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▶ Biology

Insights in Evaluating Commercially Important Macroinvertebrate Species in Danjugan Island
Marine Reserve, Philippines (/publication/regular-issues/current-issue/129-vol-153-no-3-june-
2024/2097-insights-on-evaluating-commercially-important-macroinvertebrate-species-in-
danjugan-island-marine-reserve-philippines)
Marina Prieto-Amador and Nadia Palomar-Abesamis

Marine Turtle Identification, Sightings, and Nesting Area Mapping in Batanes Province, the
Philippines (/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2083-marine-
turtle-identification-sightings-and-nesting-area-mapping-in-batanes-province-the-philippines)
El Andro Aguada Obar, Julie Ann A. Arcales, Cherry Pilapil Añasco, and Sanny David P. Lumayno

Observation of the Asian Turtle Tick Amblyomma geoemydae Cantor, 1847 (Acari: Ixodidae) on
the Asian Leaf Turtle Cyclemys dentata Gray, 1831 in Coron Island, the Philippines
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2084-observation-of-the-
asian-turtle-tick-amblyomma-geoemydae-cantor-1847-acari-ixodidae-on-the-asian-leaf-turtle-
cyclemys-dentata-gray-1831-in-coron-island-philippines) [Research Note]
Tristan Luap P. Senarillos, Jahn Zylke T. Ong, Karlen Mignon Acaba, Alpha Joyce Fernandez, Jestine
Crhistia Gatdula, and Leticia E. Afuang

Coral Health and Benthic Composition of Reefs in an MPA and Open-access Site in Western
Calatagan, Batangas, the Philippines (/publication/regular-issues/current-issue/129-vol-153-no-
3-june-2024/2090-coral-health-and-benthic-composition-of-reefs-in-an-mpa-and-open-access-
site-in-western-calatagan-batangas)
Gabriel A. Hildawa, Lea Mari R. Santos, Badi R. Samaniego, Kent Elson S. Sorgon, and Maria Eleanor
B. Aurellado

Validation of Traditional Species Identification Techniques for Juvenile Mangrove Crabs (Scylla
spp.) (/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2094-validation-of-
traditional-species-identification-techniques-for-juvenile-mangrove-crabs-scylla-spp)
Hilarie P. Orario and Chona Camille Vince Cruz-Abeledo

Web-decorating Sequences by the Spider Argiope luzona (Walckenaer, 1841)
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2110-web-decorating-
sequences-by-the-spider-argiope-luzona-walckenaer-1841)
John B. Scott and Alexander M. Kerr

New Species of Genus Podontia dalman (Coleoptera: Chrysomelidae: Galerucinae: Alticini) in
the Philippines and Redescription of Podontia flava Baly from Sarawak, Malaysia
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2116-new-species-of-the-
genus-podontia-dalman-coleoptera-chrysomelidae-galerucinae-alticini-in-the-philippines-and-
redescription-of-podontia-flava-baly-from-sarawak) [Research Note]
Orlando A. Calcetas and Charles l. Staines
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Temporal Variation and Phylogeny of Air and Surface Microflora in Relation to Occupancy
Patterns in a Higher Education Institution (HEI) (/publication/regular-issues/current-issue/129-
vol-153-no-3-june-2024/2095-temporal-variation-and-phylogeny-of-air-and-surface-microflora-in-
relation-to-occupancy-patterns-in-a-higher-education-institution-hei)
Jess Rafael I. Laxamana, Daniela Mae Kiana T. Reyes, Raphael L. Santos, and Cielo Emar M.
Paraoan

Rediscovery of Pseudapocyrtus schadenbergi Heller, 1912 (Coleoptera: Curculionidae:
Entiminae: Pachyrhynchini) from the Apayao Lowland Forest, Northern Luzon, the Philippines
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2099-rediscovery-of-
pseudapocyrtus-schadenbergi-heller-1912-coleoptera-curculionidae-entiminae-pachyrhynchini-
from-the-apayao-lowland-forest-northern-luzon-the-philippines) [Research Note]
Ma. Susana V. Legaspi, Tristan Luap P. Senarillos, Andrei Von Mariano C. Tirona, Kristian James E.
Suetos, Guiller S. Opiso, Jayson C. Ibañez, Matthew H. van Dam, and Analyn A. Cabras

Biology, Population Parameters, and Ecology of the Sergestid Shrimp Acetes intermedius in
Damilisan, Miagao, Iloilo, the Philippines (/publication/regular-issues/current-issue/129-vol-153-
no-3-june-2024/2098-biology-population-parameters-and-ecology-of-the-sergestid-shrimp-
acetes-intermedius-in-damilisan-miagao-iloilo-the-philippines)
Rother M. Gaudiel, Harold M. Monteclaro, Jerry Ian L. Leonida, Dominique P. Mediodia, and Wilfredo
L. Campos

First Record of Infestation of Amphitrichia flachi (Brenske, 1892) (Coleoptera: Scarabaeidae:
Melolonthinae: Rhizotrogini) on Cacao (Theobroma cacao L.) in the Philippines
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2111-first-record-of-
infestation-of-amphitrichia-flachi-brenske-1892-coleoptera-scarabaeidae-melolonthinae-
rhizotrogini-on-cacao-theobroma-cacao-l-in-the-philippines)
Orlando A. Calcetas, Joel L. Adorada, and Divina Amalin

Medicinal Plants Used for Postpartum Recuperation in an Upland Community in Leon, Iloilo,
the Philippines (/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2102-
medicinal-plants-used-for-postpartum-recuperation-in-an-upland-community-in-leon-iloilo-the-
philippines)
Leovie Ann L. Tiquio, Cecilia S. Cordero, Marie Frances J. Nievales, and Grecebio Jonathan D.
Alejandro

First Record of Alkalinema sp. (Cyanobacteria) Thermophilic Strain in Negros Oriental, the
Philippines (/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2107-first-
record-of-alkalinema-sp-cyanobacteria-thermophilic-strains-in-negros-oriental-philippines)
Vienna Ai Marie V. dela Cerna and Paul John L. Geraldino

Collection Sites of Spiny Lobster (Panulirus spp.) Puerulus in Palawan (/publication/regular-
issues/current-issue/129-vol-153-no-3-june-2024/2112-distribution-and-characteristics-of-spiny-
lobster-panulirus-spp-puerulus-collection-sites-in-palawan-the-philippines)
Niño Jess Mar F. Mecha and Roger G. Dolorosa
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Evaluation of the Anti-MRSA Activity of Supercritical Carbon Dioxide and Macerated Crude
Extracts of Padina spp. Collected from the Coastal Waters of Tacloban City, the Philippines
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2121-evaluation-of-the-
anti-mrsa-activity-of-supercritical-carbon-dioxide-and-macerated-crude-extracts-of-padina-spp-
collected-from-the-coastal-waters-of-tacloban-city-the-philippines) [Research Note]
Rae Martin V. Pedrosa, Normela Patricia F. Burigsay, Renelyn S. Gapultos, Cayel Jurist C. Garong,
John Lloyd B. Mandawe, Loisse Mikaela M. Loterio, Armando T. Quitain, Edna T. Reyes, and Geraldine
B. Dayrit

New Distribution Record and Redescription of Wurfbainia elegans (Ridl.) Škorničk. and
A.D.Poulsen (Zingiberaceae) in Central Mindanao, the Philippines (/publication/regular-
issues/current-issue/129-vol-153-no-3-june-2024/2113-new-distribution-record-and-
redescription-of-wurfbainia-elegans-ridl-skornick-a-d-poulsen-zingiberaceae-in-bukidnon-the-
philippines)
Christian Jay A. Vallejos, Ellen Grace C. Enorme, Charity Dymphna Anne V. Oraiz, Victor B. Amoroso,
Florfe M. Acma, and Noe P. Mendez

Plant Collections of Bogor Botanic Gardens: Potential for Cosmetics (Skincare) and Their
Conservation Status (/publication/regular-issues/current-issue/129-vol-153-no-3-june-
2024/2117-plant-collections-of-bogor-botanical-gardens-potential-for-cosmetics-skincare-and-
their-conservation-status)
Yeyen Novitasari, Lani Hardiany, Iin Pertiwi A. Husaini, and Muhammad Rifqi Hariri

▶ Chemistry

In Silico Evaluation of the Interaction of Marine-derived Bioactive Compounds against Heme-
oxygenase 1 – a Putative Ferroptosis Target (/publication/regular-issues/current-issue/129-vol-
153-no-3-june-2024/2085-in-silico-evaluation-of-the-interaction-of-marine-derived-bioactive-
compounds-against-heme-oxygenase-1-a-putative-ferroptosis-target)
Maria Angela D. San Juan, Jillian Dominique P. Roxas, Al Rey C. Villagracia, and Rafael A. Espiritu

