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ABSTRAK

Kalanchoe ceratophylla Haw. merupakan tanaman obat yang telah lama
digunakan untuk mengatasi berbagai masalah kesehatan. Aktivitas biologisnya
berkaitan erat dengan kandungan metabolit sekunder, khususnya fenolik dan
flavonoid. Meskipun demikian, informasi ilmiah mengenaiperbedaan kandungan
senyawa pada batang dan daun masih terbatas. Penelitian ini bertujuan untuk
mengevaluasiprofil fitokimia serta kadartotalfenolik dan flavonoid pada ekstrak
batang dan daun K. ceratophylla. Hasil skrining fitokimia menunjukkan bahwa
ekstrak batang mengandung alkaloid, flavonoid, tanin, dan fenol, sementara
ekstrak daun juga mengandungsteroid. Kandungan fenolik total pada batangdan
This woris lensedunderaCreaﬁve daun masing-masing sebesar 7,43 mg GAE/100 g dan 7,11 mg GAE/100 g
fnot;""':‘aot;'sn/::"ibuﬁo“'ShareA“ke4'0 ekstrak,sedangkan kandungan flavonoid totalyaitu 0,324 mg QE/g ekstrak pada
https://doL.org/10.32734/jcnar.v7i2.22964 batangdan 1,621 mg QE/g ekstrak pada daun. Temuan ini menunjukkan bahwa
daun K. ceratophylla Haw berpotensi lebih besar sebagai sumber antioksidan

alamidalam pengembangan obat herbal.

Kata Kunci: Kalanchoe ceratophylla Haw., Kadar Fenolik Total, Kadar
Flanonoid Total, UV-Vis Spectrophotometry, Folin-ciocalteu.

1. Introduction

Medicinal plants have historically provided essential therapeutic agents in both contemporary and traditional
medicine, due to their varied secondary metabolites and extensive biological activity. The secondary
metabolites areidentified, including flavonoid and phenolic compounds that havepotential in antioxidant, anti-
inflammatory, antibacterial, antifungal, and anticancer properties [1][2]. In this study, the Kalanchoe genus;
comprising approximately 35 generaand 1410 species, has been used in traditional medicine across different
cultures due to its pharmacologically active constituents [3]
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Phenolic compounds are structurally diverse plant metabolites that play critical roles in defense
mechanisms against environmental stresses, including pathogens, UV radiation, and drought [4]. They also
function as hydrogen peroxide scavengers and are among the most abundant metabolites in higher plants,
ranging from simple phenols to complex polymers like lignin. Beyond their roles in plants, many phenolic
compounds exhibit antiviral, immunomodulatory, and anti-inflammatory activities [5]. Flavonoids, a major
group within the phenolic class found abundantly in fruits, vegetables, teas, and medicinal herbs [6],
demonstrate potent antioxidant properties by neutralising free radicals and safeguarding cells against oxidative
harm and ageing [7]. Futhermore, these compounds are known to have strong antioxidant activity, thereby
protecting the human body from chronic diseases [8]. The chemicals have proven to have anti-inflammatory
[9], anticancer [10], and cardioprotective effects [11], making them promising for therapeutic and preventive
applications.

Previous studies on several Kalanchoe species, including K. pinnata and K. tomentosa, have demonstrated
notable levels of phenolic and flavonoid compounds with high biological activity. It has also been reported
that extraction methods and plant parts influence both total phenolic content (TPC) and total flavonoid content
(TFC), alongside the resulting bioactivity [12] [13]. Despite this growing interest, Kalanchoe ceratophylla
Haw. remains relatively underexplored compared to other species within the genus. Specifically, there is a lack
of comparative data on the distribution of secondary metabolites between different plant parts, particularly
using aqueous extraction methods that are both environmentally friendly and aligned with traditional
preparation practices [2].

This study addresses this research gap by conducting a phytochemical screening and quantifying TPC and
TFC in aqueous extracts of the leaves and stems of K. ceratophylla. Unlike earlier studies that focused on
single plantparts or used organic solvents, this work provides a direct comparison of bioactive content between
leaves and stems using water as the extraction medium. While the study does not claim absolute novelty in
concept, it offers essential empirical evidence that contributes to a more comprehensive understanding of the
phytochemical distribution within K. ceratophylla. This insight not only enhances the scientific foundation for
its medicinal use but also supports future applications in pharmaceutical and nutraceutical formulations.

