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Abstract

Background: Traditional food plants (TFPs) are integral to dietary resilience in Indonesia, yet their consumption dynamics
and potential health links remain understudied. This study aims to document TFPs’ use, examine factors correlated with
consumption, and explore their associations with perceived health and well-being.

Methods: A cross-sectional survey of 335 participants in three socio-ecologically distinct provinces (West Java, West Nusa
Tenggara, Aceh) employed food frequency questionnaires and a standardized self-rated health and well-being survey.
Bivariate correlation and multiple regression analyses were applied to analyze the associations.

Results: We documented 121 TFP species from 49 families. Frequent consumption was most common in West Nusa Tenggara
(61%), followed by Aceh (42%) and West Java (15%), with most TFPs sourced from unmanaged landscapes. Agricultural and
dietary factors were the most consistent correlates of TFP consumption across sites. Associations with well-being varied by
location. In West Java, TFP intake was associated with a mental well-being component (Social Functioning). In West Nusa
Tenggara, it was associated with a mental component (Mental Health) and a physical component (General Health). In Aceh,
an initial association with a physical component (General Health) was not significant after adjusting for confounders.

Conclusions: The relevance of TFPs persists across Indonesia’s diverse socio-ecological settings. As consumption patterns and
perceived benefits of well-being are context-specific, promotion efforts could be locally tailored and coupled with efforts to
protect access to natural habitats.
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Background

Traditional food plants (TFPs), including wild, semi-wild, and locally adapted cultivated species, are integral to food systems
worldwide, especially in rural and Indigenous communities (Bharucha & Pretty 2010, Hunter et al. 2019). They are linked to
greater dietary diversity, improved micronutrient intake, and dietary resilience during environmental or economic stress
(Boedecker et al. 2014, Roche et al. 2008). Amid global dietary simplification and the dominance of a narrow set of staple
crops, interest has grown in leveraging traditional and locally rooted foods to strengthen food security and nutrition, with
TFPs central to this effort (Hunter et al. 2019, Kuhnlein 2014). Many traditional varieties are nutrient-dense and can help
address micronutrient deficiencies, particularly in remote or resource-constrained areas (Flyman & Afolayan 2006, Powell et
al. 2015, Rahayu et al. 2024). Their nutrient profiles—rich in minerals, fiber, vitamins, and fatty acids—make them useful
complements to staple foods (Ahmad & Pieroni 2016, Hunter et al. 2019, Padulosi et al. 2013). Studies from Asia show that
indigenous vegetables can supplement the daily diet and sometimes substitute for commonly consumed vegetables (Ogle et
al. 2001b, Punchay et al. 2020). Several TFPs also have documented biological and pharmacological effects with potential
health benefits (Punchay et al. 2020, Rahayu et al. 2020, 2022, Smith et al. 2019).

In Indonesia, a global biodiversity hotspot with immense cultural diversity, a wide array of edible plant species is embedded
in local knowledge systems and culinary traditions (CBD 2025, Pawera et al. 2020, Rahayu et al. 2024, Sujarwo et al. 2025).
In this diverse landscape, Indonesians are reported to consume at least 900 edible plant species (Walujo 2011). Indonesian
studies consistently demonstrate that TFPs play a crucial role in supporting rural diets across various settings. Examples
include ethnobotanical surveys documenting local food plants in the Rancakalong Subdistrict in West Java (Rahayu et al.
2024), the Hulu Subdistrict in West Kalimantan (Purwayantie & Suryadi 2020), Bali (Sujarwo et al. 2015), and the slopes of
Merapi and Merbabu (Umartani 2021). Market evidence aligns with these findings, as shown by a survey of traditional
markets in East Jakarta, which recorded a wide range of edible plants (Afrianto et al. 2024). Studies of wild edible fruits in
East Aceh and Bengkulu note uses that extend beyond food (Suwardi et al. 2022,2023). While across the Mentawai Islands
and West Sumatra, research records indigenous knowledge of wild food plants alongside evidence of conservation value and
favorable local views (Lee et al. 2021, Pawera et al. 2020).

Despite their documented significance, the contemporary dynamics of TFP use in Indonesia remain largely unexplored.
Beyond TFP inventory and nutritional profiling, the factors influencing their consumption remain poorly understood. Existing
work suggests that use of non-timber forest products, including TFPs, reflects a complex interplay of broad factors, such as
socio-demographic (e.g., age, gender, education), economic (e.g., income, market access), and livelihood characteristics (e.g.,
reliance on agriculture, access to land) (Cooper et al. 2018, Hickey et al. 2016, Termote et al. 2012, Timko et al. 2010).
Furthermore, dietary patterns and cultural food preferences are known to influence consumption choices significantly
(Kuhnlein & Receveur 1996, Monterrosa et al. 2020, Rahayu et al. 2024). However, the factors that matter most are debated
and vary across socio-ecological contexts. For instance, socio-economic status does not uniformly predict TFP use: although
often characterized as ‘foods of the poor,” some settings show greater harvesting or purchasing by wealthier households due
to better access to land, labor, tools, and markets (Angelsen et al. 2014, Mcelwee 2008). Similarly, the influence of market
integration is mixed: in rural Tanzania, greater access coincided with a decline in wild-food use, whereas in parts of West
Africa it created new commercial opportunities (Leite et al. 2024, Olesen et al. 2024). These context-dependent patterns
highlight the need for comparative work to distinguish between general and place-specific influences on consumption.

Another gap concerns the evidence linking TFP consumption to health outcomes. While the nutritional value of many TFPs
is established, empirical research connecting their regular intake to tangible health benefits remains limited (Kennedy et al.
2021, Raneri et al. 2023). This gap is compounded by a narrow focus on physical health, overlooking the broader,
multidimensional nature of health and well-being, including both physical and mental components that TFPs may support.
The relationship between TFPs and well-being is not universal but is shaped by local context. For example, in Tanzania, the
consumption of wild food correlated with self-reported general health in a semiarid region, while in a coastal area, it was
also associated with mental health, influencing emotion and vitality. This disparity is likely tied to differences in wild food
diversity and local context (Sakamoto et al. 2023b). Such context-specificity highlights a dimension that often falls outside
the scope of large-scale public health dietary studies (Kennedy et al. 2021, Raneri et al. 2023). Therefore, more research is
needed that combines ethnobotany and public health to explore how TFP intake relates to different aspects of well-being
within specific socio-ecological contexts (Govindaraju et al. 2018, Sakamoto et al. 2023b, Vajdi & Farhangi 2020).

These research gaps are particularly relevant in Indonesia, given its diverse culture and socio-ecological zones. This study
aims to address these gaps by examining the dynamic use of TFP across contrasting contexts in three Indonesian provinces:
the increasingly urbanized Sundanese region of West Java, the forest-proximate communities of Aceh, and the dryland area
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of West Nusa Tenggara (BMKG 2025, Rahayu et al. 2024, Suwardi et al. 2020a). The research is guided by three specific
objectives: (1) to document the diversity of TFPs incorporated into local diets; (2) to analyze TFP use patterns, including
consumption frequency and acquisition methods, and identify the key factors correlated with their consumption across
different contexts; and (3) to examine the site-specific associations between TFP intake and perceived well-being while
controlling for potential confounders.

Materials and Methods

Study area

The data presented was obtained from surveys in rural areas of three Indonesian provinces representing distinct socio-
ecological settings: Aceh Province (northern Sumatra), West Java Province (western Java), and West Nusa Tenggara (WNT)
Province (eastern Lesser Sunda Islands) (Fig. 1). Aceh represents a forest-adjacent area with strong foraging practice (Suwardi
et al. 2020a), West Java represents a densely populated, increasingly urbanized area (Rahayu et al. 2024), and WNT
represents a dryland agricultural area (Ani et al. 2021, BMKG 2025). We conducted a cross-sectional survey between August
2023 and July 2025, focusing on three regencies selected for their accessibility and the availability of local informants.