Phytochemical Analysis and Assessment of Antimicrobial, Genotoxic, and Cytotoxic Properties
in Extracts Derived from Alyxia linearis Markgr. (Apocynaceae), a Philippine Endemic Species
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2114-phytochemical-
analysis-and-assessment-of-antimicrobial-genotoxic-and-cytotoxic-properties-in-extracts-
derived-from-alyxia-lineares-markgr-apocynaceae-a-philippine-endemic-species)
Gladys Ann B. Bautista, Rhea C. Garcellano, Mark Kevin P. Devanadera, Oliver B. Villaflores, and
Alicia M. Aguinaldo

Tuning the Hydrothermal Synthesis of FAU-type and ANA-type Zeolites Derived from Philippine
Bentonite (/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2106-tuning-
the-hydrothermal-synthesis-of-fau-type-and-ana-type-zeolites-derived-from-the-philippine-
bentonite)
Hannah Shamina O. Cosiñero and Marlon T. Conato

In Silico and In Vitro Alpha Amylase Activities of Previously Synthesized Pyridazine Derivatives
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2109-in-silico-and-in-
vitro-alpha-amylase-activities-of-previously-synthesized-pyridazine-derivatives)
Mohit Varshney, Ravinesh Mishra, Arif Nur Muhammad Ansori, Supriyo Saha, Ayush Dangwal, and
Vikash Jakhmola
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Effect of Drying Methods on the Phenolic Compounds and Antioxidant Activity of Leaf of
Agarwood (Aquilaria malaccensis Lam.) (/publication/regular-issues/current-issue/129-vol-153-
no-3-june-2024/2125-effect-of-drying-methods-on-the-phenolic-compounds-and-antioxidant-
activity-of-leaf-of-agarwood-aquilaria-malaccensis-lam)
Kimberly M. Delica-Balagot, Hazel Grace M. Halasan, Cherrie Mae J. Martinez, John Jefferson A.
Collera, Kim Wilmer M. Balagot, Edmark C. Kamantigue, Florena B. Samiano, and Rebecca B. Lapuz

▶ Earth and Environmental Sciences

Assessing Solar Radiation Forecasting: a WRF-Solar Model Evaluation in Kupang, Indonesia
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2088-assessing-solar-
radiation-forecasting-a-wrf-solar-model-evaluation-in-kupang-indonesia)
Rista Hernandi Virgianto, Firmansyah, and Hamdan Nurdin

Preliminary Study on Mercury and Lead in the Ambient Air of Metro Manila, the Philippines
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2131-preliminary-study-
on-mercury-and-lead-in-the-ambient-air-of-metro-manila-the-philippines) [Research Note]
Dawn May M. Patilan, Rodolfo A. Romarate II, and Hernando P. Bacosa

Hydrological and Climatological Aspect Evaluation for Salt Farm Development in the Coastal
Area of Gunungkidul Regency, Yogyakarta, Indonesia (/publication/regular-issues/current-
issue/129-vol-153-no-3-june-2024/2115-hydrological-and-climatological-aspect-evaluation-for-
salt-farm-development-in-the-coastal-area-of-gunungkidul-regency-yogyakarta-indonesia)
Ahmad Cahyadi, Muh A. Marfai, Indra A. Riyanto, Maryadi B. Wiyono, Mukhamad N. Malawani,
Mohammad I. Sadali, and Suadi

Valuation of Water Supply as an Ecosystem Service in the Sub-watersheds of the Upper
Pampanga River Basin Using the InVEST Model (/publication/regular-issues/current-issue/129-
vol-153-no-3-june-2024/2122-valuation-of-water-supply-as-an-ecosystem-service-in-the-
subwatersheds-of-the-upper-pampanga-river-basin-using-the-invest-model)
Analyn L. Codilan, Priscila C. Dolom, Leonida A. Bugayong, Noel L. Tolentino, Ma. Cynthia S. Casin,
Judith F. Castillo, Jean C. Nicmic, Jan Joseph V. Dida, Diorella Mari T. Garcia, and Kristel S. Victoria

▶ Agriculture / Forestry

Characterization of N-methyltransferase Genes in Coffea liberica var. liberica
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2100-characterization-of-
n-methyltransferase-genes-in-coffea-liberica-var-liberica)
Miguel V. Mondragon, Terrence Ferdinand S. Nagaño, and Daisy May C. Santos

Philippine Traditional Maize with Resistance to Asian Corn Borer [Ostrinia furnacalis (Guenée)
(Lepidoptera: Crambidae)] Leaf and Stalk Feeding Damage
(/publication/regular-issues/current-issue/129-vol-153-no-3-june-2024/2096-philippine-
traditional-maize-with-resistance-to-asian-corn-borer-ostrinia-furnacalis-guenee-lepidoptera-
crambidae-leaf-and-stalk-feeding-damage)Angelyn Marta D. Marmeto, Merdelyn T. Caasi-Lit,
Bernard B. Panabang, Ayn Kristina M. Beltran, and Artemio M. Salazar
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Effect of Steeping Temperature and Storage 
Period on the Bioactive Compounds plus Antioxidant 

and Antidiabetic Activities of Infusion 
from Powdered Pluchea indica Less 

Paini Sri Widyawati1* and Yufita Ratnasari Wilianto2
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Widya Mandala Surabaya Catholic University, Surabaya 60265 Indonesia 
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This study was done to determine the effects of steeping temperature and storage period on 
the bioactive contents plus antioxidant and antidiabetic activities of Pluchea leaf infusion. The 
research used a randomized block design with two factors, i.e. steeping temperature (T) and 
storage period (B). The Pluchea leaf blades were exposed to four steeping temperatures of 60 
(T1), 70 (T2), 80 (T3), and 95 (T4) °C with the storage period of 0 (B1) and 5 (B2) yr – resulting 
in eight treatment combinations (T1B1, T1B2, T2B1, T2B2, T3B1, T3B2, T4B1, T4B2). Statistical 
analysis using a paired t-test at α ≤ 0.05 showed that treatments significantly affected the bioactive 
contents [total phenol (TPC), total tannin (TTC), and total flavonoid (TFC)], antioxidant 
[DPPH scavenging activity (DPPH) and ferric reducing antioxidant power (FRAP)] potential 
and antidiabetic [α-amylase (AA) and α-glucosidase (GA) inhibition] properties of the Pluchea 
leaf infusion. TPC, TTC, DPPH, and FRAP significantly increased for the storage period and 
the steeping temperatures. Then, TFC decreased during the storage period but significantly 
increased at higher steeping temperatures. The AA and GA of Pluchea leaf infusion increased 
until 70 °C of the steeping temperature but decreased until 95 °C.  The DPPH and FRAP of 
the Pluchea leaf infusion were strongly and positively correlated with TPC and TTC. The GA 
and AA of Pluchea leaf infusion were not influenced by the TPC and TTC but were weakly and 
positively correlated with TFC. The antioxidant activity of the Pluchea leaf infusion was inversely 
proportional to the antidiabetic activity. The simple phenolic compounds derived from Pluchea 
leaf infusion at different steeping temperatures and storage included gallic acid, kaempferol, 
myricetin, (+)-catechin, quercetin, 3,4-di-O-caffeoylquinic acid, 3,5- di-O-caffeoylquinic acid, 
and 4,5-di-O-caffeoylquinic acid.

Keywords: antioxidant, antidiabetic, bioactive compound, Pluchea indica Less, steeping 
temperature, storage period
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INTRODUCTION
Pluchea herbal tea is a product of dried Pluchea leaf 
processing introduced by world people (Srisook et al. 
2012; Widyawati et al. 2016) because of the efficacy of 
the active components in Pluchea leaves, as a herbal plant 
that has been widely used for traditional medicine and 
food (Chan et al. 2022). Pluchea leaves are composed 
of many nutrients and bioactive compounds useful to 
body health. The nutrient compositions in the Pluchea 
leaves include protein, fat, ash, insoluble fiber, soluble 
fiber, carbohydrates, calcium, β-carotene, and vitamin 
C, whereas bioactive compounds are comprised, i.e. 
chlorogenic acid, caffeic acid, 3-O-caffeoylquinic 
acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, 
3,4-di-O-caffeoylquinic acid, 3,5-di-O-caffeoylquinic 
acid, 4,5-di-O-caffeoylquinic acid, quercetin, myricetin, 
kaempferol, total anthocyanin, β-carotene, and total 
carotenoid (Suriyaphan 2014; Vongsak et al. 2018; Ruan 
et al. 2019; Widyawati et al. 2022; Chan et al. 2022). 