2. Material and Method
2.1. Equipments

The instruments used in this research were UV-Vis spectrophotometer (Shimadzu UV mini-1240), UV
lamp ELISA reader (BioTek Synergy HTX Multi-Mode).

2.2. Materials

Fresh stems and leaves of Kalanchoe ceratophylla Haw. were collected in Depok District, West Java,
Indonesia, at four months after planting. The plant specimens were taxonomically verified at the Herbarium
Bandungense (FIPTA), Bandung, Indonesia. Chemicals used included methanol (99.8%), hydrochloric acid
(HC11 M and 37%), ethyl acetate, sulfuric acid (H,SO,), n-hexane, magnesium powder, ferric chloride (FeCls
5%), Mayer’s reagent, Dragendorft’s reagent, distilled water, and quercetin and gallic acid standards (Merck).

2.3. Preparation and Extraction Procedure

The collected plant samples were gently rinsed with flowing water to eliminate soil residues and
subsequently dried with sterile tissue paper. The stems and leaves were separated, chopped, and homogenized
using a blender. Extraction was performed by maceration using distilled water at a plant-to-solvent ratio of 1:5
(w/v) for 24 hs at room temperature with constant stirring at 200 rpm. The obtained extract was filtered using
a muslin cloth, and the filtrate was evaporated using a blower oven to remove water. Next, 50 mg of the dried
extract from both plant parts was dissolved in 1 mL of methanol (99.8%) to prepare stock solutions, which
were stored at —20°C for further determination.

2.4. Preparation and Extraction Procedure
The presenceofvariousclasses of secondary metabolites was evaluated using standard qualitative methods:

¢ Alkaloids:
0.5 g of extract was dissolved in 5 mL of HCI 2N and heated in a water bath. After cooling and
filtration, Mayer’s and Dragendorft’s reagents were added. A white precipitate (Mayer’s) or orange-
red coloration (Dragendorff’s) indicated a positive result.
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o Flavonoids:
0.5 g of extract was dissolved in 2 mL of ethanol 70%, and little quantity of magnesium powder and
three drops of stronghydrochloricacid were introduced. The emergence of orange to red hues signified
the presence of flavonoids.
¢ Steroids:
0.5 g of extract was mixed with chloroform and then combined with 10 drops of acetic anhydride and
3 drops of concentrated H,SO,. A color change to blue-green indicated steroids.
e Tannins:
0.5 g of extract was dissolved in distilled water and reacted with 3 drops of FeCls. The appearance of
a blue-black or greenish-blue color indicated tannins.
o Phenolics:
Extracts (1 mL) were reacted with 2-3 dropsof'5% FeCls. A darkblue or green color indicated phenolic
compounds.
Negative controls for each test consisted of solvent without plant extract, while positive controls used
standards for each metabolite class.

2.5. Determination of Total Phenolic Contents (TPC)

The TPC of Kalanchoe ceratophylla Haw. extract was assessed using the Folin—Ciocalteu reagent with
gallic acid as the standard. In summary, 0.5 mL of extract or standard was combined with Folin—Ciocalteu
reagent and sodium carbonate, incubated for 30 minutes at room temperature, and absorbance was recorded at
734 nm using a spectrophotometer. A standard calibration curve of gallic acid (10-200 ppm) was used to
calculate total phenolic content, expressed as mg gallic acid equivalents (GAE) per gram of extract. All
measurements were conducted in triplicate (n = 4).

2.6. Determination of Total Flavonoid Contents (TFC)

The TPC was assessed utilising the aluminium chloride colorimetric technique, employing quercetin as the
standard reference. In brief, | mL of extract or quercetin standard was combined with 1 mL of AICl; 2% and
1 mL of potassium acetate 120 mM, incubated for 30 minutes, and the absorbance was recorded at 400—450
nm using an ELISA reader. A quercetin calibration curve (2—12 ppm) was employed to assess the flavonoid
content, reported as mg quercetin equivalent per gram of extract (mg QE/g). All analyses were conducted in
triplicate (n = 4).

