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Abstract: The Toraja people have long utilized various species of medicinal plants as part of their local
wisdom for maintaining health, with this knowledge being passed down through generations. The
effectiveness of these plants in treating various diseases is believed to be linked to their pharmacological
potential, supported by bioactive compounds. This study aims to identify the phytochemical contents of
medicinal plant species used by the Toraja people, explore the relationship between active compounds
and their therapeutic properties in traditional medicine, and discuss the importance of conservation
and sustainable practices in the use of these plants. Data were collected through semi-structured
interviews with informants selected using Snowball and Purposive Sampling methods. Field exploration
documented plant species based on these interviews, and samples were collected for identification and
herbarium specimen preparation. Phytochemical data were obtained through a literature review of
research databases such as Science Direct, Scopus, PubMed, and Google Scholar, focusing on the
phytochemical components of species identified in previous ethnobotanical studies. The study
identified 94 medicinal plant species from 46 families, which contain phytochemical compounds
supporting their traditional therapeutic uses. Phytochemical analysis revealed dominant compounds
such as flavonoids (e.g., quercetin, kaempferol, myricetin, luteolin, rutin, catechin, apigenin, vitexin,
isovitexin) and terpenoids (e.g., phytol, squalene, limonoids, [B-carotene, carvacrol, momordicin,
xanthorrhizol), known for their pharmacological activities, including wound healing, antibacterial, anti-
inflammatory,  antioxidant, = immunomodulatory, antidiabetic, anti-ulcer, antihypertensive,
antihyperlipidemic, antimalarial, and anticancer effects. Among these species, 28 species (30%) are wild
plants, and 66 species (70%) are cultivated. The majority of species have a status of Least Concern (LC),
while some are more threatened, including Santalum album (VU) and Swietenia macrophylla (EN). This
study emphasizes the importance of sustainable harvesting and conservation efforts to protect valuable
medicinal plant resources for future generations. Conservation strategies can be implemented through
various approaches, including in-situ and exsitu conservation, sustainable harvesting, customary
protection, and cultivation practices following Good Agricultural Practices (GAP). The research
provides scientific insights into the pharmacological basis of traditional medicinal plant use, highlights
their potential for modern drug development, and underscores the urgent need for integrated
conservation strategies to ensure their long-term availability.
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1) Introduction

The use of plants in traditional medicine has been an integral part of supporting public health systems
across various cultures for centuries, including among the Toraja people in South Sulawesi. Plants are
widely utilized by the community due to their phytochemical content, particularly secondary
metabolites, which have significant potential as medicinal substances and offer various other benefits to
human life [1]. These secondary metabolites consist of specific compounds that play important roles in
bodily physiology and are a primary source for the development of modern medicines [2, 3]. The
effectiveness of medicinal plants in treating various diseases is generally associated with the
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pharmacological potential of the bioactive compounds they contain. Therefore, the sustainable use and
conservation of these plant resources are crucial to ensure their availability for future generations, in
line with conservation principles that emphasize the balance between resource utilization and
environmental preservation.

Phytochemical studies of medicinal plants are essential for scientifically validating traditional healing
practices. Local knowledge, supported by scientific research, has played a key role in utilizing
biodiversity to promote public health [4]. The therapeutic use of plants depends largely on the
phytochemical compounds or secondary metabolites they contain, which have diverse physiological
effects on the human body [5]. Identifying these compounds is critical for uncovering the medicinal
potential of plants. This not only enhances our understanding of plant bioactive compounds but also
highlights their pharmacological potential. Such knowledge strengthens the role of plants in traditional
medicine, bridges the gap between traditional and modern medicine, and creates opportunities for
developing bioactive compounds into modern drugs.

The Toraja people are highly dependent on medicinal plants for traditional healing. However, scientific
research on the phytochemical content and pharmacological potential of these plants is still limited and
has not been comprehensively conducted. Documenting the diversity of medicinal plant species is
crucial for preserving ethnomedicine knowledge, supporting the sustainable use of these plants, and
playing a key role in the discovery and development of modern medicines [6]. Therefore, this study aims
to document the medicinal plants used by the Toraja community, analyze their phytochemical profiles
in detail, and assess their sustainable use and conservation practices. Additionally, the research connects
the bioactive compounds in these plants to their traditional uses. It is hoped that this study will make a
significant scientific contribution to the understanding of medicinal plants used by the Toraja people of
South Sulawesi, promote sustainable harvesting practices, and open opportunities for the development
of modern medicines in the future. This study is part of a broader ethnobotanical research on
medicinal plants used by the Toraja people, focusing on phytochemical data, its relevance to traditional
medicine, as well as the sustainable use and conservation of these plant species.

2) Methods and Methodology

(a) Study Area

This research was conducted in the highlands of Toraja, South Sulawesi, Indonesia, from October to
November 2024. The study area includes the Tana Toraja and North Toraja regencies, located 280-355
km from Makassar, the capital of South Sulawesi Province, with geographic coordinates ranging from 2°
40' S to 3° 25' S and 119° 30" E to 120° 25' E. The region is characterized by its mountainous terrain,
with elevations ranging from 600 to 2.800 meters above sea level, and a humid tropical climate. The
annual rainfall in the area varies between 1.500 and 3.500 mm, creating an ideal environment for a
diverse range of plant species.