The steeping process of Pluchea leaves can be performed 
with fresh or dry leaves in hot or boiling water for a few 
min (Suriyaphan 2014; Silva-Ramirez et al. 2020; Jayani 
et al. 2022). In Asia, especially in Indonesia, people 
usually consume the Pluchea infusion by steeping 2 g of 
powdered Pluchea leaves in a tea bag in 100 mL of hot 
or boiling water. Widyawati et al. (2016) claimed that 
steeping 2 g of Pluchea leaf powder at 95 °C for 5 min 
exhibits total phenolic and flavonoid contents, the ability 
to scavenge DPPH free radicals, and the capability to 
reduce ferric ions at 9.3, 22.0, 27.2, and 10.2 mg gallic 
acid equivalent (GAE)/ g sample, respectively. Werdani 
and Widyawati (2018) reported that drinking Pluchea leaf 
powder infusion in the morning and evening regularly (2 
g/ 100 mL) can decline blood sugar levels. 

The steeping of Pluchea herbal tea with hot water at 95 
°C for 5 min certainly determines the stability and amount 
of extracted bioactive compounds that influence the 
biological activity especially antioxidant and antidiabetic 
activities. Silva-Ramirez et al. (2020) reported that the 
infusion process can influence the content and composition 
of the bioactive compounds and antioxidant activity of tea. 
Acar et al. (2022) stated that the infusion quality of herbal 
tea extract depends on a number of factors, i.e. storage 
and temperature. The polyphenol profile and antioxidant 
properties of herbal tea infusion decline with an increase 
in steeping or brewing and storage temperatures, as well 
as longer exposure periods. 

Several studies have mentioned the effect of steeping 
temperature on the bioactive compound contents and 
antioxidant activity, as some white and green teas are 
effective with hot water at 90 °C for 7 min (Castiglioni 
et al. 2015), on rosehip tea is effective at infusion period 

around 6–8 min at temperatures of 84–86 °C (Ilyasoglu 
and Arpa 2017), on the caffeine content extracted at the 
brewing temperature of coffee (Zarwinda and Sartika 
2018), and the high total phenol content and antioxidant 
activity of dark tea at 92 °C for 27 min (Wang et al. 2022). 
The study of the effect of steeping temperature on Pluchea 
infusion was carried out to afford information about the 
most efficient preparation of powdered Pluchea leaves 
to get higher bioactive compounds, antioxidant, and 
antidiabetic activities. 

Storage period tea usually for several months to years 
Pluchea herbal tea also affects the levels of the bioactive 
compounds and biological activity (Jayani et al. 2022). 
Tea or herbal tea is generally stored at ambient temperature 
and packed in a tea bag or aluminum foil standing pouch 
or a combination of both. Many researchers reported that 
the storage period decreases the bioactive compounds 
plus antioxidant and antidiabetic activities, i.e. juice 
from Momordica charantia L. (Lin et al. 2020), dried 
Piper betle extracts (Ali et al. 2018), white tea (Xu et al. 
2019), Kinnow-Amla beverages (Purewal et al. 2022), 
and whole-wheat flour (Zhang et al. 2021). 

Therefore, this research studied the effect of steeping 
temperature and storage period on the bioactive 
compounds [total phenolic content (TPC), total flavonoid 
content (TFC), and total tannin content (TTC)], antioxidant 
[DPPH free radical scavenging activity (DPPH) and ferric 
reducing antioxidant power (FRAP)], and antidiabetic 
activities [α-amylase (AA) and α-glycosidase (GA) 
inhibition] of the infusion from powdered Pluchea leaves 
and on the phenolic compound profile. 

MATERIALS AND METHODS

Raw Materials and Preparation
The Pluchea leaves were collected from Mangrove areas 
in Wonorejo, Surabaya, East Java, Indonesia. The Pluchea 
plants were included in the Asteraceae family with 
specifications according to the GBIF taxon ID number 
database:3132728 (Ferraris 2023). Pluchea leaves at 
1–6 levels of each branch from the shoot were collected, 
sorted, washed, and dried to get a moisture content of 
around 11.16 ± 0.09% dry basis (Widyawati et al. 2022). 
The dried Pluchea leaves were pulverized to a 45-mesh 
size powder. The Pluchea leaf powder was dried in an 
oven (Binder, Merck KGaA, Darmstadt, Germany) at 
120 °C for 10 min to reduce microbial organisms. Then, 
2 g of the powder was packed into a paper filter infusion 
bag. Packed samples were stored for 0 (unstored) and 5 
(stored) yr in a standing pouch before analysis. 
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In the research, one tea bag of Pluchea herbal tea that was 
stored for 0 (B1) and 5 (B2) yr was steeped with 100-mL 
hot water at various temperatures – including 60 (T1), 70 
(T2), 80 (T3), and 95 (T4) °C for 5 min – with infusion 
method obtaining eight treatment combinations – namely 
T1B1, T1B2, T2B1, T2B2, T3B1, T3B2, T4B1, and 
T4B2. After the temperature of Pluchea infusion similar 
to ambient temperature was analyzed further.

Reagents
The reagents used in the analysis include 2,2-diphenyl-
1-picrylhydrazyl (DPPH), sodium carbonate, gallic acid, 
α-amylase, α-glucosidase, p-nitrophenyl-α-glucopyranoside 
(pNPG), (+)-catechin, kaempferol, myricetin, quercetin, 
3,4-di-O-caffeoylquinic acid, 4,5-di-O-caffeoylquinic 
acid, 3,5-di-O-caffeoylqiunic acid, and (+)-catechin 
were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Methanol, Folin-Ciocalteu’s phenol, sodium nitric, 
aluminum chloride, ferric chloride, sodium dihydrogen 
phosphate, sodium phosphate, potassium ferricyanide, 
starch, acetic acid, and sodium hydroxide were purchased 
from Merck (Kenilworth, NJ, USA). All reagents used were 
of analytical grade except for distillated water which was 
purchased from PT Aqua Industry Surabaya.

Analysis of the Bioactive Compounds
Total phenolic content (TPC) analysis. The TPC 
of treated Pluchea infusion was carried out using the 
technique by Gao et al. (2019). About 10 µL Pluchea 
infusion and 1 mL Folin-Ciocalteu’s phenol reagent 10% 
were mixed in 10-mL volumetric flash and incubated 
for 5 min. Then, 2 mL Na2CO3 7.5% was added and 
filled up to 10 mL volume with distilled water. The 
blue color intensity of the solution was measured in the 
spectrophotometer UV-Vis 1800 (Shimadzu, Japan) at 
λ = 760 nm, with gallic acid as the reference standard. 
The TPC was calculated using the following formula: y 
= 0.00009x + 0.008, with R2 = 0.9941. The results were 
expressed as mg GAE/g samples.

Total flavonoid content (TFC) assay. The TFC of the 
samples was measured based on the reaction between 
AlCl3 and NaNO2 with the aromatic ring of flavonoid 
compounds, especially flavonol and flavon (Shraim et 
al. 2021). The reaction between AlCl3 and flavonoid 
compounds resulted in a yellow solution. About 30-µL 
Pluchea infusion was mixed with 0.3 mL NaNO2 5% 
in 10-mL volumetric flash and incubated for 5 min. The 
mixture was added with 0.3 mL AlCl3 10% for 5 min. 
Then, 2-mL NaOH 1 M and distilled water were added 
to a 10-mL volume. Then, the red solution was produced 
after NaOH solution addition that was measured by a 
spectrophotometer (Spectrophotometer UV-Vis 1800, 
Shimadzu, Japan) at λ = 510 nm, with (+)-catechin as 

the reference standard compound, and the results were 
expressed as mg catechin equivalents (CE)/ g samples 
using the following formula: y = 0.00008x – 0.0023, with 
R2= 0.9980.

