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activity was analysed by the DPPH (2,2-diphenyl-1-
picrylhydrazyl) method, with ICso values reported. The
Folin- Ciocalteu assay measured total phenolic
content and was reported as mg gallic acid
equivalents per gram of extract (mg GAE/g).
Flavonoids per gram of extract were reported in mg
quercetin equivalents (mg QE/g), measured using the
AICl;  colourimetric  technique. The data were
analysed statistically through one-way ANOVA,
followed by Duncan’s Multiple Range Test, with a
significance level of p < 0.05. The fresh control
produced a wet-basis extract yield of 0.82%, whereas
the dried samples produced dry-basis yields of 3.0%,
3.2%, and 5.1% at 40, 50, and 60 °C, respectively. The
highest antioxidant activity occurred in the 40°C
group, with the lowest ICso value of 17.83 ppm. The
total phenolic content peaked at 60°C, indicating a
value of 124.0 = 1.59 mg GAE/g extract. TFC differed
significantly across the four sample groups because
the fresh control was lower than all dried groups,
however, the 40, 50, and 60°C drying treatments did
not differ significantly from one another.
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INTRODUCTION

hrysanthemum morifolium L., colloquially known as chrysanthemum, is a
commonly used medicinal herb available as herbal tea owing to its potent anti-
inflammatory activity (Gong et al., 2019; Mutiah et al., 2021; Yuan et al., 2015). This
plant possesses a multitude of bioactive compounds such as flavonoids, alkaloids,
terpenoids, sesquiterpene lactones and phenolic acids, which all contribute to its
pharmacological activity, including antibacterial, antifungal, and antioxidant effects
(Astiti et al., 2021). Flavonoids, the most significant metabolites, are recognised for their
health effects. Within this group, anthocyanins are crucial in determining flower
pigmentation colours ranging from orange and red to purple and blue (Hodaei et al.,
2017).

In traditional medicine systems, chrysanthemum flowers have been used for
centuries for treating fever, headache, cough, and certain visual disorders (Chen et al.,
2024; Mutiah et al., 2021; Wanita, 2022). Phytochemical analyses of these extracts
produced an array of active constituents, including flavonoids like 7-O-B-D-glucoside and
linarin as well as phenolic acids such as chlorogenic acid and a variety of caffeoylquinic
acid derivatives (Wanita, 2022). These compounds have been recognised as effective
natural antioxidants, predominantly because they scavenge free radicals and reduce
oxidative stress in biological systems.

Various studies have shown that how chrysanthemum is prepared affects its
antioxidant potential. Hartanto et al. 2021) found that fresh chrysanthemum had an
antioxidant activity of about 68.70%, while processed dried flower tea at 60°C had an
increased activity of 87.52%. However, some extracts such as flavonoids, tannins, and
saponins are thermolabile and degrade under high-temperature drying processes, leading
to a loss of antioxidant activity. The role of drying temperature on antioxidant activity
has also been highlighted by (Yulianti et al., 2019), whose investigation noted a decrease
in antioxidant activity with increasing temperature.

Previous studies featured different drying methods ranging from low-temperature
drying at 30-35°C (Chen et al., 2024) to freeze-drying processes (Yuan et al., 2015). On
the other hand, Yulianti et al. 2019) applied only two extreme conditions, namely 30°C
and 70°C, while Hartanto et al. 2021) used a single temperature setting of 60°C without

including intermediate ranges for comparison. Drying of chrysanthemum has already
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received much attention, but limited studies investigated only moderate drying (40—-60°C)
conditions, in comparison with conventional and extreme-temperature approaches. This
limitation reveals a specific literature gap when it comes to the role of intermediate
temperatures in preserving antioxidant properties in chrysanthemum medicinal products,
e.g. herbal tea. Therefore, the purpose of this study was to analyse the effects of drying
temperatures (40, 50, and 60°C) on extract yield, antioxidant activity, total phenolic

content, and total flavonoid content of Chrysanthemum morifolium L. flowers

MATERIALS AND METHODS

Sample Collection and Preparation: Fresh Chrysanthemum flowers were obtained
from Bandungan Market, Semarang, Central Java. Approximately 1,500 g of fully
bloomed flowers were used for each treatment. The study comprised four sample groups:
fresh flowers as the control and flowers dried at 40, 50, or 60 °C for 24 hours until
constant weight. For the fresh control, 200 g of fresh flowers were used for extraction
with 800 mL of methanol. The flowers were dried at 40°C, 50°C, or 60°C (Agrowindo,
OVL-16) for 24 hours until constant weight (Riasari et al., 2022). The 50 g dried flowers
(simplicia) were macerated with 200 mL methanol for 24 hours (Asworo & Widwiastuti,
2023). Extracts were concentrated with a rotary evaporator (Heidolph, Hei VAP Core)
at 50°C. The yield of the fresh control was calculated on a wet-weight basis, whereas
the yields of the dried samples were calculated on a dry-weight basis. The extraction
yield was calculated using the following formula:

Vield (%) = Weight of concentrated extract (g) 100%
e o Weight of dried flower simplicia (g) * °

A DPPH radical scavenging assay was carried out using a freshly prepared 50
ng/mL DPPH working solution, while gallic acid served as the calibration reference
within a 0—100 ppm range. Sample extracts were prepared at incremental concentrations
between 0 and 200 ppm. Absorbance readings were recorded at 517 nm using a UV-Vis
spectrophotometer (Thermo Scientific, Genesys UV-Vis 150) (Fabiana, 2019). The
antioxidant activity was expressed as percentage inhibition using the equation: %

inhibition = (1 — A_sample/A_blank) x 100. Each analysis was performed in triplicate
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(n = 3). ICso values were obtained by plotting inhibition percentages against
corresponding concentrations, followed by linear regression modelling.

Total phenolic content (TPC) of chrysanthemum flower extracts was determined
using the Folin—Ciocalteu assay following standard procedures (Septiani et al., 2018),
with gallic acid employed as the calibration standard. Absorbance was measured at 750
nm, and results were reported as milligrams of gallic acid equivalents per gram of extract
(mg GAE/g). All samples were analysed in three independent replicates. A calibration
curve for gallic acid was established prior to quantification, yielding a coefficient of
determination (R?) of 0.968.

Total flavonoid content (TFC) was evaluated using the aluminium chloride
colourimetric method, using quercetin as the reference compound. Absorbance was read
at 415 nm, and flavonoid levels were expressed as milligrams of quercetin equivalents
per gram of extract (mg QE/g) (Septiani et al., 2018). Measurements were conducted in
triplicate, and a quercetin standard curve was prepared in advance, resulting in an R?
value of 0.987.

Data from the four sample groups—fresh control and samples dried at 40°C, 50°C,
and 60°C—were analysed using one-way analysis of variance (ANOVA). When the
ANOVA indicated a significant overall difference, Duncan’s Multiple Range Test was
applied at p < 0.05. Different superscript letters indicate significant differences between

groups, whereas identical letters indicate no significant difference.

RESULTS AND DISCUSSION

Antioxidants function by donating electrons, thereby neutralising free radicals and
interrupting the propagation of radical chain reactions (Siddiq et al., 2016; Widyasanti
et al., 2016). They are generally categorised into two major types, namely natural and
synthetic antioxidants. Natural antioxidants are commonly sourced from plant materials,
including chrysanthemum flowers, which are known to contain bioactive compounds
with antioxidant potential (Sayuti & Yenrina, 2015; Setiawati et al., 2019).

Maceration is one of the conventional extraction techniques in which plant
material is immersed in an appropriate solvent for a defined period to facilitate

compound diffusion (Agustina et al., 2018; Mawarda et al., 2020). In the present study,
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maceration was selected because the samples were subjected to relatively high drying
temperatures, making this method suitable for isolating thermolabile constituents that
are easily degraded under heat exposure. Chairunnisa et al. (2019) also reported that
maceration is effective in maintaining the stability of heat-sensitive phytochemicals
during extraction.

The fresh control produced 4.1 g of concentrated extract from 500 g of fresh flower
material, corresponding to a wet-basis yield of 0.82%. Among the dried samples, extract
yields were 3.0%, 3.2%, and 5.1% at 40, 50, and 60 °C, respectively. Thus, the highest
dry-basis extract yield was obtained at 60 °C. The higher yields observed in the dried
samples may be associated with moisture removal, which increased the relative
proportion of extractable solids, and with heat-induced alteration of tissue structures that
may facilitate solvent penetration and compound release. However, the fresh-control
yield was calculated using wet material, whereas the yields of the dried samples were
calculated using dried material. Therefore, the yield of the fresh control cannot be
directly compared quantitatively with those of the dried samples. Furthermore, the
highest extract yield at 60 °C did not correspond to the strongest antioxidant activity,
indicating that extract yield represents the total amount of recovered material rather than
specifically the amount or activity of antioxidant compounds.