The study focuses on four traditional villages: Sillanan (Gandangbatu Sillanan) and Tongkonan
Karuaya (Sangalla Utara) in Tana Toraja, and Ke'te' Kesu' (Kesu’) and Pallawa (Sesean) in North Toraja,
as shown in Figure 1. These areas are surrounded by a variety of ecosystems, including agroforestry
systems, agricultural fields, plantations, rivers, and different types of forests, contributing to the high
plant species diversity observed in the region. This research site is the same as that used in the first
article, which focused on the species diversity and utilization patterns of medicinal plants. However, this
article shifts its focus to the phytochemical composition and potential pharmacological properties of the
medicinal plants used by the Toraja community. By exploring the same area, we aim to bridge the gap
between traditional plant usage and the bioactive compounds they contain, providing deeper insights
into their therapeutic potential, while also highlighting the importance of sustainable use and
conservation practices to ensure the continued availability of these plant.
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Figure 1 Research Framework

(b) Ethnobotanical Survey and Plant Identification

This study employed an ethnobotanical survey to document medicinal plants used by the Toraja
community and subsequently identified the collected plant specimens. Ethnobotanical data collection
was carried out through semi-structured interviews with local communities, particularly traditional
healers, herbalists, and individuals with traditional knowledge of medicinal plants. The interviews
aimed to identify the local names of plants, the parts used, processing methods, and the types of
diseases treated, which will later be analyzed further concerning their phytochemical profiles, as well as
the sources of these plants and conservation practices to ensure their sustainable use. Informants were
selected using Snowball Sampling and Purposive Sampling methods, with the main criteria being
traditional healers, community leaders, cultural figures, and general community members with
experience in traditional medicine. The data obtained was systematically recorded and categorized based
on the local names of plants, plant parts used, processing methods, and the diseases treated.

The collection of medicinal plant samples was carried out to ensure the accuracy of data obtained from
interviews with informants. The plant samples were gathered from the research locations based on
information provided by the informants such natural habitats, home gardens, and markets. Each
specimen collected was documented through photography for identification purposes and the
preparation of herbarium specimens. Identification was conducted at the Plant Systematics Laboratory,
Faculty of Biology, Gadjah Mada University, by comparing the morphological characteristics of the
plants with botanical literature and available identification keys, guided by reference books such as
Tumbuhan Berguna Indonesia (7], Illustrated Guide to Tropical Plants [8], and Flora of Malesiana [9]. The
plant classification followed the Angiosperm Phylogeny Group IV (APG IV) system to ensure the accuracy
of scientific nomenclature. The process of verifying species names and authors was carried out using the
Plants of the World Online (www.powo.science.kew.org) and the International Plant Name Index
(www.ipni.org) websites. The conservation status of medicinal plants used is determined from sources
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beyond the IUCN Red List (iucnredlist.org).

A total of 42 informants were interviewed from four traditional villages in the study area. The
informants were categorized based on gender, knowledge level, age, and occupation. Among them, 23
were male (55%) and 19 were female (45%). The majority of informants were traditional healers (40 %).
Regarding age, the largest group fell within the 61-70 age range (29%), with an average age of 63 years.
The youngest informant was 41 years

old, and the oldest was 86 years old. In terms of occupation, most informants were farmers (69%). The
demographic profile of the informants is presented in Table 1.

Table 1. Demographic profile of the informants

Category Number Respondent
of Total frequency (%)

, (n=42) dquency 7
informants

Gender

Male 23 42 55

Female 19 42 45

Level of knowledge

Traditional healers 17 42 40

Community leader 10 42 24

Traditional medicine 15 4 36

users

Age of group

40-50 8 42 19
51-60 10 42 24
61-70 12 42 29
71-80 9 42 21
>80 3 42 7
Occupation

Farmer 29 42 69
Traditional leader 7 42 16
Government official 4 42 9
Housewife 2 42 5

Demographic profile of the informants, including the number of informants and the frequency and
percentage distribution for each category: gender, knowledge level, age, and occupation summarize in

Table 1.

(c) Phytochemical Data Collection

Phytochemical data collection was carried out to identify the active compounds found in medicinal
plants used by the Toraja community. The data collection was conducted through a literature review to
link the active compounds and their pharmacological benefits with traditional uses. Literature searches
were performed using scientific databases such as Google Scholar, PubMed, Science Direct, and Scopus, with
keywords that include the scientific names of plants, active compounds, and their pharmacological
activities. The phytochemical compounds identified in each species were then classified based on major
groups, namely alkaloids, glycosides, flavonoids, phenolic acids, terpenoids, saponins, lignans,
aminosugars, carotenoids, and steroids.

Each species was associated with specific compounds reported in the literature along with
pharmacological activities relevant to their traditional medicinal uses. The results of this phytochemical
study were then compared with ethnobotanical data to assess the alignment between the active
compound content and the reported medicinal benefits, focusing on compounds with antibacterial,
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antimicrobial,  immunodulatory  anti-inflammatory,  antioxidant,  anti-ulcer,  antidiabetic,
antihypertensive, antihyperlipidemic, anticancer, and other beneficial activities. The findings of this
study are used to understand the mechanisms of action of active compounds in supporting the
traditional use of plants by the community.

(d) Data Analysis

The data collected from the ethnobotanical survey on the use of medicinal plants in the Toraja
community, the phytochemical data obtained from literature studies, and the conservation status of
medicinal plants used were analyzed using a descriptive qualitative approach. This analysis aimed to
identify patterns of medicinal plant use based on the diseases treated, included identifying the bioactive
compounds found in the plants and linking these compounds to their pharmacological activities. This
step involved a detailed comparison of the phytochemical properties of the identified species with
known medicinal effects. This approach allows for a deeper understanding of how traditional medicinal
practices align with modern pharmacological findings, highlighting the potential of these plants to
contribute to maintaining community health, the development of future drugs, and the importance of
sustainable use and conservation practices to ensure the long-term availability of these valuable plant
resources.