Total tannin content (TTC) analysis. The TTC of the 
samples was analyzed using the Folin-Ciocalteu method 
(Chandran and Indira 2016). Approximately 10-µL 
Pluchea infusion was added with 1-mL Folin-Ciocalteu’s 
phenol reagent 10% in 10-mL volumetric flash and 
incubated for 5 min. Then, the mixture was added with 
2-mL Na2CO3 7.5% and filled up to 10-mL volume with 
distilled water. The blue dark color solution was measured 
in UV-Vis spectrophotometer 1800 (Shimadzu, Japan) at 
λ = 760 nm, with tannic acid as the reference standard. 
Calculation of TTC was expressed as mg tannic acid 
equivalents (TAE)/ g samples using the following formula: 
y = 0.00009x + 0.0021, with R2 = 0.9993

Analysis of the Antioxidant Potential
DPPH free radical scavenging activity assay. The DPPH 
free radical scavenging activity (DPPH) was measured by 
the spectrophotometric method (Widyawati et al. 2017) to 
determine the ability of the phytochemicals in the Pluchea 
leaf infusion to donate hydrogen atoms to the nitrogen 
atom in DPPH, resulting in the formation of DPPH-H 
compound exhibiting a yellow-colored solution. About 
25 µL Pluchea leaf infusion was poured into the reaction 
tube, into which 3-mL DPPH solution (4 mg/ 100 mL) 
was added. After incubation for 15 min in a dark room, 
the absorbance was measured by a spectrophotometer 
(Spectrophotometer UV-Vis 1800, Shimadzu, Japan) at . 
= 517 nm. The reference standard compound was gallic 
acid, and the results of the analysis were expressed as mg 
GAE/g samples calculated using the following formula: 
y = 0.146x + 1.7896, with R2 = 0.9975.

Ferric-reducing power (FRAP) analysis. FRAP was 
determined following the method used by Widyawati et 
al. (2014) method. Approximately 10 µL of samples were 
added to 2.5 mL phosphate buffer pH 6.6 and 2.5 mL of 
1% potassium ferricyanide in the reaction tube. Then, the 
mixture was shaken and incubated for 20 min at 50 °C. 
Finally, 2.5 mL chloroacetic acid 10% (w/v) was added. 
Into the 2.5-mL supernatant, 2.5 mL distilled water and 0.5 
mL ferric chloride 0.1% w/v were added, and the mixture 
was incubated for 10 min. The potency of the samples 
reducing iron (III) to iron (II) ion was indicated by the 
intensity of blue color formed that was measured using 
UV-Vis spectrophotometer (Spectrophotometer UV-Vis 
1800, Shimadzu, Japan) at λ = 700 nm. The intensity of 
the blue color indicated a higher reducing capacity. The 
reducing power, expressed as mg GAE/g samples, was 
calculated using the following formula: y = 0.0002x + 
0.0256, with R2 = 0.9906.
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Analysis of the Antidiabetic Properties
α-amylase enzyme inhibition (AA) capacity assay. In 
vitro AA followed the procedure, as described by Widyawati 
et al. (2020). Each 500 µL of the samples was mixed with 
starch 1% (w/v) and sodium acetate buffer pH 5. Into 250 
µL of the mixture, an α-amylase solution (0.1 g of this 
enzyme 12.5 unit/mL) was added and then dissolved in 
50 mL of 0.2 M sodium acetate pH 5. The mixture was 
shaken, into which 2-mL sodium hydroxide 1M was added. 
Before the analysis, this mixture was incubated at 37 °C 
for 10 min. Then, the capacity of the α-amylase enzyme to 
hydrolyze the starch to release glucose was measured by 
UV-Vis spectrophotometer (Spectrophotometer UV-Vis 
1800, Shimadzu, Japan) at λ = 540 nm. The inhibition 
percentage of α-amylase was assessed using the formula 
(ACb − ACa) − (As − Ab) (ACb − ACa) x 100% – where 
ACb is the absorbance of 100% enzyme activity (solvent 
with the enzyme), ACa is the absorbance of 0 % enzyme 
activity (solvent without the enzyme), As is the absorbance 
of the test sample with enzyme, and Ab is the absorbance 
of test sample without enzyme.

α-glucosidase enzyme inhibition (GA) capacity assay. 
The analysis of the α-glycosidase inhibitor activity 
(GA) was done using the method of Widyawati et al. 
(2020) with slight modifications. About 150-µL samples 
containing 100-µL Pluchea infusion and 50 µL pNPG 
(0.0150 g in 100-mL sodium phosphate 0.2 M at pH 7) 
were reacted with 50-µL α-glycosidase 2 mM (0.0833 
unit/mL); then, the mixture was incubated at 37 °C for 
15 min. The reaction was stopped with the addition of 
1000-µL sodium carbonate 0.2 M. The amount of these 
enzymes that did not react with bioactive compounds of 
Pluchea infusion hydrolyzed pNPG as a substrate to result 
in p-nitrophenol. The inhibition activity of the Pluchea 
infusion was measured by UV-Vis spectrophotometer 
(Spectrophotometer UV-Vis-1800, Shimadzu, Japan) at 
λ = 405 nm. The inhibition percentage of α-glycosidase 
was calculated using the formula (ACb − ACa) − (As − 
Ab) (ACb − ACa) x 100% – where ACb is the absorbance 
of 100% enzyme activity (solvent with enzyme), ACa is 
the absorbance of 0% enzyme activity (solvent without 
enzyme), As is the absorbance of test sample with enzyme, 
and Ab is the absorbance of test sample without enzyme.

Analysis of Phenolics
The phenolic compounds of the samples were analyzed 
using high-performance liquid chromatography (HPLC) 
based on the method of Kongkiatpaiboona et al. (2018) 
with modifications. Each Pluchea infusion was sonicated 
for 15 min (Branson 1510); then, the sample was filtered 
using a filter syringe (Whatmann, 0.2 µm, NYL). About 
20 µL of the sample was injected in an HPLC (LC20AD 
series, Shimadzu, Japan) equipped with a Shimadzu 
HPLC Prominence UFLC LC-20AD pump, CTO-30A 

column oven, CBM-20A/20 Alite system controller, 
and SPD-20A/20 AV UV-Vis detector. Separation of 
phenolic compounds in samples was carried out using 
a Shim-pack VP-ODS C18 column (ID 5 µm × 50 mm 
x 4.6 mm) with a GVP-ODS Cartridge guard column 
(two pieces) (ID 10 mm x 4.6 mm). The mobile phase 
used consisted of a solution of [A] 0.5% acetic acid in 
water and [B] absolute methanol. Analysis was carried 
out using a gradient system in the following order: initial 
conditions of 10% B in A to 50% B in A were maintained 
for 40 min; then, 100% B was maintained for 20 min. 
Next, the column was re-equilibrated with 10% B in A 
and maintained for 10 min before analysis of the next 
sample. The sample flow rate was set at 1.0 mL/min with 
a controlled temperature of 40 °C. Detection was used at a 
wavelength of 280 nm. The reference standard used were 
gallic acid, (+)-catechin, myricetin, quercetin, kaempferol, 
3,5-dicaffeoylquinic acid, 3,4-dicaffeoylquinic acid, and 
4,5-dicaffeoylquinic acid. All of the reference standard 
was dissolved in distilled water and prepared similarly to 
the samples before being injected in HPLC.

Experiment design and statistical analysis. The 
research design used a randomized block design with 
two factors, i.e. the steeping temperature (T) and the 
storage period. Pluchea leaf blades were subjected to 4 
steeping temperatures, namely 60 °C (T1), 70 °C (T2), 
80 °C (T3), and 95 °C (T4), and the storage period of 0 
year /unstored (B1), and 5 year /stored (B2) resulting in 
8 treatment combinations (T1B1, T1B2, T2B1, T2B2, 
T3B1, T3B2, T4B1, T4B2). The HPLC analysis of 
phenolic was repeated for six periods. The data analysis 
of samples was repeated for six periods. The data were 
analyzed using a paired t-test at α ≤ 0.05, treatment means 
of specific phenolic compounds that were identified were 
expressed as the mean ± SD. The analysis used SPSS 23.0 
software (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSIONS

Bioactive Compounds
Phenolic compounds. Bioactive compounds are active 
compounds in plants that are essential to protect body 
health (Nguyen and Chuyen 2020). These compounds 
usually have many biological activities, such as 
antioxidant, antidiabetic, anti-inflammatory, anticancer, 
antimicrobial, antibacterial, anti-cholesterol, and so on 
(Suriyaphan 2014; Acar et al. 2022). Phenolic compounds 
have potential redox properties that can scavenge free 
radicals that can cause a number of chronic diseases 
(Noreen et al. 2017; Aryal et al. 2019; Acar et al. 2022). 
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Figure 1. Bioactive compound contents of Pluchea infusion at different steeping temperatures and storage periods: [a] total phenolic content, 
[b] total flavonoid content, and [c] total tannin content. Data analysis using ANOVA at α ≤ 0.05 continued analysis using a paired 
t-test at α ≤ 0.05. Data were expressed as mean ± standard deviation (n = 6). Samples: T1B1-steeped at 60 °C, unstored; T1B2-
steeped at 70 °C, unstored; T1B3-steeped at 80 °C, unstored; T1B4-steeped at 95 °C, unstored; T2B1-steeped at 60 °C, stored 
for 5 yr; T3B2-steeped at 70 °C, stored for 5 yr; T3B3-steeped at 80 °C, stored for 5 yr; T3B4-steeped at 95 °C, stored for 5 yr. 

