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Zinc oxide nanoparticles (ZnO-NPs) have gained considerable attention due to
their unique properties, including high chemical stability, excellent sensing
ability, and antibacterial activity. Biological synthesis of ZnO-NPs is a promising
approach because of its sustainability and the availability of diverse natural
reducing agents. Noni (Morinda citrifolia L.), traditionally used as a medicinal
plant for over 2,000 years in Polynesia, contains phenolics and flavonoids that act
as natural reducing agents. This study aimed to evaluate the effects of different
plant parts (fruits and leaves) and solvent polarities (deionized water, ethyl
acetate, and hexane) on the reducing ability of the extracts, as measured by ZnO-
NPyield and free radical scavenging activity. The characteristics of ZnO-NPs after
calcination were also evaluated. Solvent polarity significantly influenced reducing
power and antioxidant activity, while no notable differences were observed
between fruits and leaves. Fruit extracts prepared with ethyl acetate (semi-polar
solvent) produced the highest ZnO-NPs yield (2.88 + 0.11 mg), the strongest free
radical scavenging activity (10.63 + 0.65% inhibition/mg ZnO-NPs), and
nanoparticles averaging 115.9 nm in size. Calcination at 100°C, conducted to
eliminate residual moisture and stabilize the particles, resulted in an increase in
the mean particle size from 115.9 nm to 313.6 nm. Morinda citrifolia-mediated
ZnO-NPs could be utilized as effective bioactive additives in the development of
active food packaging systems to prevent oxidative degradation.

1. Introduction

Nanotechnology is a new, promising field with a
broad range of novel uses, and permits the controlled
synthesis of materials in which at least one dimension of
the structures is less than 100 nm [1, 2, 3, 4]. While
nanotechnology is defined by the 100 nm threshold,
biological synthesis often produces larger submicron
aggregates that still exhibit unique nanoscale
characteristics. The extraordinary properties come from
their nanoscale sizes and large surface area enabled by
their high surface-to-volume ratio. Zinc oxide (Zn0O), a
nanoparticle, is a multifunctional material because of its
unique physical and chemical properties. One of its
unique features is its high chemical stability profile [5].
Furthermore, zinc oxide nanoparticles (ZnO-NPs) are

relatively inexpensive, exhibit excellent gas-sensing
properties, and possess antioxidant and antibacterial
activities. In addition, they have a favorable safety profile
and are generally recognized as safe (GRAS) by regulatory
authorities when used within specified concentration
limits (6, 7, 8].

Noni (Morinda citrifolia L.) is one of the common
medicinal plants that has been used for over 2,000 years
by the Polynesians. It has been investigated for its
significant health benefits. Some diseases that have been
reported are cancer, arthritis, diabetes, asthma,
hypertension, infections, and pain [9]. Other research has
shown that Noni (Morinda citrifolia L.) has been
traditionally used in Polynesian cultures to treat
menstrual cramps, bowel irregularities, diabetes, liver
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disease, and urinary tract infections. Almost all parts of
the tree are used, such as leaves, fruit, and root
(rhizomes) [10]. Approximately 160 phytochemical
compounds have already been identified in the Noni
(Morinda citrifolia L.) plant. The major phytochemicals are
phenolic compounds and flavonoids [9].

There are some ways to synthesize ZnO-NPs:
physical, chemical, and biological. However, biological
synthesis is an interesting method to explore, as
biological methods for nanoparticle synthesis offer
significant diversity, with sources ranging from plants,
bacteria, and fungi to even viruses [11]. In this research,
Noni (Morinda citrifolia L.) leaves and fruit extracts were
used for the synthesis of ZnO-NPs.

In the biological method, plant extracts are used as
reducing and capping agents for the synthesis of
nanoparticles, owing to their phytochemicals with
reducing properties. Cations from metal ions combine
with anions from the plant extracts, reducing their
oxidation states and, in turn, altering the physical
appearance and color of the culture media [10]. Plant
metabolites serve as reducing agents from their alkaloids,
polyphenols, and flavonoids. Plant-mediated
nanoparticle synthesis is gaining favor and showing
greater reliability because plant materials are easier to
obtain and more economical than microorganisms [11].