2.6. Statistical Analysis

All the obtained data wereanalysed using one-way ANOVA to evaluate treatment effects. Mean separations
were carried out utilising the least significant difference test at a 95% confidence level (p <0.05). The findings
are displayed as mean + standard deviation (SD) from three independent replicates (n = 4).

3. Result and Discussion
3.1. Extraction

The extraction yield of Kalanchoe ceratophylla varied slightly between the leaf and stem samples, with the
leaf extract producing a higher yield (2.79%) than the stem extract (2.40%) using aqueous maceration (Table
1). This difference may reflect the higher concentration of water-soluble secondary metabolites in the leaves,
which are known to accumulate greater levels of phenolics, flavonoids, and other hydrophilic compounds
compared to structural tissues like stems. Similar trends have been reported in other medicinal plants, where
leaves consistently show greater extractive capacity due to their higher metabolic activity and surface area, as
demonstrated in Cassia alata and Olea europaea [14] Given that extraction yield is strongly influenced by
solvent polarity, tissue composition, and metabolite distribution, the present findings suggest that the leaves of
K. ceratophylla may be a more efficient target for extracting bioactive, water-soluble compounds, aligning
with previous studies emphasizing the influence of plant part selection on extract composition and extraction
efficiency [15][16].

Table 1. Yield of Kalanchoe ceratophylla Haw. extract.

Plant Part Colour Sample Weight (g) % Yield of Extract
Stem yellowish-green 24.04 2.40
Leaf yellowish-green 27.97 2.79
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3.2. Phytochemical Screening Test

The phytochemical screening (Table 2) revealed that both the stem and leaf extracts of Kalanchoe
ceratophylla Haw. contained phenolics, flavonoids, tannins, and alkaloids, although their distribution differed
slightly between plant parts. Alkaloids were detected only in the stem, while steroids were identified
exclusively in the leafextract, indicatinga tissue-specificallocation of certain metabolite classes. Theuniversal
presence of phenolics and tannins in both samples supports the established role of these compounds in plant
defense and oxidative stress regulation. These results are consistent with findings from recent studies, where
metabolites such as phenolics, flavonoids, and tannins were reported to vary across roots, stems, and leaves
depending on their physiological function, extraction method, and solvent choice [17] [18] [15]The observed
variation between leaf and stem metabolite profiles aligns with the broader understanding that secondary
metabolite biosynthesis is influenced by organ specialization and environmental adaptation [16]. Therefore,
the presence of diverse phytochemicals in both extracts highlights the pharmacological potential of K.
ceratophylla and supports further quantitative and biological evaluation of its different plant parts.

Table 2. Identification of secondary metabolite compounds results

E/?:tzrll)iallirés Sample Section Indicator Result
Alkaloid Stem Mayer +
Dragendorff +
Leaf Mayer -
Dragendorff -
Flavonoid Stem Mg- HCI +
Leaf Mg- HCI +
Steroid Stem (CH3CO)20 + HzSO4_ -
Leaf (CH5C0O),0 + H,S0,4 +
Tannin Stem FeCl; +
Leaf FeCl; +
Phenolic Stem FeCl; +
Leaf FeCl; +

Description:

(+) = indicates presence of compound
(-) = indicates absence of compound

3.3. Determination of Total Phenolic Contents (TPC)

The total phenolic contents of the purified extract of Kalanchoe ceratophylla Haw. was analyzed using the
Folin-Ciocalteu technique, and the standard used was gallic acid [19]. The Folin-Ciocalteu method is the most
prevalent technique employed in laboratories globally for quantifying total polyphenol content due to its
efficiency and cost-effectiveness [20]. In this study, the Folin—Ciocalteu (F—C) assay was applied to determine
the total phenolic content (TPC) of Kalanchoe ceratophylla extracts. This method is based on an electron-
transfer reactionin which phenoliccompounds actas reducingagents in alkaline conditions, donating electrons
to the phosphomolybdic—phosphotungstic complexes present in the F—C reagent. This reduction converts
Mo(VI) and W(VI) to their lower oxidation states, resulting in the formation of a blue-colored complex, the
intensity of which is proportional to the total reducing capacity of the sample. While originally developed as a
“total phenolic” assay, recent studies have highlighted that the F—C reagent also reacts with non-phenolic
reducing substances [21]. Consequently, the values obtained reflect the overall reducing potential rather than
absolute phenolic concentrations. Nonetheless, when consistently applied across samples, the assay remains a
reliable approach for comparing phenolic richness between different plant parts or treatments, as demonstrated
in this work. Similar observations have been made by [22], who also emphasized that while the details of the
reaction mechanism are not entirely understood, the reduction of molybdenum (Mo®") to Mo>* and the
formation of phenolate radicals represent key steps in the colorimetric response.
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Figure 1. The interaction of the Folin-Ciocalteu reagent with phenolic compounds can bedelineated as follows: a). thereaction of phosphomolybdic
acid with phenolic compounds; b). the reaction of phosphotungstic acid with phenolic compounds.