The TPC of Pluchea infusion at different steeping 
temperatures and storage periods generally significantly 
increased with increasing steeping temperature and storage 
period based on paired t-test at α ≤ 0.05 (Figure 1a). Steeped 
and stored infusion had significantly higher amounts of 
phenolic compounds than the samples that were steeped and 
unstored. Further, the highest TPC was observed in samples 
infused at 95 °C and stored for 5 yr (at 71.38 ± 4.14 mg 
GAE/g sample), whereas the lowest was measured in the 
unstored samples and infused at 60 °C (at 4.39 ± 0.49 mg 
GAE/g sample). The phenolic content of stored samples 
that were steeped only at 60 and 95 °C showed a significant 
increase in their phenolic content. This implies that the 
steeping temperature and the storage periods significantly 
resulted in the high amounts of phenolic compounds in the 
infusions. Results also indicated that phenolic compounds 
were generally greater in the infusion at high steeping 
temperatures and long storage periods. This could have been 
due to the fact that the steeping temperature and storage 
period could cause the process of degradation, oxidation, 
and leaching or release of phenolic compounds. Phenolic 
compounds are water-soluble and, thus, soaking in hot water 
for a certain period, as steeping causes the migration process 
of more phenolic compounds to the water because of longer 
exposure of phenolic compounds to water (Castiglioni et al. 
2015; Kilic et al. 2017; Acar et al. 2022). Su et al. (2019) 
reported that temperature treatment can stimulate the release 
of phenolic compounds and increase the antioxidant activity 
of lychee juice stored at different temperatures of 4 and 45 
°C and different long storage (fresh and 72 h). 

Temperature treatment degrades (or hydrolyzes) the 
hydrogen bond between phenolic compounds and 
proteins, resulting in an increase of phenolic compounds 

when exposed to higher temperatures (Ali et al. 2018; 
Jayani et al. 2022; Ramphinwa et al. 2023). Zhang et 
al. (2021) reported that phenolic compounds present in 
plants are not completely stable but are easily degraded 
during storage after harvest. Reblova (2012) claimed 
that antioxidant compounds can be slowly degraded with 
increasing temperature. Fibrianto et al. (2021) also stated 
that the brewing temperature has an effect on the extracted 
antioxidant compounds such as alkaloids, catechins, and 
tannins. Thus, there is an assumption that temperature 
and storage caused the degradation, oxidation, and 
hydrolysis of the phenolic compounds period, resulting 
in the increased amount of the phenolic compounds at 
higher steeping temperatures and longer storage periods. 

Simple phenolic compounds are identified in steeped 
and stored. Pluchea leaf infusion included gallic acids, 
(+)-catechins, myricetins, quercetins, kaempferols, 
3,4-di-O-caffeoylquinic acids, 3,5-di-O-caffeoylquinic 
acids, and 4,5-di-O-caffeoylquinic acids is shown in 
Table 1. The treatment effects using the t-test at α ≤ 0.05 
showed that gallic acid and kaempferol content were 
insignificantly different at various steeping temperatures 
and storage periods. The concentration of quercetin and 
3,5-di-O-caffeoylquinic acid of the unstored and stored 
Pluchea infusion was significantly different from the 
rest of the samples between 70 °C, whereas (+)-catechin 
concentration of Pluchea infusion was only significantly 
different at 95 °C.  The myricetin content was significantly 
different at 80 and 95 °C.  The 3,4-di-O-caffeoylquinic 
acid content showed significant difference at 60, 80, and 
95 °C, whereas 4,5-di-O-caffeoylquinic acid content was 
only significantly different at 60 °C.
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Results further showed that gallic acids and kaempferol 
were relatively stable, as reflected by the insignificant 
changes when exposed to the different steeping 
temperatures and storage periods. Myricetin, (+)-catechin, 
and 3,4-di-O-caffeoylquinic acid showed a drastic increase 

at higher steeping temperatures and longer storage 
periods, implying that these compounds tended to be 
relatively labile. Quercetin, 3,5-di-O-cafffeoylquinic acid, 
and 4,5-di-O-caffeoylquinic acid underwent moderate 
changes. Therefore, myricetin, (+)-catechin, and 3,4-di-

Table 1. Simple phenolic compound profile of Pluchea Infusion at different steeping temperatures and storage periods.

Phenolic compounds Steeping 
temperature (oC)

Mean ± SD
(unstored)

Mean ± SD 
(stored) Mean difference ±SD Sig. (two-tailed)

Gallic acid (µg/g samples) 60 0.2132 ± 0.0027 0.2364 ± 0.0015 0.0375 ± 0.0175 0.2030

70 0.2157 ± 0.0013 0.2324 ± 0.0214 0.0167 ± 0.0227 0.4870

80 0.2234 ± 0.0122 0.2347 ± 0.0078 0.0386 ± 0.0264 0.2870

 95 0.2316 ± 0.0104 0.2402 ± 0.0169 0.0086 ± 0.1990 0.8500

(+)-Catechin (µg/g samples) 60 0.3425 ± 0.0110 0.5085 ± 0.0111 –0.1576 ± 0.0885 0.241

70 0.3260 ± 0.0265 0.5448 ± 0.0006 –0.2188 ± 0.0259 0.053

80 0.3240 ± 0.0222 0.5023 ± 0.0773 –0.1451 ± 0.0248 0.077

 95 0.4039 ± 0.0320 0.5995 ± 0.0372 –0.2049 ± 0.0020 0.004*

Myricetin (µg/g samples) 60 0.1756 ± 0.1234 1.4762 ± 0.0271 –1.2887 ± 0.3222 0.111

70 0.2587 ± 0.0160 1.4245 ± 0.2526 –1.1657 ± 0.2695 0.103

80 0.4175 ± 0.0104 1.4570 ± 0.0925 –1.0391 ± 0.0841 0.036*

 95 0.8786 ± 0.0434 2.6138 ± 0.0695 –1.1735 ± 0.1702 0.044*

Quercetin (µg/g samples) 60 0.0220 ± 0.0268 0.6220 ± 0.0706 –0.5999 ± 0.9733 0.544

70 0.1530 ± 0.0511 1.0708 ± 0.0289 –0.9177 ± 0.0222 0.011*

80 0.3666 ± 0.0103 0.8629 ± 0.0815 –0.1082 ± 0.4462 0.790

 95 0.6559 ± 0.0570 2.0230 ± 0.0573 –1.4123 ± 0.3203 0.101

Kaempferol (µg/g samples) 60 0.1394 ± 0.0202 0.3675 ± 0.0183 –0.3207 ± 0.1122 0.154

70 0.0514 ± 0.0037 0.3726 ± 0.0944 0.3213 ± 0.0907 0.125

80 0.3699 ± 0.0924 0.7966 ± 0.0366 –0.4267 ± 0.2727 0.271

 95 0.5913 ± 0.0239 0.9478 ± 0.0287 –0.3565 ± 0.5256 0.513

3,4-di-O-Caffeoylquinic acid 
(µg/g samples) 60 0.6103 ± 0.0628 2.4863 ± 0.0270 –1.8760 ± 0.2074 0.050*

70 0.6271 ± 0.0099 2.3403 ± 0.0325 –1.7131 ± 0.3152 0.082

80 0.7967 ± 
0.03060 2.6278 ± 0.0211 –1.8311 ± 0.0095 0.002*

 95 1.5386 ± 0.0668 4.0211 ± 0.0851 –2.4825 ± 0.1839 0.033*

3,5-di-O-Caffeoylquinic acid 
(µg/g samples) 60 0.6635 ± 0.0628 0.9449 ± 0.0501 –0.2814 ± 0.4458 0.536

70 0.6162 ± 0.0099 0.9485 ± 0.0794 –0.3323 ± 0.0301 0.041*

80 0.6601 ± 0.0306 0.9099 ± 0.0387 –0.2498 ± 0.3127 0.461

 95 0.6642 ± 0.0668 1.3156 ± 0.0166 –0.6514 ± 0.2666 0.179

4,5-di-O-Caffeoylquinic acid 
(µg/g samples) 60 0.4906 ± 0.0060 1.1842 ± 0.0120 –0.6886 ± 0.2723 0.018*