3) Results and Discussion

(a) Medicinal Plant Species and Phytochemical Profiles

This study documented 94 species of medicinal plants used by the Toraja community, belonging to 46
plant families. These species were obtained through interviews with informants selected using Snowball
and Purposive Sampling methods, as well as field exploration. Among the 94 species of medicinal plants
used by the community, 28 species (30%) are wild plants found in their natural habitats, such as forests,
mountains, riverbanks, rice fields, and thicket. Meanwhile, 66 species (70%) are cultivated plants that
can be found in home gardens, fields, and agricultural land. The Toraja community accesses medicinal
plants from three main sources: home gardens, the wild, and markets. All 42 informants interviewed
(100%) reported collecting medicinal plants from their home gardens and the wild, while 7 informants
(17%) also mentioned obtaining them from the market. Common medicinal plants found in the Toraja
people's home gardens and easily accessible for daily use include Jatropha curcas, Swietenia macrophylla,
and Zingiber cassumunar. On the other hand, medicinal plants obtained from the wild include Ageratum
conyzoides, Lantana camara, and Dendrophthoe pentandra. Additionally, the market serves as an important
source for the community to obtain medicinal plants, with some plants sold in dried or processed
forms, such as Centella asiatica, Piper betle, and Cymbopogon citratus. The market becomes a vital
alternative for those who do not have direct access to gardens or the wild, as well as for obtaining rarer
medicinal plants. A diagram shows the percentage of wild and cultivated plants used for medicine, as
well as the primary sources from which these plants are obtained, as shown in Figure 2 and 3.

Numsber of mformants

= Wild Plant * Cultivated Plant #Wild » Home garden = Market
Figure 2 Percentage of wild plants and cultivated plants Figure 3 Souces of medicinal plants
The data shown in Figures 2 and 3 highlight the important role of both wild and cultivated plants in

the lives of the Toraja people, as well as emphasizing the need for sustainable management of both.
Given that 30% of the species used come from wild plants collected from natural habitats such as
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forests, mountains, and riverbanks, it is essential to adopt environmentally friendly harvesting practices
to prevent over-exploitation that could threaten the survival of these species. Meanwhile, the majority of
medicinal plants (70%) are cultivated, indicating a significant potential for conservation and reducing
dependence on wild plants through cultivation in home gardens and farms. This practice supports
conservation principles by reducing pressure on the wild and ensuring the sustainable availability of
medicinal plants. Therefore, integrating environmentally friendly cultivation techniques and wise
management of wild plants will play a key role in maintaining ecosystem balance and the sustainability
of medicinal plant use in the future.

Phytochemical analysis of these plants revealed the presence of various bioactive compounds that
support their traditional medicinal uses. Dominant compounds identified include flavonoids and
terpenoids. Some flavonoid compounds, such as quercetin, kaempferol, myricetin, luteolin, rutin,
catechin, apigenin, vitexin, and isovitexin, as well as terpenoids such as phytol, squalene, limonoids, -
carotene, carvacrol, momordicin, and xanthorrhizol, were found to have pharmacological activities such
wound healing, antibacterial, anti-inflammatory, antioxidant, immunomodulatory, antidiabetic, anti-
ulcer, antihypertensive, antihyperlipidemic, antimalarial, and anticancer properties. A comprehensive
list of plant species, parts used, ethnomedicinal uses, phytochemical compounds, conservation status,
and plant type (cultivated or wild) is provided in Table 2.

Table 2. Phytochemical constituents identified in the studied plant species and conservation status

