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1 Introduction

Traditional ecological knowledge (TEK) forms the foundation of how indigenous com-
munities perceive, manage, and conserve their natural environments. In biodiversity rich
regions such as Northeast India, TEK is deeply embedded in everyday cultural prac-
tices. Among these, the preparation of traditional food and beverages serves as a vital
means for transmitting environmental knowledge across generations [1, 2]. Traditional
fermented beverages play a vital role in indigenous diets, ritual life, and social cohesion,
while also reflecting intricate relationships between cultural practices and local plant
diversity. Their preparation and use embody accumulated ecological knowledge, mak-
ing them important yet underexplored components of biocultural heritage. Among the
Bodo, Rabha, and Ahom communities of Assam, traditional fermented beverages such as
jou, chuje, and laopani represent more than just culinary heritage. These beverages are
intimately tied to ritual practices, social cohesion, and ecological knowledge. Their prep-
aration is a holistic process that embodies centuries of interaction with the local envi-
ronment [3]. These indigenous beverage-making traditions are intricately linked to local
biodiversity. The careful selection of rice varieties, herbs, leaves, and roots for fermenta-
tion reflects a sophisticated understanding of plant properties, habitat-specific availabil-
ity, and seasonal cycles [4, 5]. Notably, women serve as the principal custodians of this
knowledge, overseeing the entire process from plant collection to fermentation. In doing
so, they uphold cultural identity while simultaneously safeguarding plant diversity [6, 7].
The use of wild and semi-cultivated plant species demonstrates how traditional bever-
age preparation is embedded in an ecological worldview that values sustainability and
natural regeneration. These practices illustrate how indigenous knowledge systems con-
tribute to in-situ biodiversity conservation while reinforcing community resilience [8, 9].

However, these intricate systems of knowledge and practice are increasingly under
threat. Rapid urbanization, deforestation, the expansion of market-driven agriculture,
and the erosion of indigenous customs are accelerating the loss of both cultural and bio-
logical diversity. The marginalization of traditional practices due to modernization and
external cultural influences has led to a decline in the use of native plant species and
the gradual disappearance of traditional fermentation techniques [10, 11] This disrup-
tion not only endangers cultural heritage but also weakens community-based strate-
gies for managing local biodiversity. In this context, understanding the cultural ecology
of traditional fermented beverages offers a valuable lens through which to explore the
interconnections between indigenous knowledge, biodiversity conservation, and cultural
continuity. Studying the practices of the Bodo, Rabha, and Ahom communities sheds
light on how local ecological systems are maintained through traditional knowledge
transmission and sustainable use of natural resources. Recent research has shown that
traditional fermentation practices not only enrich local diets but also enhance microbi-
ome diversity and support gut health, further linking these cultural practices to commu-
nity well-being [12].

Despite increasing global interest in traditional fermented foods, indigenous bev-
erage-making practices of Northeast India, particularly among the Bodo, Rabha, and
Ahom communities, remain insufficiently studied. Earlier research has largely focused
on cataloguing plant species or providing isolated ethnographic descriptions, with lim-
ited integration of botanical, biochemical perspectives, socio-cultural, ecological, and
functional perspectives [13]. Existing studies on traditional fermented beverages largely
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address botanical or sociocultural aspects in isolation, with limited integration of tra-
ditional ecological knowledge (TEK), quantitative ethnobotanical indices, and conser-
vation outcomes. The roles of gendered knowledge transmission, ritual practices, and
the resilience of intergenerational knowledge under socio-environmental change remain
underexplored. To address these gaps, the present study adopts an integrative approach
combining ethnobotany, ecology, and indigenous knowledge systems to: (i) document
plant species used in fermented beverage preparation among the Bodo, Rabha, and
Ahom communities; (ii) evaluate their cultural significance using quantitative indices;
and (iii) examine the contribution of rituals and taboos to biodiversity conservation and
ecological sustainability.

2 Methodology

2.1 Study area

This study adopts a qualitative, transdisciplinary research design that integrates ethno-
botanical fieldwork, ecological assessments, and ethnographic methods to examine the
traditional fermented beverage practices of the Bodo, Rabha, and Ahom communities in
Assam. Assam is part of the Eastern Himalayan and Indo-Burma biodiversity hotspot
and is characterized by tropical to subtropical ecosystems, including riverine flood-
plains, moist deciduous and evergreen forests, wetlands, and forest—agriculture mosaics.
The region experiences a humid monsoonal climate with high annual rainfall (= 2000—
3000 mm), warm temperatures, and pronounced seasonal variation, which together
support rich floral diversity. Geographically, Assam is divided into two main river val-
leys, the Brahmaputra and the Barak valley, with the Brahmaputra Valley occupying the
dominant portion of the state, whose fertile alluvial soils, extensive river networks, and
forest edges create ideal conditions for diverse plant resources and traditional biodiver-
sity-dependent practices.