In West Java Province, the research took place in the rural highlands of Bandung Barat Regency, focusing on Rongga
Subdistrict (approx. 6°59" S, 107°16' E; 900-1,000 m a.s.l.) (BPS 2024a). This site was chosen as a case study of the rapid
changes in West Java, Indonesia’s most populous and economically developed province (BPS 2024b). The landscape features
rice fields (sawah), mixed gardens (kebun), horticultural and tea plots, and home gardens (pekarangan) on fertile volcanic
soils. The area has a cool, humid tropical climate (mean temperature = 20-22 °C; annual rainfall = 2,500 mm). The study was
conducted among Sundanese communities whose livelihoods are increasingly diverse. While smallholder farming of
vegetables and commercial crops, such as tea, continues, many residents now commute daily or work seasonally in the
manufacturing and service sectors of nearby urban centers. Leafy vegetables are central to Sundanese food culture
(Hernawati et al. 2022). The Sundanese are known for their traditional practice of eating fresh or lightly prepared greens,
called lalapan (lalap/lalab), which often include a diversity of traditional leafy plants. Today, lalapan is sourced from both
household production and local markets, as it has become a staple of Indonesian gastronomy (Rahayu et al. 2024). This
setting illustrates how traditional ecological knowledge and Sundanese culinary practice are maintained while being shaped
by urban market linkages.

Fieldwork in Aceh Province focused on the Tamiang Hulu Subdistrict, including Kaloy and nearby villages on the edge of the
Leuser Ecosystem (approx. 4°3'N, 97°49' E; 60-120 m a.s.l.). This area was chosen to reflect the lives of people residing close
to the forest in one of Sumatra’s key conservation zones (BPS 2024c). The climate is humid tropical, with average
temperatures around 26-27 °C and about 2,800 mm of annual rainfall. The land is covered with lush vegetation on rolling
soil. Villages are dispersed along rivers and around agroforests, with population density significantly lower than in the
lowlands. Land use combines agroforestry gardens, secondary forests, and home gardens. Most residents are smallholder
farmers cultivating rubber, oil palm, and food crops, while continuing to gather wild edible plants from adjacent forest
patches and riparian zones (Suwardi et al. 2020a).

In WNT Province, research was conducted in the subdistricts of Donggo, Lambitu, and Wawo within Bima Regency (approx.
8°8'S, 117°46' E; 319-714 m a.s.l.) (BPS 2024d). This site was selected to represent the distinctive dryland agroecosystems
of the eastern Indonesian islands. The area has a semi-arid climate, with annual rainfall generally below 2000 mm and a
prolonged dry season that often leads to water shortages (Krisnawan et al. 2025, Suriadi et al. 2021). Steep slopes and
heterogeneous geology produce predominantly shallow, stony soils with low fertility. These conditions support dryland
farming systems in which drought-resistant crops such as sorghum and cassava are essential to local diets (Fitrahtunnisa et
al. 2020, Murdhani et al. 2025). Indonesian culinary research notes grilling, boiling/simmering, and steaming as longstanding
methods in the area (Wijaya 2019). This suggests that WNT foodways are closer to eastern Indonesian patterns, which
emphasize non-rice staples and lighter seasoning, rather than to the rice-based, heavily spiced cuisines typical of the western
islands.
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Figure 1. Studied locations in three provinces in Indonesia: West Java, Aceh, and West Nusa Tenggara.

Data Collection

The survey employed a five-module questionnaire, including open-ended sections for ethnobotanical listing and sourcing
practices, as well as modules for consumption frequency (FFQ), socio-demographic and livelihood variables, and standardized
well-being/HRQoL status (SF-12). Prior to survey administration, informed consent was obtained from all participants in
writing after explaining the research objectives, procedures, potential risks, and benefits. The study was conducted in
compliance with the Code of Ethics of the International Society of Ethnobiology (ISE 2008) and received ethical approval from
the Ministry of Health, Bandung Health Polytechnic, Indonesia (No. 05/KEPK/EC/V/2023).

A total of 335 participants were recruited across three provinces: 113 from West Java, 107 from WNT, and 115 from Aceh.
Participants were selected through stratified random sampling to ensure representation across different age groups, genders,
and socioeconomic statuses within each province (Table 1). The inclusion criteria required participants to be adults aged 18
or older and to be residents of the study communities for at least 12 months.

The Food Frequency Questionnaires (FFQs) were employed to gather information on participants’ food plant consumption,
including both TFP and conventional vegetables/fruits (non-TFP). This included free-listing of commonly consumed TFPs (see
TFP listing method below) and their consumption frequency, which was classified into three levels: 4-7 times a week, 2-3
times a week, or once a week or less (Sakamoto et al. 2023b). This ex-situ approach was deliberately chosen to document
plants that were actually consumed rather than merely available in the environment. While this approach typically yields a
smaller species list than in-situ surveys, it provides data on the plants that actually constitute the local diet (Gallois et al.
2021).

To document TFPs consumed by participants in the previous month, we conducted open-ended interviews using a standard
free-listing approach (Silva et al. 2014). Before listing, enumerators introduced the study’s definition of TFPs as edible species
or landraces with a documented and locally recognized history of use and cultural significance in the study communities,
embedded in everyday or ritual foodways, and primarily sourced from surrounding agroecosystems (home gardens, mixed
fields, agroforestry plots, wild and semi-domesticated stands). This definition does not require plants to be “unconventional”
or rare; instead, it emphasizes their locally rooted and culturally meaningful roles. This operationalization aligns with the
literature on traditional/Indigenous food systems and wild/indigenous vegetables, which emphasizes place-based foods from



Ethnobotany Research and Applications 5

local environments that are culturally accepted and acquired through foraging, small-scale cultivation, or mixed management
(Kennedy et al. 2021, Kuhnlein & Chotiboriboon 2022, Luo et al. 2024). For each listed item, participants provided local names
and edible parts. In contrast, throughout the text, vegetables/fruits (used interchangeably with ‘produce,” ‘conventional
vegetables/fruits,” and ‘common vegetables/fruits’) refer to cultivated or market-standard vegetables and fruits (e.g., tomato,
carrots, and cabbage) and are distinct from TFPs.

Plant specimens were collected and subsequently identified at Universitas Samudra, Aceh, and the Herbarium Bandungense
(FIPIA), West Java. The plants were identified by comparing their characteristics with those listed in the literature obtained
from standard sources, such as the Flora Malesiana, Flora of China, and Flora of Java. Scientific nomenclature was updated
in accordance with the Plants of the World Online (POWO 2025).

Acquisition information was gathered separately, at the participant level rather than per plant. Participants could report all
applicable ways they obtain TFPs (e.g., from wild areas, self-cultivated, or purchased). According to the TFP definition in this
study, ‘wild areas’ are broadly defined to include not only natural forests but also managed landscapes such as mixed gardens
and rice-field ridges, where plants grow spontaneously with minimal or no human care (Rahayu et al. 2024).

To gather information on potential factors influencing TFP consumption, we examined a set of socio-demographic, economic,
health, and livelihood variables. Prior studies show that factors such as age, family size, education, occupation, body mass
index (BMI), and chronic iliness can shape dietary choices (Sakamoto et al. 2023b). Economic conditions, including household
expenditure and food assistance, also affect access to traditional foods (Erber et al. 2010). Agricultural practices, such as
home gardening, livestock rearing, and access to agricultural land, influence the local availability of TFPs (Hetherington et al.
2017, Wegenast et al. 2025). Accordingly, we included the following variables in our analysis: age, gender, education level,
occupation, household size, monthly income, source of income (whether a farmer or not), BMI, chronic iliness, consumption
of vegetables and fruits, home gardening, livestock rearing, and access to agricultural land. This set of information was
collected using semi-structured questionnaires.

Well-being assessed in this study is self-rated; therefore, the measure reflects perceived (subjective) well-being. In this study,
we use the terms 'well-being' and 'health and well-being' interchangeably throughout the manuscript to maintain readability
while referring to the same concept. We used health-related quality of life (HRQoL) as a proxy for well-being (Sakamoto et
al. 2023b). HRQoL is increasingly recognized as a crucial indicator of overall health and well-being, complementing objective
medical evaluations (Guyatt et al. 1993). To measure HRQoL, we employed the Short Form-12 (SF-12) questionnaire, a
condensed version of SF-36 (Ware et al. 1995). This instrument is a standard tool for self-reported HRQoL (Zereyesus et al.
2016) and has been validated in the Indonesian context (Wicaksana et al. 2020).