70 0.4807 ± 0.0034 1.0089 ± 0.0736 –0.5281 ± 0.0702 0.060

80 0.5299 ± 0.0053 1.2382 ± 0.1435 –0.7082 ± 0.1489 0.094

 95 1.0018 ± 0.0526 1.3797 ± 0.2170 –0.3086 ± 0.3086 0.333

Data analysis using ANOVA at α ≤ 0.05 continued analysis using a paired t-test at α ≤ 0.05. Data were expressed as mean ± standard deviation (n = 6). Samples: T1B1-
steeped at 60 °C, unstored; T1B2-steeped at 70 °C, unstored; T1B3-steeped at 80 °C, unstored; T1B4-steeped at 95 °C, unstored; T2B1-steeped at 60 °C, stored for 5 yr; 
T3B2-steeped at 70 °C, stored for 5 yr; T3B3-steeped at 80 °C, stored for 5 yr; T3B4-steeped at 95 °C, stored for 5 yr.
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O-caffeoylquinic acid were easier to dissolve or degrade 
to form simple phenolic acids at higher temperatures and 
storage period (Su et al. 2019; Ali et al. 2018; Jayani et 
al. 2022; Ramphinwa et al. 2023; Zhang et al. (2021). 
Degradable polyphenol compounds have a simple 
structure and free hydroxyl groups that can react with 
Folin-Ciocalteu’s phenol reagent, resulting in a complex 
blue solution that can detected as TPC.

Flavonoid content (TFC). Flavonoids are the major 
phenolic compounds that have potential chemical and 
biological activities such as radical scavenging and 
antimicrobial activities (Ayele et al. 2022; Chandra et al. 
2014) that can protect the human body from the oxidative 
stress caused by many degenerative diseases – especially 
cancer, cardiovascular problems, and aging (Mathur and 
Vijayvergia 2017). The TFC of steeped Pluchea infusion 
decreased with a longer storage period. Unstored samples 
exhibited higher flavonoid content than the stored samples. 
The statistical analysis using a paired t-test at α ≤ 0.05 
showed that the TFC of Pluchea infusion was significantly 
different between the steeped unstored and steeped stored 
samples (Figure 1b). The highest TFC was exhibited by 
the unstored samples steeped at 95 °C at about 147.42 ± 
14.03 mg CE/g sample. The TFC was significantly lower 
in the stored samples than those of the unstored samples, 
implying that the increase in the flavonoid content of the 
infusion was affected primarily by the steeping temperature.

Tannin content (TTC). Tannins are bioactive compounds 
that provide properties, such as astringent, anti-diarrheal, 
antibacterial, and antioxidant (Malangngi et al. 2012). 
Generally, results indicated that the TTC of Pluchea 
infusion significantly increased with increasing steeping 
temperature and storage period (Figure 1c). Among 
the unstored steeped samples, the tannin content was 
significantly lowest in the samples infused at 60 °C at 
about 4.81 ± 0.58 to 17.42 ± 1.04 mg TAE/g samples, 
which was significantly different lower from that of the 
lowest tannin content of the stored samples. Among the 
stored and steeped samples, the highest tannin content was 
observed at samples steeped at 95 °C about 17.42 ± 1.04 
mg TAE/g samples and was significantly different from 
that of the highest tannin content of the unstored steeped 
samples at 95 °C about 9.22 ± 1.48 mg TAE/g samples. 
Indicating that the tannin content was primarily affected 
by a longer storage period than high steeping temperature. 
The condensation of catechins to tannins is a dominant 
process occurring in tea leaves that is accelerated during 
the maceration of raw tea leaves (Kowalska et al. 2021) 
and could have contributed to the observed increase in 
the tannin content in the treated samples. 

Nonetheless, high temperatures and long storage periods 
can cause the degradation of tannins to catechins. 
Rusita et al. (2019) emphasized that tannins are polar 

thermostable complex compounds that are resistant to 
heating, indicating that even with the exposure to high 
temperature, the tannins still remained high in the treated 
samples period.

Antioxidant activity. Antioxidant activity is the capability 
of compounds to inhibit the oxidation of macromolecules 
from biological targets that are involved in oxidative 
chain reactions (Ali et al. 2005; Oh et al. 2013). The 
antioxidant activity assay was done in this research using 
DPPH and FRAP methods. The phenolic compounds 
are active antioxidants with antioxidant capability that 
depends on their redox properties. The structure of 
phenolic compounds determines the effectivity to donate 
hydrogen atoms, which is negatively correlated with the 
O-H phenolic bond strength. The antioxidant power of 
phenolic compounds is due to the weak hydrogen bonds 
in the OH group of the phenolic compound, so that it 
is easier to donate hydrogen atoms (Kruk et al. 2022). 
The mechanism of phenolic compounds as antioxidants 
depends on their ability to donate hydrogen atoms and 
transfer electrons, as well as reducing agents and singlet 
oxygen quenchers (Ali et al. 2005; Huang et al. 2005).

DPPH free radical scavenging activity (DPPH). DPPH 
is a free radical that is often used to evaluate antioxidant 
activity because this method is simple and is suitable for 
measuring the donating hydrogen atoms capability of 
herbal infusion. This reaction can cause the purple color of 
DPPH to change to a yellow color (Munteanu and Apetrei 
2021; Baliyan et al. 2022). Figure 2a shows that the free 
radical scavenging properties of the stored and steeped 
samples were significantly higher than the unstored 
steeped samples. It can also be observed that the free 
radical scavenging property was significantly different 
among the stored and steeped samples but insignificant 
among the unstored and steeped sample period. Pluchea 
infusion stored at room temperature for 5 yr resulted in 
high free radical scavenging activity by more than 10%. 
Steeping at higher temperatures significantly increased the 
DPPH free radical scavenging activity in stored Pluchea 
infusion by around 15–25%. This implies that the higher 
free radical scavenging property was primarily affected by 
the storage period than the steeping temperature. During 
the storage process, it is possible to form complex phenolic 
compounds that provide a high ability to scavenge free 
radicals (Thanajiruschaya et al. 2010).

 The scavenging activity of the samples was strongly 
and positively correlated with total phenolic and tannin 
contents but inversely with total flavonoid levels (Table 
2). The antioxidant activity was strongly and negatively 
correlated with flavonoid content. The storage period could 
be reduced flavonoid content. The study also demonstrated 
that longer storage period and higher infusion temperatures 
produced many simple phenolic compounds with free 
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hydroxyl groups capable to donate hydrogen atoms to 
DPPH free radicals. Many phenolic acids such as gallic 
acids, (+)-catechins, myricetins, kaempferols, quercetins, 
3,5-di-O-caffeoylquinic acids, 3,4-di-O-caffeoylquinic 
acids, and 4,5-di-O-caffeoylquinic acids have established 
potential antioxidant activity (Kumar and Goel 2019) 
(Table 1). Kruk et al. (2022) informed that the capability of 
phenolic compounds to donate hydrogen atom depends on 
the chemical structure, number, and position of hydroxyl 
groups attached to a benzene ring, a double bond between 
C2 and C3 rings, and a carbonyl group (C=O) on the C 
ring at C4. The effectivity of antioxidant compounds 
to donate hydrogen atoms is determined by O-H bond 
dissociation energy. 

The free radical scavenging property observed in the 

study was not consistent with the results of the study by 
Moraes–de Souza et al. (2008). The research shows that 
the TPC of herbal infusion is lowly correlated with free 
radical scavenging activity. However, Dobrinas et al. 
(2021) informed that TPC is positively and significantly 
correlated with the free radical scavenging property of 
tea infusion.

Ferric reducing antioxidant power (FRAP). FRAP is 
an analysis of the antioxidant power of the phytochemical 
compounds that is based on the ability of antioxidant 
compounds to reduce iron ions of potassium ferricyanide 
(Fe3+) to potassium ferrocyanide (Fe2+). Potassium 
ferrocyanide reacts with ferric chloride to form a 
ferric-ferrous complex and results green color solution 
(Widyawati et al. 2017; Raharjo and Haryoto 2019).

Figure 2. Antioxidant activity of Pluchea tea at different steeping temperatures and storage periods: [a] DPPH; [b] 
FRAP. Data analysis using ANOVA at α ≤ 0.05 continued analysis using a paired t-test at α ≤ 0.05. Data 
were expressed as mean ± standard deviation (n = 6). Samples : T1B1-steeped at 60 °C, unstored; T1B2-
steeped at 70 °C, unstored; T1B3-steeped at 80 °C, unstored; T1B4-steeped at 95 °C, unstored; T2B1-steeped 
at 60 °C, stored for 5 yr; T3B2-steeped at 70 °C, stored for 5 yr; T3B3-steeped at 80 °C, stored for 5 yr; 
T3B4-steeped at 95 °C, stored for 5 yr.