The study by Pai et al. [10] demonstrated that leaf
extracts are excellent reducing agents for the synthesis of
silver nanoparticles. Moreover, in another study by
Kumar et al. [1]. ZnO-NPs were synthesized from
grapefruit (Citrus paradisi) peel extracts. The study
showed that ZnO-NPs exhibit significant photocatalytic
and free radical-scavenging activity. It was found that
ZnO-NPs exhibit 80% free radical scavenging activity at
1.2 mM. From the two studies, it can be hypothesized that
Noni (Morinda citrifolia L.) plant extracts may be a
potential reducing agent for the synthesis of ZnO-NPs. In
both studies, the plant extracts were extracted with
deionized water, a polar solvent.

Therefore, in this research, plant extracts will be
obtained using polar, less polar, and nonpolar solvents to
investigate whether other phytochemicals not extracted
with polar solvents may serve as potential reducing
agents for the synthesis of ZnO nanoparticles.
Furthermore, in the synthesis of ZnO-NPs, some
methods required calcination, while others did not.
Calcination is usually used to make some changes in the
physical and chemical structure. Commonly used
temperatures included 100, 200, 400, and 500°C [12].
Thus, in this study, the effect of calcination on the
characteristics of ZnO-NPs (size and morphology) was
observed.

The aim of this study is to evaluate the effect of
different samples and solvent polarities, as well as the
best combination of sample and solvent, on the amount
of reducing power of plant extracts and free radical
scavenging activity of ZnO-NPs. Furthermore, the
characteristic (size and morphology) of ZnO-NPs after
calcination was studied.

2. Experimental
2.1. Materials

The materials used in this research were Noni
(Morinda citrifolia L.) leaves and fruit. Chemicals used for
extraction and synthesis were deionized water, pro-
analysis ethyl acetate, pro-analysis hexane, zinc acetate
powder, and sodium hydroxide (NaOH) solution.
Chemicals used for analysis were methanol, DPPH
(Diphenyl-picryl-hydrazyl) solution, folin-ciocalteu
10% reagent, gallic acid, quercetin, sodium carbonate
(Na>C0s) 7.5%, and aluminium chloride (AICl;) 2%.

2.2. Sample Preparation

Fresh fruits and leaves of Noni (Morinda citrifolia L.)
were washed with clean water three times to remove dirt.
The fruits were cut into smaller sizes and dried in the
sunlight. While the leaves dried directly under sunlight,
without undergoing a size-reduction process. The fruits
and leaves were dried in the sunlight for a week (moisture
content < 8%). After drying, the samples were ground
into a powder and passed through a 40-mesh sieve to
obtain a uniform particle size. The moisture content of
the resulting powders was determined using the oven-
drying method.

2.3. Noni (Morinda citrifolia L.) Plant Extraction

The plant extracts were used to synthesize ZnO-NPs
as reducing agents. The preparation of the plant extract
used the maceration process, which involves soaking and
agitating the sample with the solvent. The solvents used
were deionized water (polar), ethyl acetate (semi-polar),
and hexane (non-polar). The purpose of using solvents
with different polarities was to extract different
phytochemicals based on their polarity. Since, according
to Widyawati et al. [13], different polarities of solvents
might determine the types, compositions, and
antioxidant activities of the phytochemicals extracted.
Thus, in this research, several solvents with different
polarities were used.

2.4. Synthesis of Zinc Oxide Nanoparticles (ZnO-NPs)

A total of 0.5 g of dried material obtained from the
extraction process of Noni (Morinda citrifolia) was mixed
with 50 mL of 0.6 M zinc acetate solution, and the pH was
adjusted to 8 using 1 M NaOH. 0.5 g of dry matter from the
extracts was determined by the oven method. The
mixture was stirred for 3 hours at 75-80°C using
magnetic stirrers, then observed until the precipitate
showed no further color change. The whiter color
indicated the formation of ZnO-NPs. The resulting ZnO-
NPs were separated by centrifugation at 5000 rpm for
10 minutes, washed with deionized water three times, and
dried in a hot-air oven at 60°C overnight. The ZnO-NPs
were then analyzed for their free radical scavenging
activity (DPPH). The control used for the analysis was the
zinc acetate solution [1].