The Short Form-12 has also been instrumental in exploring connections between dietary patterns and HRQoL (Sakamoto et
al. 2023b). The SF-12 questionnaire comprises two components:

1) Physical Component Summary (PCS): Derived from scores related to Physical Functioning, Role Physical, Body Pain, and
General Health.
2) Mental Component Summary (MCS): Derived from scores related to Vitality, Social Functioning, Role Emotional, and
Mental Health.

For a detailed description of HRQoL indicators, refer to Supplementary Table 1.

Table 1. Participant characteristics (n=335).

Variable Descriptive measurements
Mean [SD] or percent
West Java Aceh _\II_\; e;s;gl;l?:a Total
(N=113) (N=115) (N=107) (N=335)
Gender
Man 43% 43% 34% 40%
Woman 57% 57% 66% 60%

Age 45 [14] 39[12] 45 [20] 43 [16]
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BMI 22 3] 22 [6] 23 [3] 22 [4]

Having a chronic illness

No 95% 91% 92% 93%
Yes 5% 9% 8% 7%
Family size 3[1] 5[1] 4[1] 411]

Education level

None 3% 16% 0 7%
Primary school 71% 31% 13% 39%
Middle school 19% 34% 5% 19%
High school 4% 16% 70% 29%
Higher than HS 3% 3% 12% 6%

Source of income

Non-farmer 25% 66% 48% 46%

Farmer 75% 34% 52% 54%
Household expenditure 1929 [902] 840 [553] 585 [235] 1126 [857]
(in k IDR)

Vegetables /fruits
consumption

Low 27% 8% 38% 24%
Moderate 22% 44% 5% 24%
High 51% 48% 57% 52%

Home gardening
No 36% 77% 67% 60%
Yes 64% 23% 33% 40%

Livestock rearing
No 62% 89% 78% 76%
Yes 38% 11% 22% 24%

Agricultural land access
No 21% 68% 47% 45%
Yes 79% 32% 53% 55%

Data Analysis
Data were analyzed using SPSS Statistics version 25. Descriptive statistics summarized TFP diversity, consumption patterns,
and acquisition methods.

The consumption frequency was interpreted as follows: ‘4 to daily a week’ as high or frequent, 2-3 times’ a week as
moderate, and ‘once a week or less’ as low. Chi-square tests examined geographic differences in the frequency of TFP
consumption.

Acquisition methods were analyzed by grouping reported sources into five initial categories: (1) harvested from wild areas,
(2) self-cultivated in home gardens, (3) purchased, (4) received as gifts, or (5) combinations of these. Since the ‘gift’ category
never appeared on its own, and one source was overwhelmingly more common than the others, we simplified into a three-
level categorization: (1) harvested from wild areas, (2) self-cultivated in home gardens, and (3) purchased.

To examine bivariate correlates of TFP consumption, we used non-parametric tests. Spearman’s rank correlation was applied
when the correlate was continuous or ordinal (e.g., age, education level, household size, income), and Chi-square tests (x?)
were used for dichotomous variables (e.g., gender, occupation, access to livestock and agricultural land). We also assessed
bivariate associations between TFP consumption and each HRQoL domain using Spearman’s rank correlation. For HRQoL
domains that showed significant correlations with TFP consumption, we then performed multivariate linear regression to
determine whether the association persisted after controlling for potential confounders, including age, BMI, education level,
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chronic illness, dietary patterns, and livelihood characteristics. The variance inflation factor (VIF) for all variables was below
10, indicating no significant multicollinearity. All analyses used two-tailed tests with a significance level of p < 0.05.

Results

Diversity of TFPs

Across the three study areas, the survey documented 36 TFP species in Aceh, 58 in West Java, and 60 in WNT that were part
of local diets. After accounting for overlap among the areas, a total of 121 TFPs from 49 families were listed (Supplementary
Table 2), with the top 50 most commonly consumed listed in Table 2. The most diverse plant families were Cucurbitaceae
and Fabaceae, each contributing 12 species. These are followed by Moraceae and Solanaceae (each with eight species),
Asteraceae (six species), and Myrtaceae (five species). Amaranthaceae, Arecaceae, and Zingiberaceae each included four
species, while all other families contributed three or fewer species. Fruits and leaves were the most frequently consumed
parts (43% and 31%, respectively), followed by other parts consumed in smaller proportions (each ranging between 1-5%),
such as flowers, aerial parts, rhizomes, shoots, whole plants, fruiting bodies, and mixed combinations (e.g., fruits and flowers,
leaves and stems, leaves and fruits).

In WNT, participants often mentioned staple tubers such as Colocasia esculenta (talas), Ipomoea batatas (ubi jalar), and
Manihot esculenta (singkong), as well as vegetables such as Moringa oleifera (kelor), Momordica charantia (pare), and
Amaranthus hybridus (bayam). In West Java, leafy greens were frequently cited, including Sicyos edulis (labu siam, aerial
parts), Cnidoscolus aconitifolius (daun gedang jepang), Crassocephalum crepidioides (sintrong), and Pilea melastomoides
(pohpohan). In Aceh, forest fruits such as Artocarpus integer (cempedak), Musa acuminata (pisang hutan), and Durio
zibethinus (durian) were commonly reported, alongside vegetables such as Stenochlaena palustris (pakis), Solanum torvum
(tekokak), Etlingera elatior (kecombrang), and Coccinia grandis (timun hutan). Eight species were consistently reported in
all three areas, forming a common set of vegetables and spices: M. charantia, S. edulis, M. esculenta, Vigna unguiculata,
Cocos nucifera, Capsicum annuum, Curcuma longa, and Zingiber officinale.

TFP use patterns

Consumption frequency was categorized as high (4 times or more in a week), moderate (2-3 times a week), and low (weekly
or less) (see Methods). As shown in Fig. 2, we found differences in TFP consumption frequency across the study areas (x? (4,
N = 335) = 62.05, p < 0.001). High frequency consumption was common in WNT (61%), followed by Aceh (42%) and West
Java (15%). At the moderate level, West Java accounted for the largest proportion (33%), with Aceh contributing 28% and
WNT only 4%. For low consumption, West Java contributed the largest share (52%), followed by WNT (35%) and Aceh (30%).
Across all sites, when moderate and high consumption are combined, at least half of households in each province consumed
TFPs at least moderately (2-3 times per week).

Regarding the acquisition method, about 87% (N = 293) of participants reported at least one way to obtain TFP. Fig. 3
illustrates the acquisition method, excluding the ‘none’ response (13%, N=42). In all three provinces, from the wild’ was the
dominant way to obtain TFPs, reported by 109 participants (~¥97%) in West Java, 71 participants (~80%) in WNT, and 84
participants (~91%) in Aceh. Cumulatively, ~90% of participants across the three study sites gathered TFP that grew naturally
in forests, kebun (mixed gardens), and pematang sawah (rice-field ridges). A smaller proportion of participants relied on
self-cultivation or purchase, which make up ~8% and ~2% of the total participants, respectively. The detailed breakdown of
habitats and combinations is provided in Supplementary Materials, Fig. S1.

TFP consumption correlates

Table 3 shows the bivariate associations between TFP consumption and potential correlates. Only significant associations
are presented. Across sites, being a farmer (x? = 10.934 in West Java, x? = 8.019 in WNT, and x? = 6.479 in Aceh), livestock
rearing (x* = 40.818 in West Java, x2 = 16.310 in WNT, and x? = 8.503 in Aceh), and consumption of common vegetables/fruits
(p=0.652in WNT, and p = 0.596 in Aceh ) were significantly associated with TFP consumption. However, in West Java, higher
vegetable/fruit consumption was associated with lower TFP intake (p =-0.679). In West Java and Aceh, home gardening (x?
=11.435 in West Java and x? = 33.934 in Aceh) and access to agricultural land (x? = 15.779 in West Java and x? = 8.542 in
Aceh) were associated with higher TFP consumption. Expenditure was significantly correlated in WNT (p = 0.553) and Aceh
(p = 0.220). Higher education level was associated with lower TFP consumption in West Java (p = -0.235), while higher BMI
was associated with higher TFP consumption in Aceh (p = 0.625). Overall, agricultural and dietary factors appeared as the
most consistent correlates of TFP consumption, while education, BMI, and expenditure showed site-specific effects. No
significant associations were observed for gender, age, or chronic illness (p > 0.05).
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Table 2. The top 50 traditional food plants are most commonly used in the local diet across the three sites.