 Table 2. Pearson correlation coefficients between bioactive contents (TPC, TFC, and TAC), antioxidant activity (DPPH and 
FRAP), and antidiabetic activity (AA and GA).

 TPC TFC TTC DPPH FRAP α-glucosidase α-amylase

TPC 1

TFC –0.93589 1

TTC 0.960028 –0.81321 1

DPPH 0.992776 –0.93992 0.942273 1

FRAP 0.953366 –0.82636 0.947778 0.956242 1

α-glucosidase –0.55512 0.349873 –0.71534 –0.5272 –0.55947 1

α-amylase –0.70842 0.429393 –0.8569 –0.69579 –0.80548 0.725161631 1

Significant at the 0.05 level (two-tailed)
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The results showed that the FRAP increased at higher 
steeping temperatures and longer storage periods. The 
lowest FRAP was observed in the unstored samples, which 
were steeped at 60 °C at 3.95 ± 0.17 mg GAE/g samples, 
and the highest was exhibited in Pluchea infusion which 
was stored for 5 yr at 95 °C at 48.63 ± 10.83 mg GAE/g 
samples (Figure 2b). FRAP increased significantly as the 
steeping temperature was increased. FRAP of the samples 
stored for 5 yr was also significantly higher than the 
unstored samples at α ≤ 0.05.

This is in contrast with the study on the antioxidant activity 
of DPPH and FRAP of matcha. The longer storage period 
reduces the levels of catechin content due to the catechins 
such as epigallocatechin gallate, epicatechin gallate, 
epigallocatechin, and epicatechin, which are bioactive 
compounds that have high antioxidant activity (Kim et 
al. 2020). The ferric-reducing capability of Pluchea could 
have been due to the presence of simple phenolic acid that 
can transfer electrons from their free hydroxyl groups of 
samples. The FRAP of Pluchea infusion was strongly and 
positively significantly correlated with the DPPH, TPC, 
and TTC but inversely to TFC.

Antidiabetic Activity
α-amylase enzyme inhibition activity (AA). Antidiabetic 
activity is a measure of the potency of phenolic compounds 
to regulate the uptake of glucose by the cells from the 

blood through the mediation of two digestive enzymes, 
i.e. α-amylase and α-glucosidase, which are involved in 
the control of dietary carbohydrate digestion and release 
in the postprandial blood glucose in human body (Fu et 
al. 2017). The phenolic compounds have the capability 
to bind with the protein component of α-amylase and 
α-glucosidase enzymes (Martinez-Solis et al. 2022), 
resulting in the reduced activity of the enzymes. The 
results showed that lower steeping Pluchea leaf infusion 
was able to inhibit the action of the α-amylase enzymes 
(Figure 3a). The Pluchea infusion exhibited a good AA 
of more than 50% and even almost 100% in unstored 
Pluchea infusion steeped at 60, 70, and 80 °C, with the 
highest at 60 °C and in stored Pluchea leaf infusion, which 
was steeped at 60 °C.  The stored Pluchea leaf infusion 
steeped at 70, 80, and 95 °C for 5 min had lower enzyme 
inhibition activity of less than 50%, with the lowest at 
95 °C around 13%. Widyawati et al. (2017) found that 
the ability to inhibit the α-amylase enzyme in unstored 
Pluchea infusion steeped at 95 °C for 5 min was also 
low at 28.79%. Increasing the steeping temperature and 
storage period reduced the ability of the phytochemicals 
in the Pluchea infusion to inhibit the α-amylase enzyme 
activity period. Table 2 further shows that the AA of 
Pluchea infusion was strongly and negatively significantly 
correlated with TPC, TTC, DPPH, and FRAP, but it was 
weakly and positively significantly correlated with TFC. 

Figure 3. Antidiabetic activity of pluchea tea at different steeping temperatures and storage periods: [a] α-amylase; 
[b] α-glucosidase. Data analysis using ANOVA at α ≤ 0.05 continued analysis using a paired t-test at α ≤ 
0.05. Data were expressed as mean ± standard deviation (n = 6). Samples: T1B1-steeped at 60 °C, unstored; 
T1B2-steeped at 70 °C, unstored; T1B3-steeped at 80 °C, unstored; T1B4-steeped at 95 °C, unstored; 
T2B1-steeped at 60 °C, stored for 5 yr; T3B2-steeped at 70 °C, stored for 5 yr; T3B3-steeped at 80 °C, 
stored for 5 yr; T3B4-steeped at 95 °C, stored for 5 yr. 
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This inhibitory activity was thought to be contributed by 
other bioactive compounds besides phenolics, which are 
sensitive to steeping temperature and storage period. Li et 
al. (2018) stated that there are flavonoid compounds that 
contribute to the ability to inhibit the α-amylase enzyme. 
Akah et al. (2011) reported that phytochemical compounds 
such as terpenoids, saponins, flavonoids, glycosides/
carbohydrates, and alkaloids are good antidiabetic 
metabolites or α-amylase enzyme activity inhibitors. 
Sangeetha and Vedasree (2012) explained that the ability 
of Threspesia populnea extract to inhibit the α-amylase 
enzyme was determined by their phenolic compound content 
and protein. Moreover, the presence of the α-amylase 
enzyme inhibitor in this extract may be proteinaceous or 
nonproteinaceous in nature. It was assumed that this enzyme 
inhibitory activity in Pluchea infusion also was determined 
by their protein and polyphenolic content. Aleixandre et 
al. (2022) also stated that phenolic acids have inhibition 
activity to α-amylase enzyme depending on their structures. 
There are C=C double bonds conjugated with a carbonyl 
group of phenolic structures that stabilize the binding 
forces to the active site of the α-amylase. The hydroxyl 
groups can bind by non-covalent interaction (hydrogen 
bonding, cation-π interactions, salt bridge interactions, 
ionic interactions, or electrostatic forces) with amino acid 
residue at the active site in the α-amylase enzyme. Elevated 
steeping temperatures and longer storage periods can easily 
cause the removal of the hydroxyl groups of phenolic 
compounds, which can reduce their ability to enzyme 
inhibition. The phenolic acids with a greater number of 
hydroxyl groups exhibits stronger capability to obstruct 
the α-amylase enzyme.

α-glucosidase enzyme inhibition activity (GA). 
α-glucosidase is an important enzyme in carbohydrate 
digestion, that catalysis the hydrolysis of 1,4-α-bonds of 
the unabsorbed oligo- and disaccharides, and converts 
them into monosaccharides (glucose), thereby resulting 
in hyperglycemia (Nurcholis et al. 2014; Proenca et al. 
2017). The ability of bioactive compounds to inhibit the 
α-glucosidase enzyme is used to determine their antidiabetic 
activity. This is supported by Werdani and Widyawati 
(2018) stated that Pluchea infusion has the potential as an 
antidiabetic agent. Widyawati et al. (2020) found that the 
steeping of unstored Pluchea infusion at 95 °C for 5 min has 
an inhibitory effect on the α-glucosidase enzyme of 67.857%.

Figure 3b shows that the ability of the Pluchea leaf 
infusion to inhibit the α-glucosidase enzyme decreased 
with increasing steeping temperature and storage period. 
Steeping at 95 °C of the unstored Pluchea leaf infusion 
obtained the lowest inhibitory ability, i.e. 48.32 ± 1.27%, 
and the highest inhibitory activity was at 70 °C at 95.11 
± 0.70%. The results of a paired t-test showed that GA 
of Pluchea infusion was significantly different between 

steeping temperature and long storage. Figure 3 further 
shows that the ability of Pluchea leaf infusion to inhibit the 
α-glucosidase enzyme tended to be higher than the ability 
to inhibit the α-amylase enzyme. Data analysis in Table 
2 showed that the TFC of the Pluchea leaf infusion was 
influenced weakly and positively by GA and AA, but the 
GA and AA were not affected by TPC, TTC, DPPH, and 
FRAP. Li et al. (2018) stated that flavonoid compounds 
can inhibit the action of the α-amylase and α-glucosidase 
enzymes. Dias et al. (2021) stated that flavonoid 
compounds such as rutin, myricetin, kaempferol, and 
quercetin have antioxidant and antihyperglycemic 
activities. The ability to inhibit the action of enzymes from 
flavonoid compounds is determined by the position and 
number of hydroxyl groups, the number of double bonds in 
rings A and B, and the heterocyclic ring in ring C. Tadera 
et al. (2006) and Zhang et al. (2014) also explained that 
flavonoid compounds of samples significantly inhibit the 
α-glucosidase enzyme activity.

