH-Cu NPs with varied

volumes of (a) CuCly,, (b) glutathione, and (c)
hydrazine hydrate.

Table 2: Peak position and
optimization sample.

intensity of each

Optimization Component Peak Intensity
Stages Volume Position
3.0mL - -
Optimization of 3.6mL 592 nm 0.84
CuCl; concentration 4.0 mL - -
45mL - -
S 20 uL 590 nm 0.89
30 pL 582 nm 0.71
. 100 pL 588 nm 1.93
e IOW smam Zso
concentration 200 pL 574 nm 2.42
250 L 586 nm 1.65

Figure 1(b) displays the UV-Vis measurement
results for different GSH volumes used during the
chemical reduction process. A noticeably sharper peak
appeared for the 25 pL sample (green), while wider
peaks appeared for the 20 pL and 30 pL samples,
represented by purple and dark-blue lines,
respectively. Peak-shifting was also observed, where
the peak blue-shifted from the 20 uL sample to the
25 pL sample, then red-shifted again slightly in the
30 pL sample. The initial increase of capping agent
volume leads to smaller and more uniform
nanoparticles, leading to a clearer peak and blue-
shifting [37]-[39]. Further addition of a capping agent
might form a larger shell layer of the nanoparticles,
increasing the size of the nanoparticles [40]. From
these results, 25 pL of GSH is deemed to be the
optimum amount of capping agent for this study.

Using the optimum CuCl, and GSH volume, the
reducing agent variations were studied. The UV-Vis
measurement results are illustrated in Figure 1(c). The
addition of a reducing agent sharpened the peak and
shifted the peak location. When the more reducing
agent was added, the peak widened and red-shifted.
Increasing the amount of reducing agent can induce a
faster reaction, leading to smaller nanoparticles and
shifting of UV-Vis peak location [41]. However, the
excess reducing agent might turn to enlarge the
nanoparticle's size, broadening the UV-Vis absorption
peak [42]. Thus, the optimum hydrazine hydrate
addition was 150 pL (olive-colored).

3.2 GSH-Cu NPs characterization

The previous results hinted at the optimum
composition for making GSH-Cu NPs. The samples
for future observations were then fabricated using 3.6
mL of 3 mM CuCl,, 25 pL of 20 mM GSH, and 150
ML 80 % hydrazine hydrate. First, UV-Vis was tried to
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confirm the presence of GSH-Cu NPs (Figure 2(a)).
The intense peak exhibited at 578 nm in the figure
proved the presence of Cu(0) in the colloid [29]-[33].
FTIR measurement was conducted to further affirm
the GSH was incorporated in the colloidal
nanoparticles. Figure 2(b) shows the FTIR spectra of
GSH and GSH-Cu NPs. Notable peaks for GSH are
located at 3337.95 cm?, 2514.88 cm?, 1592. 28 cm?
and 1532.71 cm™* for NH3* stretching, —SH stretching,
and C=0 stretching, respectively [43], [44]. The
absence of —SH peak in the GSH-Cu NPs indicates the
linkage between the sulfur atom from the capping
agent to the nanoparticles [45]. Three peaks at around
2800 to 3000 cm™* and 1058.99 cm™ of GSH-Cu NPs
were assigned to be C-H stretching vibration and
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1.5
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1.0+
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metal-O stretching [46]. The rest of the peaks were
observed at the same range albeit with less intensity,
indicating there were no extra reactions between the
protective capping agent and the protected Cu clusters,
which reduced the intensity of the intrinsic GSH peaks
[47]. These peaks confirmed the encapsulation of Cu
nanoparticles with the GSH capping agent.