Family Scienfific Name LocalName | Part | Ethwemedicinal Phvtechemical Constiruents PT | CS | Refs
Usad Uses and Pharmacokegical Acrivities
Acanthaceze Srokilmshes crispe (L) Bhume | Pecahbelinz | Leaves | Kaduey Rosmarizac 208 (P). smensehin (F) — afurolithiane | WP | NE | 0]
e Andrograplés paviculots (Barm £) | Sambilown | Leaves | Makama Anéromrapholide (T) — mtmahirial CP|NE| [
AL held Wall ex Ness '
Acanthaceae Grapiopiyiim picim (L) Gaff Koo | Leaves | Kidoey. hematura | Quercetin (F) — nephroprotective CP|NE| B21H
Achamaceae Pumgivm sduls Retnw: Pangi Leaves | Cholestesol Premane (R}, carotens (K) — antionedant. hypolipidenue | CP | L M
Acocaceze Acors calawis L | Kanizago Riziome | Abdomisal pain | g-asarcpe. F-zsacope (T) — antidiarches! conminative | WP | LC | 236
Amaraiaceze | Alermriera sessilis (L) DC | Panpa Leaves | Acid reflux | Apigena (F). Phyeol (T) — astwsicer. antisecretory WP|iC | pu1g
Nl Alsnymthers philevercides (Mart) | Belkerada  [Ste | Dwom Kaempferol (F), qoercetin P}, #robcacd (P) —am- | WP | NE | 1
As e 2 :
Griseh uroliiitic
Asarsilidacese | Allam sqtium L | Lassupabusa | Twher | Hopertension | S-aiiyi cysteize (1), allicia (T) — ashiypertensve P3| O
| L Fever chu 1 i F). (A)— N s
Amaifistaorse | il copn v agprepnion GDoa | };i:la Tuber ever. chickeapos ?._,:,:m [E‘bu?p:: ) alfma::xdtll, CP | NE
Asarsilidacese | Allivm fismiomm L | Lassuma Leaves | Headacke fover :ﬂl]l::s{cn Ipempderct (F) — anti-iafbmmatory. QN | 3
Asacardnoese | Lomes coromandelicn (Houtt j Merr. | Kewmpwa  |Bark | Womds | Coumarm (P} favoaoid — zanbacieral wossdbeatng | WP | L
Amsomceas Annona wricat Linn | Saekaa® | Leaves | Duabetes Acetogenins. rutin {F) — antidiabenc. antitnperglyeemic | CP | ILC
Actaceaz Centell asiaticn (1) Urb. | Leme’ Leaves | Hypertension Quercetin, apigents (F) — antivperteasive, vasodilatee | CP | LC
Apmceae Apfum gravesiens L | Dzan 50’ Leaves | Acidreflm Feranoccemanns, cafesc acsd (P — hepatoprotective (P |IC
Agiaceas Dawcus carota L | Wortel Tober | Hypertension Daucuside (G). dancusol (T) — aatibypersensie | LC
Amceze Colocasic esculema (L) Schost | Salenggo Leaves | Womads Onezt. vitexmn {F) — ashibacteral wosad healing CP| L
Arecaceae Areca casechu L | Kakst Framt Mzl Arecoline (A}, catechins {F), quercetin (F) — antimalanal | CP | 1C
Arecacess Arenzo pimnass (Wormb} Mers. | Indok Frat | Dabetes Galactomsarnas (G) — anfidizhet i
Asphodelaceze | Aloe vero (L) Bam f | Lidzh bmaya | Mucilage | Womeds | Aloe-e=zodin (P} — atbacienal. anh-eflanmatory CP | NE
Asteraceaz Ageramaw comzoidss L | Tassi-dassi’ |Leaves | Womed gastitis | Kaemplerol. quercetin (F) — woundhealing zntmlcer | WP | LC
Asteraceas Elgphamtopas scader L | Tapakimas |Leaves | Camcer wounds | Deowvelephamopn (T) — anhicamcer. wound healmg WP | NE | B4
Gymra Bcolor (Roxb ex Willd) | Dondema Leaves | Womns Agigena (F). luten (K) — asti-mfiammatory, VP NE| ®3
Asteraceas | o
DC. astectenzl
, Clirowoloemn odoratz (L) RM King | Sammbuallo | Leaves | Womnds. camcer | Hesperetin, persicogenin — zatbacterial womd beskng | CP | NE | B
) &HReb. | Odxann, acacenn (F) — anticaacer. astiprolskrative
Asteraceas Commos coudanys Kmth | Keailor Leaves | Diabetes Cateckin, qeercetin (F)— zahidizbesic. antiypergheemic | CP | NE | ¥
Aidesaceae Oy procidens (oont S ' ::::.rg Leaves | Cholesterol Caffeic acid {P), chiorogeas: aod (P) — hypolipidemse | CP | NE [ B
Basellacmae Anredern condifplia (Ten) Steenss | Mimabong | Leaves | Hypertens | Apigen= zpigetrin (F), vitewn (F) — astitpperensie. | CP | NE | B4
Bignomiaceae | Crescemia agets L | Bila Leaves | Disbetes | Leolin (F). prosocatechnic acid {P) — astidiabetic CP|NE| H1
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Bromel Anawaz (L) Merr Poadan Frut Digestive disorder | Polyphenol. volande, ds — ammdsurhoeal CP | NE 18
Campamibiceae | Hippodroma fongifiora (L) GDen | Damnkaunk | Leaves | Ocular deiease Quercetm (F), plhesol 4 : WP| NE | %
Canicaceae Carrea papaya L Tabk: Leaves | Malwia Carpame (A). Xaemplerod -~ m:hnlanqhmﬂal CP | DD | ¥51
[¥ I J Forssk Rangkmg Leaves | msotnm (F)— amuobync CP| LC E:‘i_
Crasulaceze Kalanchos pionana {Lam ) Pers Cocor bedek | Lea Chickens pox Butadienolides (G}, fix od dat: CP | NE | 5.5
Cocwbinioese | Sechivm adwg (acq ) SW. ot Fre | Hop Qu {F) = amtibyp “asedilater CF | NE [ o |
[& Mowontica charawss L Paria Froat Makama Momoediztn (T) — antumalanzd CP | NE | ]
Euphar Acalypha e L Al bicng | Leaves | Comcer Q (F) catechun (F). tsdoline () — anticascer | WP | NE | 1080
Eupborbuacese | Jatrophe curvcas L Pallen Leaves | Fever, sore trool | Isomtexan witexin (F) — msaboctenal mnpyenc CP| LC | ®wL.&
Enplart Eughortg tevcoitl (L) Pl fulang | Sap_ Taothacke, nomd | Eughbol, tmecallol (T) = anigesic. opr-wiinmwtory | CP | LC | W]