The total phenolic content (TPC) in Kalanchoe ceratophylla was quantified using gallic acid as a standard,
with concentrations ranging from 10 to 160 ppm. Gallic acid was chosen due to its wide distribution in plants
and its stable three-hydroxyl structure, making it a suitable reference for phenolic quantification. The findings
regarding the absorbance, as depicted in the standard curve of gallic acid, are illustrated in Figure 2.

Gallic Acid
1,200
K

2 1,000 < y = 0.0039x +0.2705
» 0,800 R? =0.993
(3] ..'
§ 0,600 .
50400 . .
2z ¢ ® Seriesl
< 0,200

0,000 T e Linear (Series1)

0 100 200 300
[Gallic Acid] (ppm)

Figure 2. Gallic acid standard solution curve

The calibration curve displayed strong linearity with an R? value o 0.993, indicating a reliable correlation
between absorbanceand phenolic concentration. Based on this calibration, the TPC of K. ceratophylla extracts
was determined to range from 7.11 mg GAE/100 gin leaves to 7.43 mg GAE/100 g in stems, following four
repetitions for each sample to ensure data reliability. These results confirm that both leaves and stems contain
appreciable amounts of phenolic compounds, which are recognized as key bioactive metabolites contributing

to antioxidant capacity and potential therapeutic effects. The absorbance measurements can be seen in Table
3.

The observed differences between plant organs may reflect variations in biosynthesis and accumulation of
phenolics, as leaves are photosynthetically activetissues often exposed to environmental stressors, while stems
may accumulate slightly higher phenolics due to structural or metabolic factors. Furthermore, the TPC levels
in K. ceratophylla are consistent with reports in other Kalanchoe species, such as K. pinnata, which exhibit
substantial phenolic contents associated with antioxidant and cytotoxic activities. The findings underscore the
role of phenolic compounds in mediating the biological activities of Kalanchoe species, supporting their
traditional medicinal use and highlighting the importance of organ-specific analyses for accurate
phytochemical assessment [13].

91



Journal of Chemical Natural Resources Vol.7, No.2 (2025) 87-95

Table 3. Determination of total phenolic content of sample

Total Phenolic Content
Plant Part Replication ~ Absorbance Absorbance Average ( rr(; gaG AE?III(())OI i‘% eg?rae CI}[)

Stem 1 0.415 0.5995 7.43
2 0.925
3 0.463
4 0.595

Leaf 1 0.481 0.5665 7.11
2 0.670
3 0.572
4 0.543

3.4. Determination of Total Flavonoid Contents (TFC)

The aluminium chloride assay, which serves as a prominent illustration within the realm of
spectrophotometric analyses, is predicated upon the interaction between said compound and flavonoids,
typically occurring at an acidic pH. The foundational methodology was pioneered by Christ and Miiller in
1960 and was suggested for the quantitative evaluation of flavonoid derivatives [23]. The total flavonoid
content in Kalanchoe ceratophylla extracts was determined using the aluminium chloride (AlCl;) colorimetric
assay (Figure 3), which relies on the formation of stable complexes between flavonoids and Al** ions through
interactions with functional groups such as the 3-hydroxyl and 4-keto group on the C-ring or ortho-dihydroxyl
structures on the B-ring, as found in quercetin. This assay generates a bathochromic shift detectable via
spectrophotometry and is particularly effective for estimating flavonoid concentrations in plant extracts. The
higher TFC observed in the leaf extract compared to the stem likely reflects tissue-specific biosynthesis, as
leaves are more exposed to environmental stressors and typically accumulate more phenolic compounds for
protection. This analytical approachis consistent with recent studies on flavonoid metal chelation mechanisms,
such as those described by [24], and provides reliable data for comparative phytochemical evaluation.