2.5. Calcination of ZnO-NPs

The synthesized ZnO-NPs were subjected to thermal
treatment to evaluate the effect of calcination on their
structural properties. The dried nanoparticles were
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placed in a muffle furnace and heated to 100°C at a
constant heating rate of 5°C/min. This temperature was
maintained for 3 hours to ensure structural stabilization
and removal of residual moisture.

2.6. Total Phenolic Content

Total phenolic content (TPC) analysis was performed
to determine the phenolic compounds present in the
extract, as these compounds act as reducing agents
during the synthesis of ZnO-NPs. For the analysis, 0.5 mL
of Morinda citrifolia L. extract was transferred into a test
tube, followed by the addition of 2.5 mL of 10% Folin—
Ciocalteu reagent and 2.0 mL of 7.5% Na,CO; solution. The
mixture was thoroughly mixed and incubated at room
temperature for 1 hour. Subsequently, the absorbance was
measured at 725 nm using a UV-Vis spectrophotometer.
A reagent blank consisting of distilled water and all
reagents was prepared under the same conditions. The
total phenolic content was determined from a gallic acid
calibration curve using linear regression analysis and
expressed as milligrams of gallic acid equivalents per
gram of extract (mg GAE/g extract) [14].

2.7. Total Flavonoid Content

The total flavonoid content (TFC) of Morinda citrifolia
L. fruit and leaf extracts was determined using the
aluminum chloride colorimetric method. Briefly, 1 mL of
the extract was mixed with 1 mL of 2% AICl; solution in
methanol. The mixture was homogenized with a vortex
mixer and allowed to stand at room temperature for
10 minutes. Subsequently, the absorbance was measured
at 415 nm using a UV—-Vis spectrophotometer. A blank
solution consisting of 1 mL of methanol and 1 mL of 2%
AICl; in methanol was prepared under the same
conditions. The total flavonoid content was calculated
using a quercetin calibration curve and expressed as
milligrams of quercetin equivalents per gram of extract
(mg QE/g extract) [14].

2.8. Free Radical Scavenging Activity

The free radical scavenging activity of the ZnO-NPs
was evaluated using the DPPH assay. Briefly, 50 mg of
Zn0O-NPs powder was dispersed in 1 mL of deionized
water and vortexed for 15 min to facilitate the extraction
of soluble antioxidant compounds, as ZnO-NPs are
sparingly soluble in water. The suspension was then
centrifuged at 5000 rpm for 5 minutes. Subsequently,
1 mL of the supernatant was mixed with 1.5 mL of DPPH
solution and incubated in the dark at room temperature
for 30 minutes. The absorbance of the reaction mixture
was measured at 517 nm using a UV-Vis
spectrophotometer.

The remaining precipitate containing undissolved
ZnO-NPs was collected, dried, and weighed. The free
radical scavenging activity was expressed as percentage
inhibition (% inhibition) relative to the mass of the
undissolved ZnO-NPs (mg) [15].

2.9. Particle Size Analyzer

Particle size analysis (PSA) was performed using a
PSA300 Static Image Analysis System. This instrument
consists of a microscope equipped with a digital camera

that captures images of particles as the sample-mounted
slide is scanned.

2.10. Scanning Electron Microscopy (SEM)

The morphology of the ZnO-NPs was characterized
using SEM. SEM analysis was performed using a JEOL
JSM-6510 scanning electron microscope. Prior to
analysis, the ZnO-NPs powder was dispersed in deionized
water and sonicated to obtain a homogeneous
suspension. A small drop of the suspension was deposited
onto a glass slide and allowed to dry at room temperature.
The prepared sample was then placed in the SEM chamber
for morphological observation.