Family Scientific name Local name Edible part Location (citation frequency)

Amaranthaceae Amaranthus hybridus L. Nadu?, bayam* Leaves WNT (54)

Amaranthaceae Amaranthus spinosus L. Bayam duri3#, bayam liar2 Leaves Aceh (7), WJ (10)

Apiaceae Centella asiatica (L.) Urb. Antanan?, pegagan* Leaves WJ (46)

Apiaceae Eryngium foetidum L. Welang?, walanggeni* Leaves WJ (71)

Araceae Colocasia esculenta (L.) Schott Talas merah3, ntala?, talas* Whole part Aceh (10), WNT (90)

Araliaceae Hydrocotyle sibthorpioides Lam. Antanan beurit? Leaves WJ (13)

Arecaceae Calamus caesius Blume Rotan34 Young shoots Aceh (33)

Arecaceae Cocos nucifera L. Kelapal23.4 Fruits WNT (38), WJ (26), Aceh (27)

Aspleniaceae Stenochlaena palustris (Burm.) Bedd. Pakis34 Aerial parts Aceh (51)

Asteraceae Acmella ciliata (Kunth) Cass. Jotang?4 Aerial parts WJ (12)

Asteraceae Crassocephalum crepidioides S. Moore Sintrong24 Leaves WJ (65)

Asteraceae Emilia sonchifolia (L.) DC. Jonge? Leaves WJ (22)

Asteraceae Sonchus arvensis L. Camawak/lampenas? Leaves WJ (17)

Brassicaceae Rorippa indica (L.) Hiern KamanilanZ2 Leaves WJ (50)

Convolvulaceae Ipomoea aquatica Forssk. Kangkung merah34, laral Aerial parts Aceh (4), WNT (30)

Convolvulaceae Ipomoea batatas (L.) Lam. Hui?, ro'o uwi?, ubi4 Leaves WNT (tubers: 85, leaves: 64), W)
(tubers: 15, leaves: 35)

Cucurbitaceae Coccinia grandis (L.) Voigt Timun hutan34 Fruits Aceh (33)

Cucurbitaceae Cucurbita moschata Duchesne Pondal, labu kuning?* Fruits WNT (7), Aceh (16)

Cucurbitaceae Cucurbita pepo L. Labu3 Fruits Aceh (7)

Cucurbitaceae

Cucurbitaceae
Euphorbiaceae
Euphorbiaceae

Fabaceae
Fabaceae
Fabaceae
Fabaceae

Hydrocharitaceae

Momordica charantia L.

Sicyos edulis Jacq.

Cnidoscolus aconitifolius (Mill.) 1.M. Johnst.

Manihot esculenta Crantz

Cajanus cajan (L.) Huth

Parkia speciosa Hassk.

Psophocarpus tetragonolobus (L.) DC.
Vigna unguiculata (L.) Walp.
Limnocharis flava (L.) Buchenau

prial, paria?, peria3, pare*

Waluh?, labu siam#
Gedang jepang?, pepaya jepang*
Sampeu?, ro'o bojo?, singkong?*

Hiris?

Petai34

Jaat/kicipir2, kecipir®
Buel, kacang panjang?*
Bang eng?, genjer234

Leaves, fruits

Aerial parts
Leaves
Leaves, tubers

Fruits

Fruits/ seeds

Fruits

Fruits, young leaves
Aerial parts

WNT (fruits: 97, leaves:29), WJ
(4), Aceh (3)

WNT (34), WJ (113), Aceh (5)
Wi (78)

WIJ (leaves: 93), WNT (tubers:80,
leaves:10, Aceh (tubers: 4)

Wi (14)

Aceh (26)

Wi (63)

WNT (20), Aceh (15), WJ (10)
WI (70), Aceh (5)



Malvaceae
Malvaceae
Moraceae
Moraceae
Moraceae
Moraceae
Moraceae
Moringaceae
Musaceae
Phyllanthaceae
Poaceae

Poaceae
Pontederiaceae
Rubiaceae
Solanaceae
Solanaceae
Solanaceae
Solanaceae
Urticaceae
Zingiberaceae
Zingiberaceae

Zingiberaceae
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Abelmoschus esculentus (L.) Moench
Durio zibethinus L.

Artocarpus heterophyllus Lamk
Artocarpus integer (Thunb.) Merr.
Artocarpus altilis (Parkinson) Fosberg
Artocarpus altilis (Parkinson) Fosberg
Ficus virens Aiton

Moringa oleifera Lam.

Musa acuminata Colla

Breynia androgyna (L.) Chakrab. & N.P. Balakr.

Dendrocalamus asper (Schult. & Schult. f.)
Backer

Saccharum x edule Hassk.
Pontederia vaginalis Burm.f.
Canthium horridum Blume
Capsicum annuum L.

Solanum americanum Mill.
Solanum melongena L.

Solanum torvum Sw.

Pilea melastomoides (Poir.) Wedd.
Curcuma longa L.

Etlingera elatior (Jack) R.M.Sm.

Zingiber officinale Roscoe

Bameal, okra*

Durian34

Nagga dori3, nangka*
Cempedak3*

Sukun34

Kelewih?*, kluwih4

Bunut?

Kelorl.24

Kahuntu kalo?, pisang hutan34
Katuk?4, kambesil

Kakando3, rebung?*

Turubuk?

Eceng?

Cingcau?, cincau hutan*
cabeLL&4

Leuncaz4

Kadui mbolo?, terong bulat*
Takokak?, rimbang/tekokak?
Pohpohan24

Kunyitl.2.34

Kecombrang3, honjeZ,
kecombrang*

Jahel234

Fruits

Fruits

Young fruits
Fruits

Fruits

Fruits

Young leaves
Leaves
Flowers/ blossoms
Leaves

Shoot

Flowers bud

Aerial parts

Leaves

Fruits

Fruits, young leaves
Fruits

Fruits

Leaves

Rhizomes

Flowers

Rhizomes

WNT (10)

Aceh (72)

WNT (14), Aceh (5)
Aceh (57)

Aceh (44)

Wi (20)

Wi (31)

WNT (109), WJ (3)
WNT (19), Aceh (45)
WI (6), WNT (23)
WNT (6), Aceh (15)

WJ (28)

WJ (66)

WJ (37)

WNT (31), WJ (46), Aceh (38)
W (52)

WNT, Aceh (13)

WJ (73), Aceh (42)

WJ (42)

WNT (36), WJ (30), Aceh (24)
Aceh (9), W (31)

WNT (24), WJ (45), Aceh (20)

Note: Data were collected in communities speaking 'Bahasa Mbojo (Nggahi Mbojo, Bimanese; eastern Sumbawa, West Nusa Tenggara), 2Bahasa Sunda (Sundanese; West Java),

and 3Bahasa Aceh (Basa Acéh, Acehnese; Aceh Province, Sumatra). When available, the names of TFPs in 4Indonesian were also recorded.

WNT: West Nusa Tenggara; WJ: West Java. *Non-seeded type (sterile).
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Total 3 regions (N=335)
Aceh (N=115)

West Nusa Tenggara (N=107)
West Java (N=113)

0% 20% 40% 60% 80% 100%

% Participant

W Low: Eat once a week or less m Moderate: Eat 2-3 times a week

Figure 2. Traditional food plants’ consumption frequency in the studied locations in West Java, West Nusa Tenggara, and
Aceh.