Al
O/ |

APt HY
Chelation
OH O
Quercetin
(B)
OH
OH NaNOg HNOz
HL o><|dat|on chelatlon
nitrosylation

Figure 3. The complexation reaction of AlCl; and the flavonoid backbone

The quantification of total flavonoid content (TFC) in this study was conducted using quercetin as the
standard, with absorbance measurements recorded at 440 nm. The calibration curve generated from quercetin
standards showed a high degree of linearity, as reflected by the regression equation y =0.0105x +0.0298 and
a correlation coefficient of R? = 0.9958., as shown in Figure 4. A correlation coefficient value close to 1
indicates that the regression relationship is linear. This regression equation was subsequently used to calculate
TFC values for the stem and leaf extracts.
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Figure 4. Quercetin standard solution curve

The results indicated that the leaf extract contained a higher concentration of flavonoids (1.62 mg QE/g)
compared to the stem extract (0.32 mg QE/g), suggesting a richer accumulation of flavonoid metabolites in the
leaf tissue. This trend aligns with findings reported by [13], where the leaf extract of Kalanchoe ceratophylla
exhibited higher TFC values than the stem across both hot air drying (10.04 ug QE/g vs. 2.47 ug QE/g) and
freeze-drying methods (12.27 ug QE/g vs. 3.49 ug QE/g). The consistently greater TFC in leaf tissues likely
reflects inherent physiological and biochemical differences between plant organs, as leaves are the primary
site of photosynthesis and synthesize larger quantities of flavonoids involved in photoprotection and oxidative
stress responses.

Comparable trends were also observed in Kalanchoe tomentosa, where the methanol extract yielded a
notably high TFC value of 72.46 mg QE/g, and contained quercetin and kaempferol based glycosides, both
recognized for their antioxidant relevance. The extract demonstrated moderate to high activity in DPPH,
ABTS, and H,0, assays (50-300 pg/mL), and in silico analysis indicated possible interactions of these
flavonoids with NAM/NAG peptide pathways important from gram positive bacteria [12]. These findings
support our observation that leaf tissues generally accumulate more flavonoids than stems across Kalanchoe
species, suggesting that the higher TFC in our leaf samples aligns with established phytochemical patterns and
may contribute to their stronger antioxidant-associated properties.

Table 4. Determination of Total Flavonoid Content of sample

Sample Section Replication =~ Absorbance Absorbance Total Flavonoid Content
Average (mg QE/g)

Stem 1 0.158 0.169 0.32
2 0.173
3 0.165
4 0.180

Leaf 1 0.751 0.790 1.62
2 0.772
3 0.836
4 0.801

4. Conclusion

This study demonstrated that the aqueous extracts of both stem and leaf parts of Kalanchoe ceratophylla
Haw. containnotablelevels of water-soluble secondary metabolites, with theleafyielding slightly more extract
(2.79%) than the stem (2.40%). Phytochemical screening revealed that both parts are rich in flavonoids,
phenolics, and tannins, although there were distinct differences in the presence of specific metabolite groups.
Steroids were only detected in the leaves, while alkaloids were exclusive to the stem extract. Quantitative
analysis further confirmed that the stem contained a marginally higher total phenolic content (7.43 mg
GAE/100 g), whereas the leaf had a significantly greater flavonoid level (1.62 mg QE/g). By offering a clear
comparison of the phytochemical profiles of the stem and leaf, this work fills an important gap in the existing
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literature on K. ceratophylla. The findings highlight the plant’s potential as a natural source of bioactive
compounds, supporting its relevance in the development of plant-based therapeutic and nutraceutical agents.
Future investigations are needed to build on these preliminary results, particularly through systematic
evaluation of biological activities, isolation of key active constituents, and elucidation of their mechanisms of
action. Further studies focusing on extract standardization, safety assessment, and synergy with conventional
drugs would also strengthen the foundation for considering K. ceratophylla as a promising natural resource for
biomedical applications.

5. Acknowledgements
We would like to express our gratitude to the National Research and Innovation Agency (BRIN) and the
Postgraduate School of Chemistry, University of North Sumatra for their support in conducting this research.