3. Results and Discussion
3.1. Noni (Morinda citrifolia L.) Plant Extraction

The plant extracts were calculated to contain the dry
matter required for the reduction of ZnO-NPs. The dry
matter was calculated by using the oven method. Each
sample was taken in 2 mL, and the samples were dried in
the oven until the weight was constant. The amount of dry
matter was expressed in grams/mL. Dry matter refers to
the amount of phytochemicals extracted. It can be seen
that polar solvent (deionized water) extracted the highest
amount of phytochemicals compared to the semi-polar
solvent (ethyl acetate) and the non-polar solvent
(hexane).

Table 1 shows the dry matter of Noni (Morinda
citrifolia L.) fruit and leaves extracts. The result was
supported by Krishnaiah et al. [9] and Ramamoorthy and
Bono [16], who stated that deionized water (polar solvent)
could extract polysaccharides, saponins, tannins, lectins,
terpenoids, anthocyanins, starches, and polypeptides
from Noni (Morinda citrifolia L.). While for ethyl acetate,
only alkaloids, aglycones, and glycosides could be
extracted. Followed by hexane, which could extract waxes
and fats only. Based on the types of compounds that could
be extracted by each solvent, it was clear that the dry
matter of the sample extracted using deionized water
(polar solvent) was the highest. Between samples, fruits
have higher dry matter than leaves in all solvent types.
Fruits have larger kinds of compounds compared to
leaves. Thus, the dry matter of the fruit sample is higher
than that of the leaves since they have higher
phytochemicals [16, 17].

Table 1. Dry matter of Noni (Morinda citrifolia) fruit and
leaves extracts

Dry matter
Type of (g/mL)
solvent
Fruit extract Leaves extract
Water 0.08335+ 0.0066  0.05975 + 0.0039
Ethyl acetate  0.0483 + 0.0038 0.0438 + 0.0045
Hexane 0.0157 + 0.0004 0.0156 + 0.0013
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3.1.1. Reducing Agents of Extract

Phytochemicals such as phenolics, flavonoids, and
alkaloids were the main compounds responsible for
reducing ionic bulk metallics to nanoparticle formation
[18, 19, 20, 21]. However, according to Krishnaiah et al.
[9], in Noni (Morinda citrifolia L.), the major
phytochemicals acting as reducing agents were phenolics
and flavonoids. Thus, the quantification of phenolic and
flavonoid compounds contained in the extract was
determined.

3.1.2. Total Phenolics of Noni (Morinda citrifolia L.)
Plant Extracts

In the extraction of Noni (Morinda citrifolia L.)’s
fruits, ethyl acetate was the most effective solvent for
extracting phenolic compounds. However, for the
extraction of Noni (Morinda citrifolia L.) leaves, water was
the most effective solvent. Deeper observation of the
phenolic content of fruits and leaves extracted with ethyl
acetate and water, respectively, indicated that Noni
(Morinda citrifolia L.) fruit contains higher semi-polar
phenolic compounds, while the leaves contain polar
phenolic compounds. Table 2 showed the total phenolic
content of Noni‘s fruits and leaves extract as a function of
different samples and solvent polarity, respectively.

The results were in accordance with Ramamoorthy
and Bono [16], who reported that Noni (Morinda citrifolia
L.) fruits contain a higher quantity of semi-polar
antioxidant compounds, as evidenced by higher total
phenolic content when extracted with ethyl acetate than
with ethanol (polar solvent).

Meanwhile, leaves contain higher levels of polar
compounds, as supported by the study of Rivera et al. [17],
which found that leaves contain larger polar compounds.
In contrast, the phenolic content extracted with hexane
was not significantly different. Hexane resulted in almost
no phenolic content, as most phenolic compounds were
polar and semi-polar. Furthermore, usually, hexane
extracts waxes and fats.

According to the statistical analysis of the total
phenolic content, different solvent polarities gave a
significant effect on the phenolic content of fruits and
leaves of Noni (Morinda citrifolia L.) (p < 0.05). However,
there was no significant effect on the total phenolic
content between fruit and leaves.