In the DPPH assay, antioxidant activity is based on a redox reaction in which
antioxidant molecules donate electrons to DPPH radicals. This electron transfer leads to
a visible colour transition from deep purple to lighter yellow or even colourless,
indicating radical scavenging activity (Mutiah et al., 2021; Sami & Rahimah, 2018). The
observed colour change reflects the presence of antioxidant compounds in the sample
(Salim, 2018). The detailed antioxidant activity results are summarised in Table 1.

Table 1. Antioxidant Activity of Chrysanthemum morifolium Flower Extracts

No  Sample Group ICso Value (ppm) Antioxidant Activity Classification

1 40°C 17.83* Very Strong
2 50°C 140.54° Moderate

3 60°C 212.28° Very Weak
4 Fresh flower 208.94¢ Very Weak

ANOVA indicated a significant overall difference among the four sample groups (p <
0.05). Duncan’s test showed that the 40°C treatment differed from the 50°C and 60°C
treatments; the 60°C treatment did not differ from the fresh control.
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The diversity of phenolic compounds and antioxidant activity in the
chrysanthemum flower variety 'Hangbaiju' may serve as a basis for the development of
superior cultivars with higher antioxidant content (Gong et al., 2019). The antioxidant
activity assay conducted on fresh samples and samples dried at 40°C, 50°C, and 60°C
showed that the lowest average 1Cso value was obtained at 40°C, measuring 17.83 ppm,
which falls under the category of very strong antioxidant activity. The 40°C drying
treatment represented the lowest temperature tested. Antioxidant activity can be
influenced by drying temperature (Ananta et al., 2021), consistent with the findings of
Angraiyati & Hamzah (2017), who reported that drying temperature affects the active
compounds contained in the material.

Table 2. One-Way ANOVA and DMRT Results for ICso, Total Phenolic Content, and
Total Flavonoid Content

Response Between-  Within-  F- Exact  Statistical DMRT interpretation
variable groups df  groups value p- conclusion

df value
1Cso 3 8 4.102 0.049 Significant 40 °C differed from 50

and 60 °C; 60 °C did
not differ from the
fresh control

Total 3 8 4520 0.039 Significant  The fresh control
phenolic differed from 60 °C;
content the other comparisons
(TPC) were not significant
Total 3 8 4.140 0.048 Significant  The fresh control
flavonoid differed from all dried
content samples; 40, 50, and
(TFC) 60 °C did not differ
significantly

Higher drying temperatures generally result in weaker antioxidant activity.
Additionally, thermolabile compounds or active constituents in the samples are sensitive
to high-temperature exposure. Excessively high drying temperatures can lead to
degradation or structural alterations of these compounds, thereby changing their
chemical properties (Handito et al., 2021). Drying temperature plays a decisive role in
preserving bioactive compounds. At 40°C, antioxidant activity was strongest, consistent
with Ananta et al.,, 2021), who reported that moderate temperatures preserve
thermolabile compounds. The weaker antioxidant activity observed at 60 °C may be

associated with thermal alteration or degradation of particular heat-sensitive antioxidant
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compounds (Syafrida et al., 2018). However, because TFC did not differ significantly
among the three drying temperatures (Table 2), the reduction in antioxidant activity
cannot be attributed solely to changes in total flavonoid content.

For the fresh flower extract treatment, the average IC50 value was 208.94 ppm,
categorised as very weak antioxidant activity. The fresh control exhibited a relatively
high ICso value, indicating weaker radical-scavenging activity than the 40 and 50 °C
treatments. This difference may reflect variation in the extractable compound profile
between fresh and dried tissues. Elevated moisture content can reduce the concentration
of antioxidant compounds present in the sample (Amrizal et al., 2020). Drying may alter
the accessibility, concentration, or chemical form of antioxidant constituents; however,
the contribution of individual compounds was not determined in this study. The
determination of total phenolic and flavonoid contents is presented in Table 3.

Table 3. Total phenolic and flavonoid content measurement results of Chrysanthemum
flower extracts.