For the present study, we have taken three dominant local alcoholic beverage prepar-
ing communities from three different strata of Brahmaputra valley during 2023 February
to 2024. Communities were selected from two districts from each stratum. Bodo from
lower and central Assam (Kokrajhar and Baksa districts), Rabha from lower and cen-
tral Assam (Goalpara and Kamrup districts) and Ahom from upper Assam (Tinsukia and
Dibrugarh districts) (Fig. 1). These areas were selected based on the prevalence of tradi-
tional beverage making practices, accessibility and willingness of community members
to participate and share their knowledge in this study. Ethical consent was taken from
every member participated in the discussion.

2.2 Interview-based data collection

A snowball sampling technique was employed to identify key informants, including
elderly women, traditional brewers, herbalists, and community elders. A total of 30 infor-
mants (10 from each community) were interviewed with the help of questionnaire sheet,
with a focus on women who are primary knowledge holders in beverage preparation. For
Ethnographic data collection Semi-structured interviews, Participatory Rural Appraisal
(PRA), Focus group discussions (FGDs) were conducted at different level. Semi-struc-
tured interviews were conducted in local language with elders, brewers, herbalists, and
women, focusing on the cultural, ritual and ecological dimensions of local herbs used
and utilization pattern in beverage preparation. The interviews followed a flexible guide
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Fig. 1 Map of Assam showing study sites

that allowed participants to elaborate on their experiences and perspectives while ensur-
ing consistency across respondents. Questions focused on the cultural, ritualistic, and
ecological dimensions of local herbs used in traditional beverage preparation, as well as
their collection, processing, and preservation practices. To ensure accuracy and cultural
sensitivity, all interviews were conducted in familiar community settings, often in partic-
ipants’ homes or common gathering spaces. Responses were recorded through detailed
field notes and, where consent was provided, with audio recordings for later transcrip-
tion and cross-verification. The interviewer adopted a participatory and conversational
approach to encourage open dialogue and build trust with respondents, particularly
among women who are primary knowledge holders in beverage preparation. During
several interviews, the research team actively participated in beverage preparation ses-
sions to gain first-hand understanding of ingredient selection, brewing techniques, and
associated symbolic meanings. This participatory engagement enriched the data by link-
ing verbal narratives with observed practices, thereby enhancing the validity and contex-
tual depth of the information collected. During data collection, where appropriate, we
participated in the preparation of alcoholic beverage to understand the techniques, plant
use, and symbolic meanings to understand it more accurately. FGDs were organized
separately with women, elderly person, and local herb collectors/sellers to understand
the plant use, beliefs, rituals, cultural and ecological values of the plants and continuity/
change in the practices. Formal discussions on knowledge of local plants used in fer-
mentation, seasonal patterns and taboos in harvesting, cultural values attached to bio-
diversity, practices of selective harvesting, propagation, and protection, perceptions of
ecological change (plant scarcity, climate impact) were organized.

2.3 Plant specimen collection and identification

Interview session was followed by plant identification and collection from both wild
and cultivated land. Plants used in fermentation were collected with the help of local
guide. Documentation was done with its local name, part used, collection season, and
method of preparation. Field visits were made to areas where plants are collected (e.g.,
forest edges, home gardens, fallow lands) to understand their ecological status (wild,
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semi-cultivated, or cultivated). Conservation status of frequently used species was
assessed based on IUCN categories, availability trends, and local perceptions of resource
decline. Herbarium specimens were prepared and identified using regional floras and
with the help of online identification - The plant list (https//www.plantlist.org) and
deposited at Arunachal University of Studies.

2.4 Data analysis

Thematic analysis was used for qualitative data collected from semi-structured inter-
views, Participatory Rural Appraisal (PRA) and FGDs, focusing on recurring themes
such as gender roles, ecological importance, traditional conservation strategies and
cultural values. Use Value (UV) and Fidelity Level (FL) were calculated for each plant
species to assess their cultural significance and frequency of use. Ecological data were
analyzed to determine the sustainability of harvesting practices and habitat preferences
of commonly used species.