6. Conflict of Interest
Authors declare no conflicts of interest

References

[1] S.S. Gololo, C.J. Semenya, M.T. Olivier, L.J. Sethoga, E.H. Mathe, R.B. Maseko, Metabolite profiling of
different tissues of barleria dinteri through the gc-ms analysis, Asian Journal of Chemistry 33 (2021)
1336-1340. https://doi.org/10.14233/ajchem.2021.23192.

[2] F.H. Thamer, N. Thamer, Gas chromatography — Mass spectrometry (GC-MS) profiling reveals newly
described bioactive compounds in Citrullus colocynthis (L.) seeds oil extracts, Heliyon 9 (2023).
https://doi.org/10.1016/j.heliyon.2023.e16861.

[3] M.H.A. Hassan, A. Elwekeel, A. Moawad, N. Afifi, E. Amin, D. El Amir, Phytochemical constituents
and biological activity of selected genera of family Crassulaceae: A review, South African Joumal of
Botany 141 (2021) 383—404. https://doi.org/10.1016/j.sajb.2021.05.016.

[4] M. Abdul Gani, Phenolic Compounds, (n.d.). https://doi.org/10.5772/intechopen.96740.

[5] W. Sun, M.H. Shahrajabian, Therapeutic Potential of Phenolic Compounds in Medicinal Plants—Natural
Health Products for Human Health, Molecules 28 (2023). https://doi.org/10.3390/molecules28041845.

[6] J. Uddin, S.W. Ali Shah, M. Zahoor, R. Ullah, A. Alotaibi, Chalcones: The flavonoid derivatives
synthesis, characterization, their antioxidant and in vitro/in vivo antidiabetic potentials, Heliyon 9 (2023).
https://doi.org/10.1016/j.heliyon.2023.e22546.

[7] N.F.Shamsudin, Q.U. Ahmed, S. Mahmood, S.A.A. Shah, M.N. Sarian, M.M.A K. Khattak, A. Khatib,
A.S.M. Sabere, Y.M. Yusoff, J. Latip, Flavonoids as Antidiabetic and Anti-Inflammatory Agents: A
Review on Structural Activity Relationship-Based Studies and Meta-Analysis, Int J Mol Sci 23 (2022).
https://doi.org/10.3390/ijms232012605.

[8] M. Zahra, H. Abrahamse, B.P. George, Flavonoids: Antioxidant Powerhouses and Their Role in
Nanomedicine, Antioxidants 13 (2024). https://doi.org/10.3390/antiox13080922.

[9] D. Elsori, P. Pandey, M. Verma, N. Vadia, R. Roopashree, M. Vyas, L. Lakshmi, L. Maharana, D.
Nathiya, M. Saeed, S. Obaidur Rab, F. Khan, Recent advancement in the anticancer efficacy ofthe natural
flavonoid  scutellarin: a  comprehensive review, Front  Pharmacol 16  (2025).
https://doi.org/10.3389/fphar.2025.1579609.

[10] R.A. Syahputra, U. Harahap, A. Dalimunthe, M.P. Nasution, D. Satria, The Role of Flavonoids as a
Cardioprotective Strategy against Doxorubicin-Induced Cardiotoxicity: A Review, Molecules 27 (2022).
https://doi.org/10.3390/molecules27041320.

[11]Z. Zhang, X. Li, S. Sang, D.J. McClements, L. Chen, J. Long, A. Jiao, Z. Jin, C. Qiu, Polyphenols as
Plant-Based Nutraceuticals: Health Effects, Encapsulation, Nano-Delivery, and Application, Foods 11
(2022). https://doi.org/10.3390/foods11152189.

[12]J.L. Mejia-Méndez, G. Sanchez-Ante, Y. Minutti-Calva, K. Schiirenkdmper-Carrillo, D.E. Navarro-
Lépez, R.E. Buendia-Corona, M. del C.A.Gonzalez-Chavez, A.L. Sanchez-Lopez, J.D. Lozada-Ramirez,
E. Sanchez-Arreola, E.R. Lopez-Mena, Kalanchoe tomentosa: Phytochemical Profiling, and Evaluation
of Its Biological Activities In Vitro, In Vivo, and In Silico, Pharmaceuticals 17 (2024).
https://doi.org/10.3390/ph17081051.