Table 2. Total phenolic content of Noni (Morinda
citrifolia) fruit and leaves extracts

Total phenolic content

Type of (mgGAE/g sample)
solvent
Fruit extract Leaves extract
Water 37.237 £ 0.417° 57.17 + 2.802°¢
Ethyl acetate  60.184 + 1.285° £46.507 + 0.391°
Hexane 3.095 + 0.1732 LOD

3.1.3. Total Flavonoid of Noni (Morinda citrifolia L.)
Plant Extracts

Generally, the result of the total flavonoid showed
that most of the flavonoid compounds of Noni (Morinda
citrifolia L.) were semi-polar. Followed by water and
hexane as the least. As has been explained earlier,
Ramamoorthy and Bono [16] stated that fruits have
higher semi-polar antioxidant compounds and showed in
their research that Noni (Morinda citrifolia L.), when
extracted using ethyl acetate, has higher total phenolic,
total flavonoid, and free radical scavenging activity
compared to ethanol (polar solvent). This statement
supported the result of the flavonoid content that fruit
extracted with ethyl acetate has the highest flavonoid
content among others. However, for the leaves, if
following Rivera et al. [17], the fruit should have higher
levels of polar compounds. However, this might be due to
the assay used for flavonoid content determination
attracting higher levels of semi-polar flavonoid
compounds. Meanwhile, for the hexane, the flavonoid
content was much lower than that of the others. In fact, it
can be seen that the leaf has a non-polar flavonoid
compound, which is higher than in the fruits.

The total flavonoid content of the fruit extract and
the leaves extract can be seen in Table 3. According to the
statistical analysis of total flavonoid content, different
polarities of solvent resulted in a significant effect on the
total flavonoid content of Noni (Morinda citrifolia L.)’s
fruits and leaves extract (p < 0.05). However, the t-test
indicated that fruits and leaves had a significant effect on
total phenolic content. The total phenolic content of fruits
was significantly higher than that of leaves (p < 0.05).

3.2. Reduction of ZnO-NPs

The reduction process of ZnO-NPs by Noni (Morinda
citrifolia L.) plant extract occurred because zinc acetate
possesses high reduction potentials, as metals (Zinc) are
attached to the anionic parts and have the tendency to
donate electrons. Thus, Zinc in its ionic form rapidly
dissociates from the anionic groups and is reduced using
plant extracts. In this case, the polyphenols and
flavonoids in the Noni (Morinda citrifolia L.) plant extract
act as chelating agents by binding to the cationic portion
of Zinc and reducing it to the zero-valent state. Resulting
in the formation and stabilization of ZnO-NPs.

Table 3. Total flavonoid content of Noni (Morinda
citrifolia) fruit and leaves extracts

Total flavonoid content

Type of (mgQE/g sample)
solvent
Fruit extract Leaves extract
Water 20.191 + 0.583P 21.88 + 0.700°
Ethyl acetate 38.155 + 2.081°¢ 34.558 + 0.524°¢
Hexane 1.91 + 0.171° 0.66 +1.943?

Values with different superscript letters within the same column are
significantly different (p < 0.05).

LOD = below the limit of detection

Values with different superscript letters within the same column are
significantly different (p < 0.05).
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In the reduction process of ZnO-NPs, 0.5 g of dry
matter and 50 mL of 0.6 M Zinc acetate were used. All
samples were standardized to a common dry matter
content to ensure consistency. Standardizing the amount
of plant extract used to reduce ZnO-NPs ensured that all
reactions contained the same amount of reactant
(phytochemicals). Thus, it could yield a fair and
comparable analysis of the synthesized ZnO-NPs. Even
though the same amount of reactant, the kinds of
phytochemicals extracted from different solvents
resulted in different types of phytochemicals. During the
reduction of ZnO-NPs, after mixing the plant extract with
a zinc acetate solution, the mixture was adjusted to pH 8
with 1 M NaOH. According to Pai et al. [10], the pH of the
mixture affected the morphology of the synthesized ZnO-
NPs.