| Enpbocbiaceae | Evphordva it L Pask-mnk | Whole | Appexdictis 5-Sitosserod (R) —~ asti-nameony, annbactenal WP | NE | G2
Eupbochaacese | Manthor escniomts Cranse Duy'lyu | Leaves | Womds Kaemplerol, myricetia— mn-aflameunoey, astibactenial | CP | DD | [
Evpborbuacese | Sawrepus ondrogynons (L) e | Fonk Tewves | Lactation dusorder | Quercetia (F), sqesienc E (T) —~ galactogogne P NE[ ™
Fabaceae Puerovks (Lous ) Mexx Xadon kadox | Whole Claucoma C-glucosod Mmmm » antighocoma WP | NE (]
Fabaceae Cassia alato L Leaves | Malzma mmmw - lasmnodaal WP x_._c_ (G2
Indaceas Elethertne palwioihr (1) Merr Lassuna deats | Tuber Cacer Isaligmnigenn (F). exyresveramol (F) — CP | NE ™
Lamss P hus Scxneilarioldos Bleme | Bulunangko | Leafup | Congh sore tiromt | Quercena (F) tannins — ant-asflamunatory, antbacteral | CP | NE | L7711
1 Orthosiphon aristans (Blume) Mig | Dangposerre’ | Whole | Kidey, dysuris | Eup (F). snensetin (F) = deoretic. aani-wolithiane | CP [ NE | T
T Mesasphoerum pecriwatn (L ) Pecdampi seta | Leaves | Wounds A -caryopliyilene (T). esseaal ofl (T) —~antibactenal, WP | NE | T2
Kumeze =t-mfmmatay —
1 Persea Mall Alpoka’ Lesves | Hwp Triydroxy. pestabvdroxy fl —~ makyp C? | LC [
Lorazfioceas MM(L))&; Betano Leaves | Cancer Q (F. - annprokd WP | NE | MW
bz wanibor (L) Modk | Do gedi | Leaves | Diabetes Hyperoside. myricetia ruem. quetcetia F) - aatdubetic | CP | DD | W |
Malvaceae Corchorys caprularis L Seagkadulang | Seed Hear! &sease Cerch (A) -~ cardiop CP | NE | B9
Malvaceae Theobrama corao L Cekla Seed Duabetes Qnuwu(ﬂ pmmm- astidabensc CP | NE [i1}]
Tabathracnm L Bomo. Teaves | Worsds Tk hacterial wound healing | WF | NE | D)
Mehaceae Swivtoua macrophpiis Kang Mabom Seed Makxa L uls {T) — ammh-nl CP | EN 2]
Melucese Sandoricam koegape (Burs ) Menr | Katap Bark Caacer Koetppw ad KA (T) ~ cP | ic | 1
Meliaceae Lansiuw dowessicum Comréa Lisga’ Bark Malea Lanuolic acid, meSt lasiolate (T) — anumalanal CP | NE L)
M Arfocged aliils (Park ) Fesberg | Baka’ Bark | Camcer Arcam (A), anobdoxanthone — aticancer CP|NE| D&
Moraceae Ficwd seprica Bum £ Lebazan Leaves | Jaouds Faruseptamines () /2 1 (%) - bepatoy We | ic | wowl |
Moraceae Arocarpag heteropinfius Las Nangka' Leaves | Cancer Arcarp (F) —~ ssteances CP | NE 1)
Morag: Moringa oleffera Lam Revo Seed | Diabetes Monaga isothiocyasate-] — anndiabenc CP|IC | DO |
Munfungs Manfingia caloburs L Gersen Leaves | Dubetes Quercetiae (F) — aatidiabet We | LC | PU
Mirtacese Puidium pugna L Dambu Leaftp | Dare. dabeles | Quercetn — andue. Pedmoulapm () — asbaabetic | CP | LC | DY
Myrtaceae Sygnm polyanrivm (Wyht) Walp | Danalam | Leaves | Hypertenuion Gakde acsd (P}, ghocogallis (G) —~ senhypemenine CP| NE | 533
Oxabids Oraits cormiculats L Pk Whale Cough & -carotene (T) —~ anticongh WP | NE ]
Pateacest hlrxmeMG Dea pandan | Reot Dabetes Quercetin (F). Mrthoxybemzone aced (P) -« antidiabetic CP|DD| P71
Phyllbnt Phyl wrimaria L Meniran Whole | Kadney P {L) lign, tuerpencid — mbeolithstic | WP | NE | ©4.97]
P Deperomia peiiuctds (L.} Kunth Racakaca | Wiole | Hyp [ (F), pelleids (L)*“_w} WP | NE | (o]
e Piar botle L Dausvolu | Leaves | Fever, gastnin Hydraychamicol — & CP | NE | for 13
Fanng Plantazo major L Sawi-awi | Lesves | Kidney Tnaoid (1), A Caffeit %38 (F) = T i B L
Poacese Tnperats o mdrica (L ) Raewsch 3 Whele | Kaduey Chryp genic 3d (P nephrop dimetic | WP | LC | o0
Poaceae Cymbopogon cirans (DC ) Stapf Samre Whole Cough Caval (1), Coronelal — antibacserial, antinociceptave CP | NE [izH]
Poacese Digharia songumaits (L) Stop Bl b | Leaves | Womds mum-ommw al WE [ IC | 10 |
Poacese Corx lacryma.fods L Dulie-dale | Seed | Urinary mfe pbenols - dneet neplycprtective CP | NE | 1071 |
Poaceae Sacohamm oficiarnm L Taturarang | Leaves | Dabetes Ccuuu(F]. qo ~-nmamm CP|NE| %
Poacese Zoa mavs 1 Dalle Seed Cluckenpo. sce | Chiloregenic acud — ~+healingagest | CP | LC | (LU LG
Cutrus anranttiBlle (Chitstn ) Lemo tadi hl.:\n, Fever, cough Eugemcl — mtipyvetic. sangm (F), nxmpenm — CP | NE | (.10
Rutaceze s -l
Rutaceae Crtrus byxory DC Lemo aw Frutt Cough a " (T). tesp 4al(T)— CP| LC Y]
Sl Sawtaluw aidim L Sentama Woed | Cancer a-smtalol, 5 -sastalol (1) -+ (s ARLE LS
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PT: Plant type; WP: Wild plant; CP (Cultivated Plant), CS: Conservation Status; EN: Endanger (Very
high risk of extinction in the wild); VU: Vurnerable (At risk of becoming endangered); LC: Least
Concern (Low risk, population is stable and not currently threatened); DD: Data Deficient (Insufficient
information to asses conservation status); NE: Not Evaluated (Has not yet been assessed); (A) Alkaloid;
(F) Flavonoid; (P) Asam fenolik; (T) Terpenoid; (S) Saponin; (G) Glikosida; (L) Lignan; (R) Steroid; (K)
Karotenoid; (U) Organosulfur
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(b) Active Compounds and Therapeutic Properties