TEM observation in Figure 3(a) displays the
morphology and particle size of the synthesized GSH-
Cu NPs. The images show quasi-spherical
nanoparticles with around 50 nm in size. The particle
size analysis result shown in Figure 3(b) also
confirmed the average size of the nanoparticles was
51.3 nm.
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Figure 2: (a) UV-Vis measurement of GSH-Cu NPs and (b) FTIR analysis of reduced L-glutathione and GSH-

Cu NPs.
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Figure 3: (@) TEM images and (b) PSA analysis of GSH-Cu NPs

3.3 GSH-Cu NPs scale-up feasibility

The feasibility studies were conducted on the optimum
GSH-Cu NPs. First, the study explored the necessity
of an inert environment to synthesize the colloidal

nanoparticles. Under an inert environment, the peak
shown in Figure 4(a) is more profound than the peak
under an ambient environment. However, the ambient
environment still produced a distinct peak. The lack of
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additional cost under an ambient environment will add
to the bigger-scale application feasibility.
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Figure 4: UV-Vis measurement of (a) GSH-Cu NPs
synthesized under varied environments, (b) Diluted
nanoparticle colloid, and (¢) GHS-Cu NPs stability.

A dilution study was done to see the limit at
which the colloid still contains nanoparticles. By
adding more DI water, the peak widened, as seen in
Figure 4(b). The peak intensity is still detectable until
the addition of 1-part DI water to the colloid. This
indicates the resiliency of the nanoparticles to
maintain their dispersion and distribution after
dilution, which is necessary for colorimetric detection.

The peaks were still located in the same region,
showing no reaction with the addition of water.

The effect of aging was observed to see the
stability of the nanoparticles after being left for several
days. Figure 4(c) shows the compiled UV-Vis
measurement results of several GSH-Cu NPs samples
after aging. The sample still maintained its peak
intensity after 10 days when the peak flattened
significantly after 15 days and 35 days. Peak flattening
and red-shifting can be attributed to nanoparticle
agglomeration, variety in size and amount, as well as
the degradation of the nanoparticle [41], [48], [49].
The synthesized nanoparticles showed relatively good
stability after 10 days.

3.4 3-MCPD colorimetric detection

The optimum GSH-Cu NPs colloid nanoparticles were
used in the colorimetric detection of 3-MCPD. The 3-
MCPD detection is displayed in Figure 5. The UV-Vis
peak was flattened after 3-MCPD addition, with the
100 ppm peak being the flattest out of the three
samples (inset of Figure 5). Peak widening and red-
shifting were also observed, indicating the disturbance
in the GSH-Cu NPs by the 3-MCPD [46], [50], [51].
The similar level of intensity between 10 and 50 ppm
samples might indicate the detection limitation of the
nanoparticles, hence a respectable detection limit.

0.6

Control

— 10 ppm
i 50 ppm
— 100 ppm

Cu (0) peak range

Intensity (a.u.)

0.1

0.0 T T
500 600 700 800

Wavelength (nm)

Figure 5: UV-Vis measurement results of GSH-Cu
NPs with varied 3-MCPD dose addition.

4 Conclusions

The selected synthesis method was successful in
synthesizing GSH-Cu NPs. Three volume parameters
affected the formation of GSH-Cu NPs: copper salt,
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capping agent, and reducing agent. Copper salt as the
copper ion source will be reduced to zero-valence
copper by the reducing agent. Additional capping
agents ensured the protection of the nanoparticles
from oxidation. Optimum values for the parameters
were found and proven via several characterization
modes.

UV-Vis absorption measurement indicated the
formation of Cu NPs using 3.6 mL of CuCl;, 20 pL of
GSH, and 200 pL Hydrazine hydrate. Additionally,
with further optimization stages, a more robust
formula of 3.6 mL CuCl,, 25 pL GSH, and 150 pL
Hydrazine yielded a more prominent peak, therefore
indicative of the most optimum formula.

FTIR analysis confirmed the bond between GSH
capping agent to Cu NPs, signified by the absence of
the GSH-intrinsic —SH peak and the presence of C—H
and metal-O peaks in the GSH-Cu NPs FTIR peak.
From the TEM observation, the optimized sample has
a quasi-spherical shape with an average 51.3 nm
particle size as measured by PSA analysis. Scaling-up
the nanoparticle usage was simply measured, resulting
in the sample resisting 1:1 water dilution and 10 days
of aging. The proposed nanoparticles can be used to
detect 3-MCPD up to 50 ppm. With a respectable
detection limit and good scale-up possibility, the
proposed nanoparticles can be further developed for
end-goal usage for in-situ 3-MCPD detection.
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