Total (N=293)
Aceh (N=92)
WNT (N=89)

WJ (N=112)

0% 20% 40% 60% 80% 100%
% Participant

m Wild mSelf-grow mBuy

Figure 3. Traditional food plants’ acquisition methods (excluding 'none' responses) in studied locations in West Java (N=112),
West Nusa Tenggara (N=89), and Aceh (N = 92).

Table 3. Summary of variables showing significant bivariate associations between TFP consumption and socio-
demographic/livelihood factors across the three study locations: West Java (N = 113), West Nusa Tenggara (N = 109), and
Aceh (N = 115).

Location Variable Value (p/x?) p value
West Java Education level -0.235 0.012
aBeing farmer 10.934 0.004
Vegetables/fruits -0.679 0.000
consumption
aHome gardening 11.435 0.003
alivestock rearing 40.818 0.000
aAgricultural land access 15.779 0.000
West Nusa aBeing farmer 8.019 0.018
Tenggara
Expenditure 0.553 0.000
Vegetables/fruits 0.652 0.000

consumption
alivestock rearing 16.310 0.000
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Aceh BMI 0.625 0.000
aBeing farmer 6.479 0.039
Expenditure 0.220 0.018
Vegetables/fruits 0.596 0.000
consumption
aHome gardening 33.934 0.000
alivestock rearing 8.503 0.014
aAgricultural land access 8.542 0.014

Note: Only significant associations (p < 0.05) are presented. Variables indicated with superscript (2) were tested using Chi-
square (x?); all others were tested using Spearman’s rank correlation (p).

Associations between TFP consumption and perceived well-being

Bivariate analysis revealed site-specific associations between TFP consumption and indicators of perceived well-being
(HRQoL) (Table 4). Only statistically significant results (p < 0.05) are reported here. In West Java, a strong positive correlation
was observed with Social Functioning (SF) (p = 0.71), a mental component of well-being. In WNT, positive correlations ranging
from weak to moderate were identified with two physical components, Bodily Pain (BP) (p = 0.37) and General Health (GH)
(p = 0.60), as well as two mental components, Vitality (VT) (p = 0.37) and Mental Health (MH) (p = 0.57). In Aceh, a negative
correlation was found with Physical Functioning (PF) (p =-0.35), while weak positive correlations were observed with GH (p=
0.20 and with the mental component Role of Emotional (RE) (p = 0.20). The score of the perceived health and well-being
assessment (HRQoL scale) using the SF-12 is presented in Supplementary Table 3.

Table 4. Bivariate correlation between TFP consumption and self-assessed well-being (HRQoL as proxy) (N=335).

HRQol indicators TFP consumption
West Java West Nusa Tenggara Aceh
N=113 N=107 N=115

Physical Component Summary/PCS
Physical functioning (PF) - - -0.35**
Role of physical functioning (RP) - - -
Bodily pain (BP) - 0.37** -

General health (GH) - 0.60"" 0.20"

Mental Component Summary/MCS

Vitality (VT) - 0.37** -
Role of emotion (RE) - - 0.20*
Social functioning (SF) 0.71™" - -
Mental health (MH) - 0.57** -

Note: HRQoL: Health-Related Quality of Life. The values represent Spearman’s Rho (p) correlation coefficients between TFP
consumption and HRQol indicators; Strong correlation: 0.7 < p < 0.9; moderate correlation: 0.5 < p < 0.7; weak correlation:
p <0.3. * and **indicate significance at 0.05 and 0.01.

Subsequent multivariate analysis, controlling for age, BMI, education, chronic iliness, diet, and livelihood (Table 5), revealed
site-specific patterns. In West Java, the association between TFP consumption and SF remained significant (B = 0.366, p <
0.001), alongside vegetable/fruit consumption. In WNT, TFP consumption independently predicted both MH (B = 0.349, p =
0.001) and GH (B =0.461, p < 0.001), in addition to age and expenditure. By contrast, BP and VT, which had shown significant
associations in the bivariate analysis, were no longer significant after adjustment. In Aceh, the positive bivariate association
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with GH reversed direction (B = -0.311, p = 0.009), reflecting confounding by age and BMI. PF and RE, which had been
significant in the bivariate correlations, also lost significance after adjustment.

Table 5. Summary of TFP consumption’s significance in multivariate models (adjusted for confounders).

Location HRQolL Bivariate association with Multivariate result for  Other significant predictors
Domain TFP consumption TFP consumption
West SF Yes (R=0.71, p<0.01) Remains significant Vegetables/fruits (B = -0.363, p < 0.001)
Java (B=0.366, p <0.001)
West BP Yes (R=0.37,p<0.01) Not significant Age (B =-0.243, p =0.031)
Nusa Being farmer (B = 0.210, p = 0.038)
Tenggara
GH Yes (R=0.60, p < 0.01) Remains significant Age (B =-0.259, p =0.007),
(B=0.461, p <0.001) Expenditure (B =0.171, p = 0.047)
VT Yes (R=0.37,p<0.01) Not significant —
MH Yes (R=0.57, p<0.01) Remains significant —
(B =0.349, p = 0.001)
Aceh PF Yes (R=-0.35, p <0.01) Not significant Age (B =-0.318, p = 0.004)
Chronicillness (B = -0.214, p = 0.015)
GH Yes (R=0.20, p < 0.05) Significant but negative Age (§ =-0.219, p =0.043)

(B=-0.311, p=0.009) BMI (B = -0.464, p < 0.000)
Education (B = 0.314, p = 0.006)
Vegetables/fruits (§ = 0.301, p = 0.002)

RE Yes (R=0.20, p < 0.05) Not significant Age (B =-0.433, p < 0.000)

Discussion

Diversity of TFPs

Our survey identified 121 species across 49 families, indicating the resilience of TFP use in local food systems. Comparable
Indonesian studies reported 52 unconventional food plants in Rancakalong, West Java, 85 wild food plants in Pasaman, West
Sumatra (Pawera et al. 2020), 86 indigenous vegetables in Bali (Sujarwo et al. 2015), and 96 species in Kapuas Hulu, West
Kalimantan (Haryanti & Diba 2015). In Southeast Asia, similar inventories documented 83 species in rural Southern Shan
State, Myanmar (Shin et al. 2018), 110 species in Laos (tuczaj et al. 2021), and 69 species in the Philippines (Ong & Kim 2017).
Although the total number of species recorded across all sites in this study exceeds those reported in previous research, the
per-site counts (36 in Aceh, 58 in West Java, and 60 in WNT) are consistent with or lower than single-site inventories. This
outcome is consistent with our use of the FFQ, an ex situ elicitation method that records the species actually consumed
during the recall period. Such methods generally yield shorter species lists than in-situ approaches, for example, ‘walk-in-the-
woods’ surveys (Gallois et al. 2021, Quinlan 2005).

The high representation of Cucurbitaceae and Fabaceae, each contributing 12 species, highlights their significance in
Indonesian and mainland Southeast Asian food systems. These families are valued for nutritional density, ease of cultivation,
and resilience in home gardens and poor soils (Ebert 2014, Rahayu et al. 2024, Saensouk et al. 2025). In Java’s Madurese
community, Fabaceae have the greatest diversity, with species such as Vigna unguiculata (cowpea/kacang tunggak),
Psophocarpus tetragonolobus (winged bean/kecipir), and Tamarindus indica (tamarind/asam) commonly grown as intercrops
in traditional Taneyan Lanjang home gardens (Setiani et al. 2022). In East Aceh’s coastal community, Cucurbitaceae is the
most commonly used plant family in cooking (Nursamsu et al. 2025). Across sites, fruits (43%) and leaves (31%) are the most
consumed plant parts, which aligns with their ease of harvest and suitability for local tastes. This pattern is similar to what
other food ethnobotanical studies in Indonesia (Adnan et al. 2023, Hernawati et al. 2022, Lee et al. 2021, Navia et al. 2020,
Rahayu et al. 2024, Sujarwo et al. 2025) and elsewhere (Pinela et al. 2017, Reyes-garcia et al. 2005, Wang et al. 2023, Zhang
& Zhao 2020) have found. Although less common, people also use flowers, shoots, rhizomes, and mixed plant parts, reflecting
detailed local knowledge. For instance, coconut heart (humut) is eaten as a seasonal delicacy in West Java (Rahayu et al.
2024).