[13] L.P. Manalu, H. Adinegoro, N. Yustiningsih, Astuti, R. Luthfiyanti, Maisaroh, W. Purwanto, Subandrio,
O.B. Pongtuluran, P. Atmaji, T. Hidayat, H. Henanto, A. Asgar, A.S. Nasori, A. Triyono, B. Elya, A. Bin
Arif, Impact of Drying Methods on Bioactive Compounds and Antioxidant Properties of Kalanchoe
ceratophylla, Scientifica (Cairo) 2025 (2025). https://doi.org/10.1155/sci5/7146758.

94



Journal of Chemical Natural Resources Vol.7, No.2 (2025) 87-95

[14] S.R.A. Bunya, S. Lihan, Effects of Extraction Method on Yield, Phenolic and Flavonoid Content of Leaf,
Stem and Rootof Cassiaalata Linn., Borneo Journal of Resource Science and Technology 14 (2024) 139—
148. https://doi.org/10.33736/bjrst.5701.2024.

[15]I. Susanti, R. Pratiwi, Y. Rosandi, A.N. Hasanah, Separation Methods of Phenolic Compounds from Plant
Extract as Antioxidant Agents Candidate, Plants 13 (2024). https://doi.org/10.3390/plants13070965.

[16] R. Barthwal, R. Mahar, Exploring the Significance, Extraction, and Characterization of Plant-Derived
Secondary Metabolites in Complex Mixtures, Metabolites 14 (2024).
https://doi.org/10.3390/metabo14020119.

[17] K. Saeed, M.F. Jahangir Chughtai, A. Khaliq, A. Liaqat, T. Mehmood, M. Zubair Khalid, E.L.M.
Kasongo, Impact of extraction techniques and process optimization on antioxidant and antibacterial
potential of Kalanchoe pinnata leaf extract, Int J Food Prop 27 (2024) 909-926.
https://doi.org/10.1080/10942912.2024.2373796.

[18] N.N. Mahmoud, M.T. Selim, Phytochemical analysis and antimicrobial activity of Silybum marianum L.
via multi-solvent extraction, AMB Express 15 (2025). https://doi.org/10.1186/s13568-025-01925-2.

[19] A.N.T. Pavani, D. Sheela, L. Ramesh, A Comprehensive Quantitative Analysis and Acute Toxicity Study
Of Kalanchoe Pinnata, J Appl Bioanal 10 (2024) 119—124. https://doi.org/10.53555/jab.v10i2.154.

[20] A. Andriani, B.C. Sinaga, D.N. Hasana, M. Program, S. Sistem, S. Tinggi, M. Informatika, Penerapan
Algoritma K-Means Penjualan Produk Dettol Untuk Mengklasifikasikan, 1 (2024) 1-8.

[21] M. Pérez, I. Dominguez-Lopez, R.M. Lamuela-Raventos, The Chemistry Behind the Folin-Ciocalteu
Method for the Estimation of (Poly)phenol Content in Food: Total Phenolic Intake in a Mediterranean
Dietary Pattern, J Agric Food Chem 71 (2023) 17543—17553. https://doi.org/10.1021/acs.jafc.3c04022.

[22] M. Samara, A. Nasser, U. Mingelgrin, Critical Examination of the Suitability of the Folin-Ciocalteu
Reagent Assay for Quantitative Analysis of Polyphenols—The Case of Olive-Mill Wastewater, Am J
Analyt Chem 13 (2022) 476—493. https://doi.org/10.4236/ajac.2022.1311032.

[23] A.M. Shraim, T.A. Ahmed, M.M. Rahman, Y.M. Hijji, Determination of total flavonoid content by
aluminum chloride assay: A critical evaluation, LWT 150 (2021).
https://doi.org/10.1016/.1wt.2021.111932.

[24] G.A. Corrente, L. Malacaria, A. Beneduci, T. Marino, E. Furia, Quercetin and luteolin complexation with
first-row transition metals in purely aqueous solutions: stoichiometry and binding site selectivity, Dalton
Transactions 54 (2025) 7828-7837. https://doi.org/10.1039/d5dt00478k.

95