3.2.1. Amount of ZnO-NPs

The highest reducing power to synthesize the ZnO-
NPs from fruit extract resulted from the fruits extracted
using ethyl acetate solvent. For the leaves, the highest
reducing power was observed in those extracted with
deionized water. This means that fruits have higher
phenolic content than leaves, while leaves have higher
flavonoid content, such as rutin and quercetin. The higher
yield in ethyl acetate is attributed to the concentration of
semi-polar phenolics, which possess superior electron-
donating capacity compared to the bulk polar matter in
water. The synthesis proceeds via the coordination of zinc
ions (Zn?*) with the hydroxyl groups of these phenolics,
forming a complex that facilitates the reduction and
nucleation of ZnO-NPs. Those components were
responsible for reducing ZnO-NPs.

Phenolic and flavonoid compounds that were
analyzed in the previous section showed that fruits
extracted using ethyl acetate resulted in the highest total
phenolic and flavonoid content. For leaves, the highest
total phenolic content was observed in extracts obtained
with deionized water. The highest total flavonoid of leaf
extracts resulted from ethyl acetate. The result was
supported by the study of Kuppusamy et al. [18], which
stated that phytochemicals such as phenolics, flavonoids,
and alkaloids were responsible for the reduction of
nanoparticle formation. Ramamoorthy and Bono [16]
stated a stronger result, since it was stated that fruit
contains largely semi-polar solvents. Moreover, Rivera et
al. [17] also stated that leaves are composed of highly
polar compounds.

Table 4 shows the amount of ZnO-NPs synthesized
using fruit and leaves extract of Noni (Morinda citrifolia
L.). According to statistical analysis conducted using SPSS
software, different solvent polarities have a significant
effect on the reducing power of the plant extract, as
measured by the amount of ZnO-NPs in either fruits or
leaves (p < 0.05). In addition, based on the t-test, the
different samples also show a significant effect on the
reducing power of the extract, as measured by the amount
of ZnO-NPs. The results for the highest amount of ZnO-
NPs between fruits and leaves are shown in Table 4.

Table 4. The amount of ZnO-NPs synthesized using fruit
and leaves extract of Noni (Morinda citrifolia L.)

Amount of ZnO-NPs

Type of solvent (mg)
Fruit extract Leaves extract
Water 1.579+ 0.029° 2.247 + 0.084¢
Ethyl acetate 2.883 + 0.110° 1.836 + 0.076°
Hexane 0.779 + 0.0262 0.698 + 0.009?

Values with different superscript letters within the same column are
significantly different (p < 0.05).

3.2.2. Free Radical Scavenging Activity

The synthesized ZnO-NPs were evaluated for their
free radical scavenging activity using the DPPH method.
The results of the free radical scavenging activity of ZnO-
NPs powder are shown in Table 5. Corresponding to the
amount of ZnO-NPs, the free radical scavenging activity
of the synthesized ZnO-NPs was also exhibited by ZnO-
NPs synthesized from fruit using ethyl acetate and from
leaves using deionized water. The result of the free radical
scavenging activity was based on the % inhibition/mg of
ZnO-NPs. The result was not expressed in the inhibition
concentration 50% (ICso) because of the insolubility of the
ZnO-NPs powder in water. The free radical scavenging
activity of the Zinc acetate (metallic bulk ions) was also
evaluated, and the result shows that the metallic bulk ions
do not have any free radical scavenging activity. The
mechanism of the free radical scavenging activity was
explained by Kumar et al. [1]. The cationic parts of the zinc
oxide nanoparticles are electrostatically attracted to the
bioactive compounds in the plant extract, resulting in a
reducing effect, while the phytochemicals cap the ZnO-
NPs, and their bioactivity increases synergistically.

The statistical analysis of the free radical scavenging
activity shows that the solvent significantly affects the
free radical scavenging activity of the ZnO-NPs that were
synthesized from fruits and leaves (p < 0.05).
Furthermore, variations in the sample also vyield
significantly different results for free radical scavenging
activity, as indicated by the t-test. The result of the
highest free radical scavenging activity between fruits
and leaves is shown in Table 5.