Geographic differences in consumed-species diversity suggest that ecological conditions, livelihood strategies, and culinary
traditions primarily determine food-plant use, rather than random foraging (Cruz et al. 2013, Ickowitz et al. 2016, Iskandar
et al. 2023, Kuhnlein et al. 2009). In West Java, frequent consumption of leafy greens such as Pilea melastomoides,
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Cnidoscolus aconitifolius, and Limnocharis flava aligns with the Sundanese lalapan tradition, which favors fresh greens,
potentially influencing demand for a wide variety of edible leaves (Hernawati et al. 2022). In WNT, diets focus on starchy
staples like Colocasia esculenta and Ipomoea batatas, as well as resilient leafy vegetables such as Moringa oleifera. These
plants are well-suited to the area’s long dry season and unpredictable rainfall, primarily affected by the El Nifio Southern
Oscillation (ENSO) (BMKG 2025, Kirono et al. 2016). Such conditions are known to favor drought-tolerant species, including
M. oleifera (Mashamaite et al. 2024, Vijayaragavan et al. 2025) and taro cultivars like Colocasia esculenta (Gananga et al.
2018, Zhang et al. 2024). In Aceh, there is greater reliance on forest-proximate TFPs, especially wild fruits such as Artocarpus
integer, Musa acuminata, and Durio zibethinus, as well as edible fern and rattan shoots. This corroborates other studies in
the area that document a wide variety of native edible fruits and ongoing foraging in forested areas (Adnan et al. 2023,
Suwardi et al. 2020b,2022). Similar forest-proximate diets with many wild fruits have been documented in eastern Bhutan,
illustrating how forest access shapes TFP selection in daily diets (Yangdon et al. 2022).

The overlaps revealed a small set of widely shared TFP species, which are mostly spices. Chili (Capsicum annuum), turmeric
(Curcuma longa), ginger (Zingiber officinale), and coconut (Cocos nucifera) form the base of many dishes across the
archipelago. Indonesian cuisines are structured around spice pastes (bumbu), with chili central to sambal (chili paste)
varieties, and turmeric and ginger used in many soups, curries, and herbal drinks (Estiasih et al. 2025, Fadiati et al. 2019,
Surya & Tedjakusuma 2022). Coconut is equally foundational, appearing in dishes from Acehnese kuah pliek u, a fermented
coconut-based soup, to Bimanese mangge mada, which uses banana blossom in fresh coconut milk (Akbar et al. 2024, Khathir
et al. 2023). These widely used species are easy to cultivate and broadly available in markets (Rahmat et al. 2021), supporting
their consistent use across sites. Our findings indicate that while a core of widely cultivated spices provides a common culinary
foundation across Indonesia, the overall diversity of TFPs consumed is likely shaped by local ecology and food culture.

Patterns and correlates of TFP consumption

Global comparative works have demonstrated the context-specific use of traditional foods while also highlighting their shared
importance (Bharucha & Pretty 2010, Kuhnlein et al. 2009). Accordingly, this study found differences and commonalities in
TFP use patterns across sites. TFP consumption levels displayed distinct geographical patterns, with high-frequency users (at
least four times a week) highest in WNT and lowest in West Java, which may reflect variations in local food environments
(Sibhatu & Qaim 2018). However, when ‘moderate’ and ‘high’ categories are combined, TFP consumption is common among
the study population in all three sites, as at least half of the participants reported moderate or higher intake. Our previous
work in the Sumedang subdistrict of West Java also found that about 50% of participants consumed unconventional food
plants two to three times per week, corresponding to the ‘moderate’ category in the present study (Rahayu et al. 2024). That
many households consume TFPs several times per week suggests their continued relevance to the local diet, despite
differences in socio-ecological settings. Wild and traditional foods remain important not only in agrarian and indigenous
systems (Bharucha & Pretty 2010, Kuhnlein et al. 2009, Sakamoto et al. 2023a) but also in managed landscapes, such as
paddy margins and home gardens in Southeast Asia (Cruz-Garcia & Price 2014; Pawera et al. 2020). They are also present in
urban and market settings, where wild species are still foraged and sold (tuczaj et al. 2022; Sardeshpande et al. 2021).

The three study sites also shared a common sourcing pattern. Over 80% of participants collected non-cultivated TFPs from
minimally managed places such as forests, kebun (mixed gardens), and pematang sawah (rice-field margins), referred to as
‘wild areas’ in this study. Although it was not reported in this study, households in rural Indonesia and elsewhere sometimes
bring favored ‘wild’ species into home gardens to secure yield and ready access, which blurs the wild-cultivated boundary
(Bvenura & Afolayan 2015, Hernawati et al. 2022, Pawera et al. 2020, Rahayu et al. 2020,2024, Septiani et al. 2020). Even so,
across Southeast Asia and beyond, TFPs are gathered mainly from non-cultivated or unmanaged habitats (e.g., forests,
hedgerows, fallows, and field bunds), rather than from planted plots (Adnan et al. 2023, Aryal et al. 2018, Cruz-Garcia & Price
2011, Luo et al. 2019, Rahayu et al. 2024). Our findings, along with these studies, suggest that wild and unmanaged spaces
remain central sources of food, especially in remote and marginalized areas. Evidence from Southeast Asia also shows that
when access to these landscapes is restricted by commercial agriculture or strict protection, wild-food use and diet quality
decline (Broegaard et al. 2017). Global assessments further conclude that biodiversity, including wild food species and their
habitats, is indispensable to food security (Pilling & Bélanger 2019). Thus, conserving these areas and securing community
access is likely vital.

Factors associated with TFP consumption varied across the sites (Table 3). Indicators of land-based livelihoods, such as
farming, livestock rearing, home gardening, and access to agricultural land, were associated with higher TFP intake across
sites. Associations between TFP use and home gardening, as well as between TFP use and access to agricultural land, were
evident in West Java and Aceh. Given that most TFPs are gathered in unmanaged lands, both land assets may simply indicate
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greater engagement with surrounding landscapes, rather than sources. Comparable patterns were reported in Indonesia and
northern Thailand, where villagers opportunistically gather wild plants along roadsides and trails on the way to fields or
grazing areas (Rahayu et al. 2024, Roth 2004). Interestingly, these associations were not observed in WNT, where high overall
use may leave slight between-household variation. The drier, more seasonal conditions in WNT may also help explain
widespread reliance on uncultivated plants from unmanaged areas, which could make TFP use common regardless of garden
or land access. Studies from seasonally dry settings in Timor Leste, Northeast Thailand, and Yunnan (among the Naxi people)
have demonstrated that reliance on wild foods rises when rainfall is low or during the dry months (Erskine et al. 2015,
Moreno-Black & Somnasang 2000, Zhang et al. 2016).

Across sites, the association between TFP intake and vegetable/fruit consumption is statistically significant, but the direction
differs by context. In Aceh and WNT, the association was positive. Households that eat more vegetables and fruits (produce)
also use more TFPs, suggesting a complementary pattern of use in the local diet. Despite their limited role in energy intake,
wild and TFPs can help enhance dietary diversity and micronutrient intake, particularly in the diets of rural and Indigenous
communities (Boedecker et al. 2014, Borelli et al. 2020, Mishra et al. 2021, Ogle et al. 2001a, Powell et al. 2015). In these
settings, they are used alongside staple crops or commonly cultivated vegetables, typically as side dishes and seasonal
additions, rather than as substitutes. A related diet indicator also points in the same direction in Aceh: BMI was positively
associated with TFP intake. Considering that 37% of participants were underweight in Aceh (vs. 7% in West Java and 6% in
WNT) (Supplementary Table 4), this pattern suggests that TFPs could be directed toward efforts to address undernutrition in
the area. In West Java, by contrast, higher produce intake is linked with lower TFP use. This association may indicate a
substitution (as opposed to ‘complementary’) by common produce in a more market-oriented setting. West Java is among
Indonesia’s most urbanized and economically developed areas, with deep market integration (Rahayu et al. 2020,2024). Our
supplementary data shows 82% of participants obtained vegetables/fruits mainly by buying (Fig. S1). This context helps
explain why West Java has the lowest share of frequent TFP users, aligning with broader evidence on dietary modernization,
where increased market exposure often shifts consumption away from traditional foods (Colozza & Avendano 2019, Pawera
et al. 2020, Zimmerer & Haan 2017). A parallel pattern in West Java is that education was negatively associated with TFP
intake, acting as a proxy for market exposure and reinforcing the substitution seen with higher produce intake. Education
shows a similar negative association only in West Java, which may also reflect greater exposure to purchased foods among
more educated households, and is consistent with the substitution seen with higher produce intake.