The ability to inhibit the α-glucosidase enzyme from 
Pluchea infusion was significantly affected by the steeping 
temperature and long storage. Figure 3 also showed 
that the capability of Pluchea infusion to obstruct the 
α-glucosidase enzyme was greater than the α-amylase 
enzyme because the mechanism of the two enzymes was 
different, according to the opinion of McCue et al. (2005). 
The mechanism of the α-glucosidase enzyme inhibitor 
includes making the sugar mimic structure, binding using 
ionic bonds with nucleophilic, making the transition 
state-like structure, binding hydrogen with catalytic acid 
residue, interacting ionic and hydrophobic with site other 
than the active site, and binding covalent with enzymes 
through an epoxy or aziridine group (Moorthy et al. 2012). 
Then, the mechanism of the α-amylase enzyme inhibitor 
includes blocking carbohydrates, thereby limiting the 
digestibility and absorption of carbohydrates, as well 
as blocking the active centers of several subsites of the 
enzyme (Gong et al. 2020).

Widyawati et al. (2017) stated that phenolic and non-
phenolic compounds can inhibit the α-glucosidase enzyme 
activity. The ability of bound phenolic compounds to 
inhibit α-glucosidase enzymes was higher than free 
phenolic compounds. The presence of polymerization 
and degradation reactions, which may occur in Pluchea 
infusion during storage, affects the structure and profile 
of phenolic and non-phenolic compounds. Arsiningtyas 
et al. (2014) explained that the methyl-esterified 
quinic acid with the caffeic groups such as 3,5-di-
O-caffeoylquinic acid, 4,5-di-O-caffeoylquinic acid 
methyl ester, 3,4,5-tri-O-caffeoylquinic acid methyl 
ester, 3,4,5-tri-O-caffeoylquinic acid, and 1,3,4,5-tetra-
O-caffeoylquinic acid of Pluchea leaves inhibits the 
α-glucosidase enzyme activity. The resulting analysis of 
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caffeoylquinic acids (3,4-di-O-caffeoylquinic acid, 3,5-di-
O-caffeoylquinic acid, and 4,5-di-O-caffeoylquinic acid 
in stored Pluchea leaf infusion higher concentration than 
in unstored Pluchea infusion, and the concentrations of 
the simple phenolic compounds were increased at higher 
steeping temperature, but the GA of them was reduced. 
It means that the methyl-esterified quinic acid with the 
caffeic groups had more potential to inhibit α-glucosidase 
enzyme than free caffeoylquinic acid. 

This study showed that the increasing steeping temperature 
and storage period caused degradation of polyphenol 
compounds to produce simple phenolic compounds 
such as gallic acid, (+)-catechin, myricetin, quercetin, 
kaempferol, 3,4-di-O-caffeoylquinic acid, 3,5-di-O-
caffeoylquinic acid, and 4,5-di-O-caffeoylquinic acid that 
increased the TPC and TTC. The increase in the simple 
phenolic concentration of the Pluchea leaf infusion caused 
higher antioxidant activity and lower antidiabetic activity. 

CONCLUSION
The TPC of Pluchea infusion at different steeping 
temperatures and storage periods generally significantly 
increased with increasing steeping temperature and 
storage periods. Steeped and stored infusion had 
significantly higher amounts of phenolic compounds 
than the samples that were steeped and unstored. TPC 
was highest in the stored and steeped at 95 °C and lowest 
in the unstored and steeped at 60 °C. Unstored steeped 
samples exhibited significantly higher flavonoid content 
than the stored steeped samples. The highest TFC was 
exhibited by the unstored samples steeped at 95 °C. The 
TTC of Pluchea leaf infusion significantly increased 
with increasing steeping temperature and storage period. 
Among the unstored steeped samples, the tannin content 
was significantly the lowest in the samples steeped at 60 
°C and the highest in the samples steeped at 95 °C. 

The DPPH of the stored and steeped Pluchea leaf infusion 
was significantly higher than the unstored steeped 
samples. The free radical scavenging property was highest 
in the stored samples steeped at 80 and 95 °C. The free 
radical scavenging activity of the samples was strongly 
and positively correlated with total phenolic and tannin 
contents but inversely with total flavonoid levels. The 
FRAP significantly increased with increasing steeping 
temperature and longer storage periods. The lowest FRAP 
was found in the unstored samples that were steeped at 
60 °C, and the highest was exhibited in Pluchea samples 
that were stored for 5 yr and steeped at 95 °C. The FRAP 
of Pluchea leaf infusion was significantly strong and 
positively correlated with the free radical scavenging 
property, TPC, and TTC but inversely with TFC. The 

AA was generally found to be higher at lower steeping 
temperatures of the unstored Pluchea leaf infusion than 
at higher steeping temperatures of the stored sample. 
The AA capacity of the Pluchea leaf infusion showed a 
significantly strong and negative correlation with TPC, 
TTC, DPPH, and FRAP, but it was weakly and positively 
correlated significantly with TFC. 

The ability of the Pluchea leaf infusion to inhibit the 
α-glucosidase enzyme decreased at high steeping 
temperatures and long storage periods. The highest inhibitory 
activity was obtained in the unstored Pluchea leaf infusion 
that was steeped at 70 °C, whereas the lowest was obtained 
in the unstored sample that was steeped at 95 °C. The ability 
of Pluchea leaf infusion to inhibit the α-glucosidase enzyme 
tended to be higher than the ability to inhibit the α-amylase 
enzyme. The GA was significantly strong and negative TPC, 
TTC, DPPH, and FRAP, and it was weakly and positively 
correlated significantly with TFC. 

The simple phenolic compounds identified in Pluchea leaf 
infusion may affect the presence of the bioactive compounds, 
antioxidant potential, and antidiabetic properties at different 
steeping temperatures and storage periods – including gallic 
acids, (+)-catechins, myricetins, kaempferols, quercetins, 
3,5-di-O-caffeoylquinic acids, 3,4-di-O-caffeoylquinic acids, 
and 4,5-di-O-caffeoylquinic acids.
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technology, mathematics, and the social sciences. Reports may be in the form of a Regular Article or a Research Note. The Journal also publishes invited reviews and viewpoints on timely subjects. This guide must be followed carefully
in submitting a manuscript.
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Metrics based on Scopus® data as of March 2024

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of  scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the  scienti�c in�uence of the average
article in a journal, it expresses how central to the global

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2009 24
2010 25
2011 24
2012 20

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2009 0.000
Cites / Doc. (4 years) 2010 0.125
Cites / Doc. (4 years) 2011 0.265
Cites / Doc. (4 years) 2012 0.342
Cites / Doc. (4 years) 2013 0.419
Cites / Doc. (4 years) 2014 0.366
Cites / Doc. (4 years) 2015 0.313
Cites / Doc. (4 years) 2016 0.402
Cites / Doc. (4 years) 2017 0.314
Cites / Doc. (4 years) 2018 0.525
Cites / Doc (4 years) 2019 0 628

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
Self Cites 2009 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published

documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's

documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2009 29.17
2010 8 00

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research

(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2009 0
Uncited documents 2010 21
Uncited documents 2011 40
Uncited documents 2012 57

% Female Authors

Evolution of the percentage of female authors.

Year Female Percent
2009 56.96
2010 55.38
2011 51.35
2012 56.36
2013 27.94
2014 39 68

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public
policy documents according to Overton database.

Documents Year Value
Overton 2009 0
Overton 2010 0
Overton 2011 0
Overton 2012 0
Overton 2013 0

Documents related to SDGs (UN)

Evoution of the number of documents related to
Sustainable Development Goals de�ned by United
Nations. Available from 2018 onwards.

Documents Year Value
SDG 2018 28
SDG 2019 39
SDG 2020 49
SDG 2021 107
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Marie Grace Rosales 4 years ago

I would like to inquire how to publish. I tried clicking the how to publish in this journal link in the

page however it is always error. Please advise. Thank you.

reply

Imam Santoso 5 years ago

I want to publish in this journal. Furthermore, may I get the information?

reply

Foued Sennaoui 5 years ago

Hello, I am the author SENNAOUI FOUED, University Annaba- ALGERIA, I was submitted by a

research article in your excelent journal, under/ Sediment analysis in the drainage channels is a

means of rehabilitation ,so far there is no answer? cordially

reply
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M

Melanie Ortiz 4 years ago

Dear Marie, thank you for contacting us. We will proceed to update the journal's website

information as soon as possible. Greetings from Spain and thank you for using the

SCImago products, SCImago Team

M
SCImago Team
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