Table 5. Free radical scavenging activity of ZnO-NPs
from fruit and leaves extract of Noni (Morinda citrifolia

L.)
Free radical scavenging activity
Type of (% Inhibition/mg ZnO-NPs)
solvent
Fruit extract Leaves extract
Water 5.02 + 0.475P 6.89 + 0.545°
Ethyl c b
acetate 10.63 £ 0.651 5.79 + 0.548
Hexane 2.77 + 0.863? 1.57 + 0.5152

Values with different superscript letters within the same column are
significantly different (p < 0.05).
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Figure 1. SEM images of the ZnO-NPs (a) before and (b) after calcination

3.2.3. Calcination

Calcination was performed to assess its effect on the
characteristics of ZnO-NPs (size and morphology). The
size of the synthesized ZnO-NPs was observed using a
PSA, while the morphology was evaluated using images
from SEM. The ZnO-NPs that were synthesized from
fruit-ethyl acetate had the highest free radical
scavenging activity. Thus, only that sample undergoes the
calcination process. According to Kleitz et al. [22], during
the calcination, some physical and chemical formations
were formed. Moisture, carbon dioxide, and other volatile
compounds were evaporated. Moreover, calcination
might oxidize part or all of the substance, altering its
chemical composition.

3.2.4. Characterization of ZnO-NPs

Calcination was performed to assess its effect on the
characteristics of ZnO-NPs (size and morphology). The
size of the synthesized ZnO-NPs was observed using a
PSA, while the morphology was evaluated using images
from SEM. The SEM results are shown in Figure 1. The
ZnO-NPs that were synthesized from fruit-ethyl acetate
had the highest free radical scavenging activity. Thus,
only that sample undergoes the calcination process.
According to Kleitz et al. [22], during the calcination,
some physical and chemical formations were formed.
Moisture, carbon dioxide, and other volatile compounds
were evaporated. Moreover, calcination might oxidize
part or all of the substance, altering its chemical
composition.

The size of the ZnO-NPs increased during the
calcination process. The crystallite sizes increased from
115.9 nm to 313.6 nm. According to Parra and Haque [12],
the increasing sizes of the ZnO-NPs were due to the
nucleation-aggregation = phenomenon. Nucleation-
aggregation occurred due to the rapid formation of a
crystal nucleus. The increase in size of the ZnO-NPs also
happened due to the loss of phytochemicals of the plant
extract due to high temperature, since the
phytochemicals also act as a capping agent for the ZnO-
NPs [11].

In conclusion, Ravikumar and Kumar [23] also
reported that calcination at 100°C was essential for
complete water removal and for achieving higher
crystallinity in the nanoparticles, leading to larger
particle sizes. The increase in particle size and loss of
phytochemical capping during calcination present a

trade-off between structural stability and functional
efficacy. While higher crystallinity improves purity, the
reduced surface-area-to-volume ratio and the
degradation of bioactive capping agents may lower the
total antioxidant potency. Consequently, uncalcined
biogenic particles may be more suitable for applications
requiring maximum radical scavenging, whereas calcined
particles offer better structural integrity.

4. Conclusion

In this study, some variations of the sample (fruits
and leaves) and solvent polarities have been applied for
the synthesis of ZnO-NPs. Different solvent polarities and
sample types significantly affect the reducing power and
free radical scavenging activity of ZnO-NPs. The best
combination was Noni (Morinda citrifolia L.) fruit
extracted with ethyl acetate (a semi-polar solvent). It has
the highest reducing power to synthesize ZnO-NPs in
terms of their amount (2.8828+0.11mg), the highest free
radical scavenging activity (10.63 +0.651 % inhibition/mg
of dissolved ZnO-NPs), and resulted in particles with a
mean size of 115.9 nm. These findings suggest that
Morinda citrifolia-mediated ZnO-NPs could be utilized as
effective bioactive additives in the development of active
food packaging systems to prevent oxidative degradation.
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