Contrarily, expenditure was positively associated with TFP intake in WNT and Aceh. The association indicates that TFP use is
not confined to the poorest households; participants with greater purchasing power also reported higher intake. This
contrasts with the view that traditional or wild foods are mainly famine food or poor people’s food (Deaconu et al. 2021).
Similar findings have been reported elsewhere, where wild foods and environmental products contribute to diets and
livelihoods not only among the poorest but also across wealth groups, reflecting cultural values and dietary preferences in
addition to coping (Angelsen et al. 2014, Duguma 2020). Given the positive association with expenditure, it suggests that
when TFPs are accessible and appealing in the market, households with more purchasing power may be more likely to choose
them. Market-based strategies in promoting TFP use may therefore be effective in WNT and Aceh, while messaging and
interventions should avoid framing TFPs as only safety-net foods. In West Java, however, education-linked preferences
matter more than purchasing power, so that the effort could focus on knowledge transmission and desirability.

Linking TFP consumption and perceived well-being

Our findings contribute to the growing body of evidence on the role of TFP in Indonesia’s food and public health system.
Building on prior work that documents the nutrient value (Rahayu et al. 2024), we observe that higher TFP intake is also
associated with perceived well-being, suggesting benefits that extend beyond diet. We also found that the link between TFP
consumption and perceived well-being is context-dependent, echoing Tanzania’s report, where associations with wild-food
intake differed across semi-arid, forest-proximate, and peri-domestic settings (Sakamoto et al. 2023b).

In West Java, TFP intake showed a strong, positive association with Social Functioning (SF), an MCS domain that measures
how health impacts social activities (Ware et al. 1995). Ethnographic data in Sumedang Subdistrict suggest that TFP use was
motivated by personal and social factors rooted in Sundanese food culture (Rahayu et al. 2024). For instance, the tradition
of eating lalapan, fresh raw vegetables, is both dietary and social (Hernawati et al. 2022, Rahayu et al. 2024). At botram, the
Sundanese potluck-style feast, lalapan or TFP-based dishes are often shared. Such commensality has been described as
reinforcing kinship and neighborhood ties, with shared foods serving as a form of social capital (Bourdieu 1986, Fischler
2011). Similar communal dining traditions across Indonesia, such as the Javanese slametan, North Sulawesi pesta feasts, and
Sasak begibung, also show how food maintains collective bonds (Koentjaraningrat 1985, Sukenti et al. 2016, Weichart 2008).
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Our field observations are consistent with this, illustrating how TFPs may facilitate social interaction. For example, a weekly
makeshift market appeared in front of the kantor kecamatan (subdistrict office), where residents obtained TFPs and engaged
in informal exchanges. Given TFP’s social embeddedness in eating traditions and local market practices, the association
between TFPs and SF in West Java may reflect social dynamics rooted in local culture (Rahayu 2024). Doran (2024) and Wang
et al. (2024) link culturally embedded foods to subjective well-being through identity and shared meaning, with less emphasis
on functional capacity. For West Java, this association suggests that supporting TFP-based communal traditions could help
to bolster social well-being.

In WNT, TFP intake showed strong associations with both General Health (GH; a PCS domain) and Mental Health (MH; an
MCS domain). These associations persisted after adjusting for confounders such as expenditure, occupation, and dietary
factors, indicating that TFP intake is an independent predictor of well-being. This suggests that in WNT, regular TFP use may
support both physical and mental aspects of well-being (Boedecker et al. 2014, Kuhnlein et al. 2009, Roche et al. 2008,
Sakamoto et al. 2023b). While causality cannot be inferred, these associations are consistent with WNT’s distinctive TFP use
pattern, characterized by the frequent consumption (the highest across sites) of nutrient-dense species collected from
unmanaged habitats. In this harsher, drier environment, TFPs such as kelor (M. oleifera), ubi (/. batatas), and pare (M.
charantia) may serve as a nutritional buffer. Many wild or TFPs are not only rich in micronutrients but also have recognized
medicinal uses (de Medeiros et al. 2021, Pinela et al. 2017). For example, the popularly consumed M. oleifera is reported to
be a source of protein, fiber, iron, and vitamin C, with a particularly high calcium content (Rahayu et al. 2024). It is also used
simultaneously for toothaches and headaches (Rahayu et al. 2020). Thus, TFPs may have helped maintain physical health
directly through dietary improvements and medicinal properties. The link to MH is more challenging to interpret. It is unclear
whether TFP intake directly impacts mental health. Routine exposure to nature while foraging and the self-reliance gained
from utilizing local resources could potentially reinforce psychological resilience, which might be linked to better MH scores
(Blanchet et al. 2021, Rosa et al. 2021). However, it is equally plausible that individuals with better health assessments (higher
GH and MH scores) are more able to forage for TFP. Regardless of the reasons and outcomes, the significant association
between these multiple domains of well-being in WNT underscores the importance of safeguarding access to these plants,
including encouraging the cultivation of drought-resistant varieties.

Aceh presented a more complex picture. In the bivariate models, TFP consumption was positively correlated with GH and
Role of Emotional (RE; an MCS domain). After adjustment, these links disappeared, and the GH coefficient turned negative
(B =-0.311, p = 0.009; Table 5). In Tanzania, Sakamoto et al. (2023b) reported a similar negative association in areas where
wild foods grow near homes, possibly reflecting exposure to toxic species and to soil or water contamination around
households. Since such hazards were neither observed nor reported at our sites, the GH reversal is more likely a sample
composition effect than a harmful one. TFP users tend to be older, and older participants tend to report lower GH. Once age
is accounted for, it appears to outweigh positive associations with BMI, schooling, and diet variety (Table 5). This pattern
could be consistent with an indirect pathway in which TFP use co-occurs with more varied diets and better nutritional status
(higher BMI within the non-obese range), both of which are associated with higher GH. Evidence from India and China also
indicates that perceived well-being is lower among underweight individuals and improves as their BMI increases beyond the
underweight range (Selvamani & Singh 2018, Zhu et al. 2015). As mentioned, Aceh has the highest proportion of participants
with low BMI among the three regions (Supplementary Table 4). It is among the top 10 provinces with the highest prevalence
of stunting at 29.4% above the national average of 21.7% (Kemenkes RI 2023). Given the high prevalence of undernutrition
and the strong BMI-GH correlation (Table 5), encouraging the use of nutrient-dense TFPs alongside energy-adequate staples
in Aceh remains a potentially valuable strategy.