The correlation between phytochemical constituents and ethnomedicinal uses was analyzed to
determine whether the presence of bioactive compounds supports the traditional medicinal
applications. Many medicinal plants contain active compounds that are aligned with their traditional
uses. These active compounds come from various major classes of phytochemicals, such as flavonoids,
terpenoids, alkaloids, phenolic acids, saponins, and steroids, all of which are known to exhibit a range
of pharmacological activities, including wound healing, antibacterial, anti-inflammatory, antioxidant,
immunomodulatory, antidiabetic, anti-ulcer, antihypertensive, antihyperlipidemic, antimalarial, and
anticancer effects. This correlation aligns with the reverse pharmacology approach, which suggests that
traditional knowledge can guide the discovery of pharmacologically active substances. Reverse
pharmacology, in particular, emphasizes the validation of traditional medicine through modern
scientific methods, beginning with clinical observations and progressing toward laboratory and
molecular studies [140]. For instance, flavonoids commonly found in ethnomedicinal plants have been
documented to exhibit potent antioxidant and anti-inflammatory properties, thereby validating their
traditional use in treating inflammatory conditions [141]. Thus, the presence of these bioactive
compounds scientifically supports and rationalizes their traditional applications.

Wound-Healing Properties

Some species contain specific compounds with pharmacological activities strongly correlated with their
traditional use in wound healing. For instance, Ageratum conyzoides (kaempferol and quercetin),
Chromolaena odorata (hesperetin and persicogenin), Anredera cordifolia (vitexin), and Aloe wera
(acemannan, aloe-emodin, and aloin) are commonly used for wound-healing purposes. These
compounds, primarily belonging to the flavonoid class, exhibit wound-healing, antibacterial, and anti-
inflammatory effects, which may explain their traditional applications in treating cuts, infections, and
inflammation. This suggests that traditional healers may have selected plants based on their inherent
medicinal properties.

Antimalarial Properties

Several plant species are traditionally used for their antimalarial effects, supported by the
pharmacological activities of their bioactive compounds. For example, Andrographis paniculata
(andrographolide), Carica papaya (carpaine), Areca catechu (arecoline), Momordica charantia
(momordicin), Swietenia macrophylla (limonoids) and Lansium domesticum (Lansiolic acid) are well-known
for their antimalarial properties. These compounds, primarily derived from alkaloid and terpenoid
classes, have been shown to help combat the malaria parasite, which aligns with their long-standing use
in traditional medicine for treating malaria. This suggests that traditional healers may have selected
these plants based on their medicinal properties.

Antidiabetic and Antihyperglycemic Properties

Various plants have been recognized for their ability to support blood sugar regulation, with bioactive
compounds contributing to their antidiabetic and antihyperglycemic effects. For instance, Annona
muricata (acetogenin), Cosmos caudatus (catechin), Crescentia cujete (luteolin), Abelmoschus manihot
(myricetin), Muntingia calabura, Theobroma cacao (quercetin), Moringa oleifera (Moringa isothiocyanate-1),
and Peperomia pellucida (ellagic acid) have been shown to improve insulin sensitivity, reduce blood
glucose levels, and provide antioxidant benefits. These findings support their use in traditional
medicine for managing diabetes and related conditions.

Antihypertensive Properties

Numerous plant species are used in traditional medicine to manage hypertension and support
cardiovascular health, owing to their antihypertensive and vasodilatory effects. These include Allium
satioum (allicin), Centella asiatica (quercetin and apigenin), Daucus carota (daucusol), Sechium edule
(quercetin), Syzygium polyanthum (gallic acid; glucogallin), and Peperomia pellucida (pellucidin A). The
compounds in these plants have been shown to relax blood vessels and lower blood pressure, providing
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a scientific basis for their traditional use in treating hypertension.

Anticancer and Antiproliferative Properties

Certain plants have long been used for their anticancer, antiproliferative, and antiangiogenic effects,
which are linked to the bioactive compounds they contain. For example, Elephantopus scaber
(deoxyelephantopin), Chromolaena odorata (odoratin and acacetin), Acalypha indica (catechin; indoline),
Eleutherine palmifolia (isoliquirigenin; oxyresveratrol), and Dendrophthoe pentandra (quercetin, quercitrine,
and -sitosterol) exhibit strong anticancer properties. Similarly, Artocarpus altilis (artonin E and
artobiloxanthone), Artocarpus heterophyllus (artocarpin), Santalum album (a-santalol), Curcuma zedoaria
(isocurcumenol), and Sandoricum koetjape (koetjapic acid) contain compounds with similar anticancer
activities. These findings reinforce their traditional use in cancer treatment and related therapeutic
purposes.
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Figure 5 Medicinal plants species used traditionally for treating various disease, (A) A. cordifolia; (B) C.
odorata; (C) S. macrophylla; (D) A. catechu; (E) A. manihot; (F); P. pellucida; (G) D. pentandra; (h) E.

palmifolia

The findings of this study have significant implications for the development of modern
pharmaceuticals, as many contemporary drugs have their origins in ethnopharmacology and traditional
medicine [140]. The medicinal plants used by the Toraja community contain bioactive compounds that
could potentially serve as the foundation for new drug development. For example, flavonoids such as
quercetin and pellucidin, identified in Peperomia pellucida, are known to possess pharmacological
effects, including antihypertensive properties, which make them strong candidates for further
investigation as therapeutic agents. These compounds could provide novel treatments for diseases such
as hypertension, heart failure, and stroke, potentially complementing or enhancing current therapies.
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Moreover, the study emphasizes the importance of sustainable harvesting and conservation practices to
ensure these plants remain available for future research and drug development. By ensuring the
conservation of these valuable plant resources, we not only preserve traditional knowledge but also open
up new possibilities for the future of medicine. Incorporating sustainable practices into the collection
and use of these plants will be critical in balancing the needs of modern pharmaceutical development
and the conservation of biodiversity. Future research should focus on both the bioactive potential of
these plants and the preservation strategies necessary to maintain their availability.