1. Cultural Keystone Species Index

Cultural Keystone Species Index (CKSI) is developed to find out the most culturally
important species [14]. A commonly used formula is:

CKSI =Y (I; xW;) /N

where: I;: Importance or frequency score of species i for a specific cultural variable.
W,: Weight assigned to the cultural variable, indicating its relative importance. N: Total
number of informants or total possible score (for normalization).

2. Use Value Index

The Use Value (UV) of medicinal plants serves as an indicator of their relative impor-
tance, calculated based on how frequently each plant is cited by informants [15]. It is
determined using the formula.

UV = XU;/N

where, U; represents the number of uses mentioned by each informant for a particular
plant, and.
N is the total number of informants.

3. Fidelity Level

The Fidelity Level (FL) formula is applied to identify the culturally significant species
by calculating the percentage of informants who identified a specific plant as their top
choice for the same.

FL (%) = (Ip/L,) % 100

where, I, is the number of informants who independently cited the use of a plant species
for cultural use, and I, is the total number of informants who reported using the plant
for any type of use [16].
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3 Results

The selected indigenous communities of Assam for this study, such as the Bodo, Rabha,
and Ahom possess a wealth of ethnobotanical knowledge that is intricately linked to their
cultural, spiritual, and ecological traditions. Among the most captivating expressions of
this knowledge is the traditional preparation of alcoholic beverages. These drinks are not
merely daily consumables but hold deep cultural significance, serving key roles in ritu-
als, healing ceremonies, agricultural festivals, and social gatherings. A unique aspect of
this cultural ecology is the sourcing of ingredients from small sacred groves, commu-
nity-protected forest patches preserved through religious beliefs, taboos, and customary
laws. These groves function as vital reservoirs of biodiversity and exemplify the harmo-
nious relationship between spiritual reverence and sustainable resource use.

3.1 General preparation methods

Each community has developed its own distinct methods for brewing traditional rice-
based alcoholic beverages. The Bodo people prepare a drink called Jou, made by steam-
ing glutinous rice and mixing it with a traditional herbal starter culture known as angkur.
The mixture is fermented in earthen pots for five to seven days, producing a mildly alco-
holic drink that may also be distilled for a stronger variant. Similarly, the Ahom com-
munity brews a drink known as Xajpani. Cooked rice is cooled and combined with a
fermented herbal cake (known as Bakhor among Bodo and Rabha; Vekur pitha/Xajpitha
among Ahom community) crafted from local medicinal plants. This mixture is stored in
bamboo or earthen containers and left to ferment naturally. The resulting beverage is
typically consumed during cultural festivals and religious ceremonies. The Rabha com-
munity prepares choko, a traditional drink made by fermenting boiled rice with herbal
starter cakes sourced from forest plants. Fermentation is carried out in bamboo contain-
ers sealed with banana leaves, and the filtered liquid is consumed during both social and

religious occasions.

3.2 Quantitative data

Despite differences in names and techniques, the core process across these communi-
ties remains consistent fermenting rice with herbal cultures in natural containers. In this
study total 41 plants belonging to 29 families have been reported to be used by Ahom,
Bodo, and Rabha communities in the preparation of traditional alcoholic beverages in
Assam (Table 1). Method of preparation is almost similar, still there are some differences
in cultural use and conservation strategies. This practice not only reflects their deep eco-
logical understanding and spiritual beliefs but also reinforces their cultural identity and
commitment to biodiversity conservation. These species represent a diversity of plant
life forms, with herbs being the most prevalent (17 species), followed by shrubs (13),
trees (9), climbers (4), and ferns (4). A majority of these plants are wild-sourced, indicat-
ing reliance on forest-based resources for their traditional practices.

Plant parts used in beverage preparation varied across species. Leaves were the most
frequently used part, documented in 24 species, followed by aerial parts, roots, stems,
bark, rhizomes, fruits, flowers, and bulbs (Fig. 2). In some cases, multiple parts of the
same plant were used, such as the leaves and roots of Desmodium caudatum and Puer-
aria montana, suggesting the multifunctional utility of these species. The functional
roles of plants in beverage preparation were diverse. Several plants were used primarily
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for flavour enhancement, including Cinnamomum tamala, Zingiber officinale, and
Capsicum annuum, while others contributed aroma and preservation qualities, such as
Syzygium aromaticum and Piper longum. Plants like Pueraria montana and Musa para-
disiaca were particularly important for aiding fermentation. Scoparia dulcis and Dry-
maria cordata were cited for taste enhancement, while some species contributed to the
tightness of the dry fermentation cake called Bakhar, as seen with Equisetum debile and
Christella parasitica. Unique uses also included the application of Musa paradisiaca
leaves as a natural barrier in fermentation pots and the use of species such as Drymaria
cordata and Acanthus leucostachyus for their cooling effects.