No Sample Group Total Phenolic Content Total Flavonoid Content
(mg GAE/g extract) (mg QE/g extract)
1 40°C 122.00£1.23% 2.25+0.00°
2 50°C 122.00+1.07% 2.25+0.00°
3 60°C 124.00+1.59° 2.17+0.01°
4 Fresh flower 119.70+0.58* 1.98+0.03°

For both TPC and TFC, ANOVA indicated significant overall differences among the four
sample groups (p < 0.05). Duncan’s test showed that the fresh control differed from the 60°C
group for TPC and from all three dried groups for TFC. TFC did not differ significantly among
the 40°C, 50°C, and 60°C drying treatments.

The Folin—Ciocalteu assay is a standard analytical technique commonly employed
to quantify total phenolic compounds in plant-derived samples, operating through a
redox-driven colourimetric mechanism. This reagent system is generated via the reaction
between sodium tungstate (NazWO4) and sodium molybdate (Na:MoOs), forming a
yellow molybdotungstate (Mo—W) complex. During analysis, phenolic substances in the
extract function as reducing agents that convert this complex into a blue chromophore,
which is typically detected in the 745-765 nm wavelength region. The resulting colour
intensity reflects the reduction of molybdenum from its +6oxidation state (Mo (VI)) to a

lower state (Mo(V)) (Nurmiati & Dyah, 2018).
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Phenolic compounds are a broad class of plant secondary metabolites defined by
the presence of one or more hydroxyl (-OH) groups attached to an aromatic ring structure.
These metabolites are widely distributed across plant tissues and are well known for their
diverse biochemical functions and biological activities (Mahardani & Ywuanita, 2021;
Marjoni & Novita, 2015; Rousdy et al., 2021).

The results indicate that sample processing affected the measured TPC. The highest
value was recorded at 60°C (124.0 mg GAE/g extract), whereas the fresh control had the
lowest value (119.7 mg GAE/g extract; Table 2). Because the flowers had already been
harvested before oven drying, the higher measured TPC at 60°C is more plausibly
explained by heat-induced disruption of tissue and cell-wall structures, which may release
matrix-bound phenolics and improve their extractability, rather than by active stress-
induced phenolic biosynthesis. An increase in measured TPC does not necessarily
produce stronger antioxidant activity because heating may also transform or degrade
particular compounds with high radical-scavenging activity. This interpretation is
consistent with the reported increase in TPC after drying of chrysanthemum flowers
(Gong et al., 2019; Yuan et al., 2015).

Flavonoids react with AICl; by forming complexes between hydroxyl groups
adjacent to ketones or other hydroxyl groups. AlCls interacts with the ketone group at C4
and hydroxyl groups at C3 or C5 of flavones or flavonols to produce a stable yellow-
colored complex (Sari & Ayuchecaria, 2017). In higher plants, flavonoids are found in
both vegetative parts and flowers. As flower pigments, flavonoids play a significant role
in attracting birds and insect pollinators. While some flavonoids are colourless, others
absorb ultraviolet (UV) light (Rousdy et al., 2021).

TFC differed significantly across the four sample groups because the fresh control
(1.98 + 0.03 mg QE/g extract) was lower than each dried group (Table 2). In contrast, the
40°C, 50°C, and 60°C treatments shared the same Duncan grouping and therefore did not
differ significantly from one another. The numerically highest TFC values occurred at
40°C and 50°C (2.25 = 0.00 mg QE/g extract), while the value at 60°C was slightly lower
(2.17£0.01 mg QE/g extract). This numerical decrease may reflect the thermal sensitivity
of some flavonoids, but it should not be described as a statistically significant difference

among the three drying temperatures (Syaftrida et al., 2018; Yulianti et al., 2019).
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CONCLUSION

Drying conditions influenced the measured characteristics of Chrysanthemum
morifolium flower extracts. Among the tested drying temperatures, 40 °C produced the
strongest antioxidant activity, whereas 60 °C produced the highest dry-basis extract yield
and measured TPC. TFC differed significantly between the fresh control and the dried
samples but did not differ significantly among the 40, 50, and 60 °C treatments.
Therefore, 40 °C was the most suitable of the tested temperatures for preserving
antioxidant activity, whereas 60 °C produced the highest extract yield and TPC among

the dried samples.
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  Y i e l d    ( % ) =   Weight   of   concentrated   extract    ( g )  Weight   of   dried   flower   simplicia    ( g )   x   100 %