(c) Conservation Status of Medicinal Plants Used

The Toraja community utilizes various species of medicinal plants with diverse conservation statuses.
The majority of the species used have a status of Least Concern (LC), meaning they are not threatened,
with 29 species (31%). On the other hand, some species fall into more threatened categories, such as
one species listed as Vulnerable (VU) due to over-exploitation and habitat destruction, namely Santalum
album (Sendana). Additionally, another species is classified as Endangered (EN), namely Swietenia
macrophylla (Mahoni), which indicates a greater threat to its survival. Around 11 species (12%) are in the
Data Deficient (DD) category, meaning there is insufficient conservation data for further assessment. The
majority of species, about 52 species (55%), have not yet had their conservation status evaluated (NE).
The diagram showing the conservation status percentage of medicinal plant species used by the Toraja
community is shown in Figure 4.

1% q9;

11% ‘

= Not Evaluated = Least Concern - Data Deficient - Vurnerable = Endangered

Figure 4 Conservation status of medicinal plants based on IUCN Red List.

The data shown in Figure 4 highlights the importance of implementing sustainable conservation
practices in the utilization of medicinal plants by the Toraja community. The majority of the species
used have a Least Concern (LC) status, indicating that they do not face immediate threats to their
survival. This reflects that the Toraja community has wisely managed their natural resources,
maintaining a balance in utilizing medicinal plants without increasing pressure on non-threatened
species populations. However, the fact that around 12% of species are in the Data Deficient (DD)
category and 55% have not yet had their conservation status evaluated emphasizes the need for further
research to understand potential threats to these species. Species with more threatened statuses, such as
Santalum album (Sendana), listed as Vulnerable (VU), and Swietenia macrophylla (Mahoni), listed as
Endangered (EN), remind us of the importance of managing natural resources wisely and sustainably.
Therefore, effective conservation must involve efforts to protect threatened species and monitor
exploitation, to ensure the preservation of medicinal plants for future generations. In this regard, it is
crucial for the community to participate in conservation practices that support the sustainable use of
their natural wealth.

The results of this study show that the Toraja community utilizes a variety of plant species, both wild
and cultivated, sourced from home gardens, natural forests, and markets. Despite their high
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dependence on medicinal plants, the species used in traditional medicine remain relatively safe, as
indicated by the high diversity of plants and their generally well-preserved conservation status. The
Toraja people practice sustainable management of medicinal plants through several methods. These
include selective harvesting taking only parts such as leaves or stems to allow regeneration and
rotational harvesting across different locations to support plant recovery. Additionally, they cultivate
medicinal plants in home gardens, which reduces pressure on wild populations, protects natural
habitats, and ensures access to economically and medicinally important species, such as those from the
Zingiber family. Forest areas and gardens are also protected by strict local regulations that limit resource
extraction, supporting biodiversity conservation and ensuring the long-term availability of these
resources. These conservation practices align with findings from other regions, such as the Eastern
Himalayas, where traditional belief systems have been shown to play a vital role in conservation. In that
region, 28 out of 35 threatened mammal species were protected through local taboos and cultural [142].
Similarly, a study in Thathe Vondo, South Africa, found that customs, rituals, and myths associated
with sacred forests foster strong conservation ethics among local communities, who enforce strict bans
on human activities in those areas [143]. These cases highlight how Traditional Ecological Knowledge
(TEK) and cultural norms can significantly contribute to biodiversity conservation, as also demonstrated
by the Toraja community.

(d) Conservation Efforts and Sustainable Practices

The conservation of medicinal plant species is crucial for ensuring their availability for future
generations. The unsustainable harvesting of wild medicinal plants poses a significant threat to
biodiversity, making it essential to integrate traditional knowledge with cultivation practices for long-
term sustainability [144]. Strategies for conserving medicinal plants can be implemented through
various methods, such as in-situ conservation (natural reserves, wild nurseries), ex-situ conservation
(botanic gardens, seed banks), and cultivation practices (Good Agricultural Practices/GAP) [145]. This
section discusses the sustainable harvesting practices and conservation efforts employed by the Toraja
community to preserve their medicinal plants. Interviews with local informants revealed that many
medicinal plants are sourced from forests, mountains, riverbanks, rice fields, home gardens, and
thickets, where traditional conservation practices are observed. These practices include in-situ and ex-
situ conservation, sustainable harvesting, customary protection, and eco-friendly farming. Such practices
help ensure that plant populations are not overharvested and that their habitats remain intact.

In-Situ Conservation (Inside Natural Habitats)

The people of Toraja practice in-situ conservation by preserving their natural environment through
traditions and beliefs passed down through generations. One such practice is the protection of sacred
forests (hutan pemali), which cannot be cut down as they are considered sacred places or hold deep
spiritual significance. Additionally, selective logging is carried out for timber, particularly for building
traditional Tongkonan houses, where only mature trees are chosen and harvested through specific
rituals to maintain ecological balance. Protection of trees like the Tarra (Artocarpus sp.) is also an
important aspect, as these trees are valued both spiritually and ecologically in ceremonial practices.
Through these practices, the people of Toraja not only preserve their cultural heritage but also play a
crucial role in sustainable environmental conservation.