Implications for the study area

The findings of this study suggest the significant potential of TFPs to enhance food and nutrition security, cultural
preservation, and public health in the study area. Given the nutritional value of many TFPs (Penafiel et al. 2011, Rahayu et
al. 2024), their sustained consumption could be leveraged to address nutrient deficiencies, particularly in areas such as Aceh
and WNT, where stunting rates exceed the national average (Kemenkes Rl 2023). However, the distinct geographical
preferences observed highlight the need to tailor promotion efforts to the specific context. National initiatives, such as the
free seedling distribution program under the Ministry of Environment and Forestry’s (KLHK) permanent nurseries (KLHK RI
2020), could be tailored to align with local dietary traditions and ecologies—such as focusing on leafy greens in West Java,
resilient staples in WNT, and forest fruits in Aceh. Furthermore, the site-specific factors influencing TFP use and their unique
associations with perceived well-being call for tailored intervention strategies.
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In West Java, the link between TFP intake and the social dimension of well-being suggests consumption is deeply embedded
in cultural identity and social interaction. This finding, coupled with the area’s high market integration, suggests the potential
benefits of strengthening the social ecosystems that support TFP use, from informal gatherings to local markets. This could
include strengthening social rituals through initiatives that celebrate TFP-centric food culture, such as a community culinary
festival. Similar interventions have been reported in Tirkiye, where the Alagati Herb Festival showcases wild edibles through
workshops, tastings, walks, and curated stalls, aiming to build demand and promote their incorporation into diets (Borelli et
al. 2022). Simultaneously, it may be beneficial to leverage local markets as social hubs by promoting TFPs through venues
such as community-supported agriculture programs, e.g., Tani Sauyunan, the Seni Tani community in West Java (Aulia
Oktadino Azre 2023). In these settings, TFPs can be framed as desirable, high-quality foods that connect people to local
culture and sustainable practices, an approach that aligns with the finding that higher education is associated with TFP intake
in this area.

In WNT, the positive association with both General and Mental Health highlights a potential dual benefit, without implying
causality. Here, it appears crucial to ensure reliable access to nutrient-dense, drought-tolerant species, such as M. oleifera.
Because home gardening and land access were not associated with TFP intake in WNT, priorities might center on equitable
access from shared landscapes, using communal resource management, sustainable harvesting rules, and simple processing
and storage (Yangdon et al. 2022). Moreover, since higher expenditure in WNT predicts greater TFP intake, market
integration could be encouraged by framing these foods as desirable choices rather than mere safety nets. This mix of
communal access, modest cultivation, and market integration could buffer seasonal scarcity and potentially support
psychological resilience through greater self-reliance (Bharucha & Pretty 2010, Kuhnlein 2014, Powell et al. 2011,2015).

In Aceh, despite complex statistical relationships, the positive correlation between TFP consumption and BMI, against a
backdrop of high undernutrition, suggests a potential opportunity. TFPs could be integrated into existing national platforms
(Posyandu counseling, B2SA campaigns) and paired with energy-adequate staples to close local nutrient gaps. Posyandu is a
broad, routine platform for nutrition counseling for children and mothers, and B2SA (Beragam, Bergizi, Seimbang, Aman) is
an active national movement to promote diverse, balanced, and safe diets; both could carry context-specific TFP messages
(BPN RI 2025, Kemenkes Rl 2011). Integrating local foods into primary health care and community nutrition education has
been shown to improve diet quality and, in some cases, micronutrient adequacy (Susanto et al. 2017, Verbowski et al. 2018).
Similarly, as in WNT, the positive link with expenditure in Aceh suggests that supporting market channels for forest fruits and
other local TFPs might increase their consumption, leveraging purchasing power to improve dietary diversity.

Finally, these context-specific strategies should be underpinned by protecting the natural landscapes from which people
obtain most of their TFPs. This goal can be directly supported by integrating TFP conservation into the Ministry of
Environment and Forestry (KLHK) agenda, particularly within Social Forestry (Perhutanan Sosial) schemes, including Hutan
Desa (Village Forrest), which explicitly supports community use (including non-timber forest products) (KLHK Rl 2025).
Furthermore, the consistent correlation between agricultural livelihoods and TFP intake across all sites underscores the
potential value of promoting agrobiodiverse farming systems (home gardens, agroforestry, mixed cropping). Global syntheses
link agricultural/landscape biodiversity with improved diet quality, reinforcing policies that back diverse production and
access (Johns & Eyzaguirre 2006, Powell et al. 2015). By aligning interventions with geographic patterns and leveraging
existing government platforms, TFPs could be strategically deployed to advance health, nutrition, and community resilience
across Indonesia's diverse landscapes.

This study has several limitations. First, the use of an FFQ as an ex-situ elicitation tool, without an accompanying in-situ ‘walk-
in-the-woods’ survey, likely resulted in an underreporting of total TFP diversity. The ‘walk-in-the-woods’ method assesses
plant knowledge within its ecological context, yielding more detailed information than ex-situ surveys like FFQs (Gallois et al.
2021). While the FFQ can identify consumed species, it cannot capture the full diversity of known plants nor provide real-
time data on the precise contribution of TFPs to the diet. A key strength of the FFQ, howeuver, is its ability to account for
consumption variation over a longer timeframe, capturing patterns for plants not consumed daily (Boedecker et al. 2014).
Future research should employ mixed-method approaches, such as combining FFQs with 24-hour food recalls. The second
limitation is the potential for recall bias and subjectivity in the self-reported HRQoL measures (Ware et al. 1995, Wicaksana
et al. 2020). Future research could address this by complementing such tools with other forms of health evaluation to further
validate the findings. Third, there is potential for unmeasured confounding variables. While the factors included were based
on literature and local context, potential influential variables such as cultural attitudes, taste preferences, intergenerational
knowledge transmission, and specific market dynamics were not quantitatively measured, resulting in an incomplete picture
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(Rahayu et al. 2024, Sakamoto et al. 2023b). A mixed-methods approach would be beneficial to capture these qualitative
dimensions. Fourth, the cross-sectional design limits our ability to make causal inferences about the relationships between
TFP consumption, socio-economic factors, and perceived well-being (Wang & Cheng 2020). The results should therefore be
interpreted as associations rather than definitive causal pathways, highlighting the need for longitudinal designs in future
research. Finally, the findings are highly context-specific, as evidenced by the divergent correlates and well-being associations
across the three study sites. This limits the direct generalizability of the results to other Indonesian provinces or similar socio-
ecological contexts. Replicating this research in other areas is advisable to gather more comprehensive information.

Conclusion

This study illustrates the persistent and significant role of TFPs in the food systems of three distinct Indonesian provinces. By
documenting 121 consumed species, this study confirms the remarkable TFP diversity integrated into the local diet, which is
primarily sourced from unmanaged landscapes, such as forests, field margins, and mixed gardens. Geographical differences
in TFPs consumed appear to be shaped by local ecology and cultural contexts. West Java’s consumption is characterized by
leafy greens aligned with the lalapan tradition. At the same time, WNT’s is defined by drought-resilient staples suited to its
dry climate, and Aceh’s by a reliance on forest-proximate fruits and shoots.

Beyond inventory, this study suggests that TFPs are incorporated into weekly diets and are linked to perceived well-being,
although the nature of this relationship is context-dependent. In West Java, TFPs are strongly linked to social functioning,
supporting the view of their cultural embeddedness. In WNT, consumption is associated with both general and mental health
perceptions, pointing to a potential dual benefit in a more challenging environment. In Aceh, the positive association
between TFP intake and BMI, within a context of high undernutrition, highlights their potential value for nutritional
interventions. The factors influencing TFP consumption further emphasize the need for tailored approaches. While land-
based livelihoods consistently predict higher intake, the roles of market integration, education, and wealth vary. The finding
that higher expenditure is associated with greater TFP use in Aceh and WNT challenges the perception of these foods as
merely a ‘safety net’ for the poor, suggesting that they have cultural and dietary value across wealth groups.

Therefore, promoting TFPs represents a potentially valuable approach to enhancing nutrition, cultural preservation, and
community resilience. However, effective strategies must be context-sensitive, with location-specific priorities such as
reinforcing social foodways in West Java, securing access to nutrient-dense species in WNT, and integrating TFPs into
nutrition programs to address undernutrition in Aceh. Underpinning all these efforts should be a commitment to conserving
the wild and semi-wild habitats that are the primary sources of these foods. Furthermore, the consistent link between
agricultural livelihoods and TFP use underscores the importance of agrobiodiversity. Promoting diverse farming systems—
such as home gardens, agroforestry, and mixed cropping—is an important strategy to sustain the landscape heterogeneity
that supports these valuable species. By aligning interventions with these distinct regional patterns and leveraging existing
government platforms, TFPs could be strategically advanced to support health, well-being, and sustainable food systems
across Indonesia’s diverse landscapes.
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