Beyond their functional roles in beverage production, most species had additional
medicinal or ritualistic significance. For instance, Scoparia dulcis was associated with
community rituals such as the Gaonraja Puja. Plants like Piper betle and Mangifera
indica played essential roles in religious ceremonies, while Zingiber officinale and Tinos-
pora cordifolia were well known for their therapeutic benefits in digestion, respiratory
issues, and immunity. Many of these species are also consumed during the Bohag Bihu
festival as part of Aakho abidh sak traditional mixture of a hundred and one edible leafy
herbs highlighting their cultural value.

Cultural Knowledge Significance Index (CKSI) scores reflected the importance of cer-
tain plants within community traditions (Table 2). Scoparia dulcis had the highest CKSI
value (0.68), closely followed by Zingiber officinale and Tinospora cordifolia (0.67 each).
Other species like Piper betle (0.65), Piper nigrum (0.64), and Capsicum annuum (0.59)
also ranked highly, signifying their widespread recognition and multifunctionality across
different ethnic groups. These species were not only used for their functional role in bev-
erage preparation but were also valued for their medicinal and ceremonial importance.
The high CKSI species were predominantly wild and harvested during the peak mon-
soon and post-monsoon seasons (May to October), indicating both their seasonal abun-
dance and traditional reliance.

Fidelity Level (FL) scores offered insight into the degree of informant consensus on
plant usage (Table 3). Musa paradisiaca had the highest FL score (3.78), confirming its
consistent and specific application as both a fermentation facilitator and physical bar-
rier during processing. It was followed by Zingiber officinale (3.25), Mangifera indica
(2.53), Artocarpus heterophyllus (2.4), and Psidium guajava (2.32). Other notable species
included Piper longum, Cinnamomum bejolghota, Vernonia cinerea, Scoparia dulcis, and
Leucas aspera. The overlap of high CKSI and FL values in species such as Scoparia dulcis
and Zingiber officinale underscores their broad relevance across cultural, medicinal, and
beverage-related domains.

In terms of sourcing, 85% of the species were collected from the wild (Fig. 3), while
only a few, such as Piper betle, Zingiber officinale, and Syzygium aromaticum were cul-
tivated. This reflects a deep dependency on natural ecosystems. Seasonal collection pat-
terns revealed that most plants were gathered during the monsoon and post-monsoon
months (May to October), coinciding with major cultural and agricultural activities in
the region.

Although 24 of the 41 species were commonly used by all three ethnic groups, certain
plants held particular importance within specific communities. For example, Drymaria
cordata and Croton joufra were especially valued by the Ahom, while Pouzolzia viminea
and Plumbago zeylanica were more ritualistically significant among the Rabha and Bodo.
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Fig. 2 Number of life forms and their parts used during preparation of dry cake
Table 2 Top ten CKSI species used by the communities
Species CKSI
Scoparia dulcis 0.68
Zingiber officinale 0.67
Tinospora cordifolia 0.67
Piper betle 0.65
Piper nigrum 0.64
Capsicum annuum 0.59
Musa paradisiaca 0.59
Cinnamomum bejolghota 0.54
Equisetum debile 0.53
Ananas comosus 0.5

Table 3 Top ten FL species used by the communities

Species FL
Musa paradisiaca 378
Zingiber officinale 325
Mangifera indica 2.53
Artocarpus heterophyllus 24
Psidium guajava 232
Piper longum 2.25
Cinnamomum bejolghota 216
Vernonia cinerea 1.9
Scoparia dulcis 1.89
Leucas aspera 17
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Fig. 3 Number of plant species distribution in different habitat

Nevertheless, widely shared species like Piper betle, Scoparia dulcis, and Zingiber offici-
nale highlighted both the shared ethnobotanical knowledge and the ecological overlaps
between these cultures.