Ex-Situ Conservation (Outside Natural Habitats)

The people of Toraja also engage in ex-situ conservation through practices like home gardens (ratte) and
seed bank, where they cultivate a variety of medicinal and food plants. In their home gardens, they grow
plants such as ginger (Zingiber officinale), Minahong (Anredera cordifolia), Sambiloto (Andrographis
paniculata), and betel leaf (Piper betle), which not only serve medicinal purposes but also preserve plant
diversity. Furthermore, wild medicinal plants like Ria (Imperata cylindrica) and Lebannu (Ficus septica) are
being domesticated and cultivated near homes, ensuring that these valuable species are protected and
can be sustainably harvested. Toraja people also relies on subsistence farming by saving seeds of local
varieties, such as local rice, local corn, and medicinal plants, for the next planting season. These seeds
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are stored in special places, such as alang (a traditional Toraja seed storage structure), bamboo, or
coconut shells, and in areas that are dry and shaded. The seed selection process is based on visual
observation and experience, taking into account desirable traits such as resistance and taste. This is a
form of traditional genetic conservation that is important for the sustainability of their farming
practices. These practices help conserve important plant species outside of their natural habitats,
contributing to biodiversity preservation while supporting the health and well-being of the community.

Sustainable Harvesting Practices

The people of Toraja practice sustainable harvesting to ensure that their natural resources are used
responsibly and remain available for future generations. One key method is crop rotation for medicinal
and food plants, such as bamboo and rattan, which are harvested in a rotational manner to prevent the
depletion of any one area. Additionally, they practice harvesting regenerative plant parts, such as
collecting leaves, bark and rizhome from medicinal plants like leme’ (Centella asiatica), kunyi’ (Curcuma
longa), pana’ (Zingiber officinale), kariango (Acorus calamus) and salonggo (Colocasia esculenta) without
cutting down the entire plant, allowing it to regenerate. These sustainable practices reflect the
community's deep understanding of the environment and their commitment to maintaining ecological
balance.

Protection Based on Customary Laws and Beliefs

The people of Toraja have long relied on customary laws and beliefs to protect their natural resources
and ensure their sustainable use. These laws specifically prohibit the excessive extraction of natural
resources, particularly from sacred forests, which are considered spiritually significant and are passed
down through generations. In addition to the protection of forests, the use of certain plants, such as
betel leaves (Piper betle) and areca nuts (Areca catechu), is also regulated. These plants hold deep cultural
significance and are integral to wedding and ritual ceremonies. By carefully managing the use of these
plants, the Toraja people prevent overharvesting, ensuring that these resources remain available for
future generations and continue to play a vital role in their cultural practices.

Sustainable Agriculture and Cultivation

The Toraja people practice sustainable agriculture and cultivation through methods that maintain soil
fertility and preserve ecological balance. One such practice is shifting cultivation, where fields are
cultivated for a period and then left fallow to allow the soil to regenerate naturally. This rotation helps
prevent soil depletion and supports long-term agricultural productivity. Additionally, the Toraja people
engage in polyculture, planting a variety of crops such as ubi (Manihot esculenta), Paria (Momordica
charantia), taliki (Carica papaya), Nangka (Artocarpus heterophyllus) and Pana’ (Zingiber officinale) together
in the same fields. This diverse planting approach not only ensures a steady supply of food but also
promotes ecosystem balance by reducing the risk of pests and diseases, maintaining soil health, and
fostering biodiversity within their agricultural landscapes. Through these methods, the Toraja people
sustainably manage their land and resources.

While traditional practices play an important role, modern challenges increasingly threaten the
sustainability of medicinal plant species. Climate change and overharvesting are particularly concerning
for high-demand species with proven medicinal properties, many of which are being collected at
unsustainable rates, leading to population declines. The growing demand from both modern medicine
and commercial markets further intensifies pressure on these plants. In addition, these environmental
changes affect not only the geographic distribution of medicinal plants but also the production of their
bioactive compounds. A study in Indonesia predicts that over half of medicinal plant species could lose
up to 80% of their distribution range by 2050-2080. Heat and drought stress can reduce levels of key
compounds such as flavonoids and essential oils, diminishing both their therapeutic effectiveness and
market availability [146]. Therefore, implementing sustainable harvesting practices and collaborating
with local communities remain essential for developing conservation strategies that integrate traditional
knowledge with modern principles.
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In conclusion, while the Toraja community has a strong tradition of sustainable plant use, modern
conservation efforts and sustainable harvesting practices must be integrated to ensure the long-term
preservation of these plant species. Both conservation strategies, such as in-situ and ex-situ conservation
as well as cultivation practices, and resource management approaches, including good agricultural
practices and sustainable use solutions, should be carefully considered to promote the sustainable use of
medicinal plant resources. It is also recommended that biotechnical approaches, such as tissue culture,
micropropagation, synthetic seed technology, and molecular marker-based methods, be applied to
improve yields and enhance the potency of medicinal plants [145]. Future initiatives could include
collaborating with government and academic institutions to research the status and population trends
of medicinal plant species, developing certification programs or eco-labels for plant products to promote
conservation, and integrating conservation education into local school curricula to equip younger
generations with the knowledge and skills needed to protect plant biodiversity. These initiatives may
also involve educating the younger generation about the importance of sustainable harvesting,
promoting eco-tourism, or collaborating with local authorities and conservationists to protect plant
habitats. Ultimately, sustainable practices should aim to strike a balance between utilizing medicinal
plants for health and ensuring their long-term survival in the wild.

4) Conclusion

This study provides compelling evidence of the medicinal value of plants used by the Toraja people,
linking traditional ethnobotanical knowledge with modern pharmacological understanding. The
identification of key bioactive compounds, such as flavonoids and terpenoids, supports the therapeutic
applications of these plants, showing potential in areas like wound healing, antibacterial, anti-
inflammatory, antidiabetic, antihypertensive, antimalarial, and anticancer effects. While the findings
validate the effectiveness of traditional practices, they also open avenues for further research to explore
the mechanisms behind these compounds' effects. Future studies should focus on the clinical and
pharmacological evaluation of these plants to fully realize their potential in modern medicine.
Additionally, the preservation of both plant biodiversity and the indigenous knowledge associated with
it is crucial to ensure sustainable healthcare solutions and the continued cultural relevance of Toraja's
medicinal practices.
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