3.3 Qualitative data

3.3.1 Taboos for collection

Participatory Rural Appraisal (PRA) and FGDs, were conducted to understand recurring
themes such as gender roles, ecological importance, traditional conservation strategies
and cultural values of this herb based alcoholic beverage preparation method. Mostly
women involve in the herb collection, grinding, mixing rice flour, cake drying and prep-
aration process. Sometime elderly male members were also collecting the herbs from
the wild. Along with the harvesting practice, they also maintain the nature harmony by
collecting minimum number of herbs, avoiding uprooting, which are rare in their local
areas. Hence, it can be said that all the communities follow certain taboos which in turn
help to conserve the resources available in their nearby forest. The best example is the
sacred groves or Thans found in many places of the study sites. Among Bodo and Rabha
community those places were only visited during rituals, ceremonies. Collection of herbs
mostly used in Bakhar or dry cake was done from those sacred places, more specifi-
cally for worshipping their local deities, clan gods. These ecological sanctuaries harbour
a variety of medicinal, culturally significant plants, including herbs used in preparation
of rice-based fermented beverages. These groves are typically community-managed and
preserved through customary regulations, which prohibit activities like tree felling, graz-
ing, and overharvesting. The belief systems of local Rabha and Bodo people not only help
to preserve locally rare and ecologically sensitive plant species but also promote ethical
harvesting practices. They have very strict instruction from village head (Gaonbura), for
seasonal harvesting, uprooting is prohibited, only required item can collect, selective
cutting and rotation is allowed. Similarly, herbs in the fermentation starter (vekur) used
by the Ahom community were obtained from “Thans’ (sacred shrines) or ‘Deohal’ (ances-
tral altars). The brewing of Xajpani holds profound spiritual significance. The process
typically begins with ritualistic offerings of betel leaf and areca nut, symbolizing respect
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and seeking favor from nature spirits. It is commonly believed that when the ingredients
are gathered in a respectful and ethical manner, forest deities bless the final brew.

3.3.2 Taboos follow during preparation
In the Bodo community, the preparation of jou is considered a sacred activity, sur-
rounded by several taboos. Only individuals who are ritually clean are permitted to take
part in the brewing process. Women undergoing menstruation are strictly prohibited
from participating, and those involved in the brewing must bathe and wear fresh clothes
before handling any ingredients. The brewing space must be kept clean and undisturbed,
as it is believed that any form of conflict, loud talking, or negative energy could spoil the
fermentation process. Additionally, before the beverage is consumed, it is customary to
offer the first portion to deities and ancestors, invoking their blessings and maintain-
ing spiritual harmony. Similarly, the Rabha community observes several spiritual and
cultural restrictions during the making of chubitchi, their traditional rice beer. The pro-
cess is often conducted in a secluded, designated space, and the presence of outsiders or
non-community members is discouraged. Ritual purity is emphasized, with participants
often abstaining from sexual activities in the days leading up to and during the brew-
ing period. As with the Bodos, menstruating women are not allowed near the brewing
area. These taboos reflect a deep respect for the beverage as a sacred medium connect-
ing the human and spiritual worlds. The Ahom community, known for preparing haaj
or laopani, also follows similar customs. Historically, only certain clans or ritually pure
women were allowed to prepare the drink, especially when it was intended for religious
or ancestral offerings. Cleanliness of the body, mind, and environment is considered
essential. Utensils used in brewing must be washed thoroughly, and the process is often
carried out in silence or with a solemn attitude. The first portion of the drink is typically
offered to the ancestors, reinforcing its role in ritual communication and ancestral ven-
eration (Fig. 4).

Across these communities, the taboos associated with traditional alcoholic beverage
preparation serve several functions, they ensure hygienic practices, reinforce social and
gender norms, and maintain a sense of spiritual reverence. These customs are not merely

Diverse Plant » Beverage Functions = Cultural Significance »Conservatmn Outcomes

Resources e é éﬂ pal

Rituals & Festivals

o f 58 WOmenasKnowiedqe Holders
I $ > Sustainable
Wild & D Livelihoods

Biodiversity
, Protection

Semi-Cultivated Species
Medicinal Use Nutritional Value Taboos & Traditions

Cultural
y Preservation

Traditional Fermented
Beverages

Fig. 4 Conceptual framework linking plant resource diversity, traditional fermented beverage functions, cultural
practices, and conservation outcomes among the indigenous communities
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Fig. 5 Conceptual framework illustrating the linkage between Traditional Ecological Knowledge (TEK), ethnobo-
tanical practices, cultural conservation, and sustainability outcomes in indigenous fermented beverage systems
superstitions but are integral to the cultural ecology of indigenous life. They help safe-
guard the quality of the drink, preserve community values, and sustain the sacred rela-
tionship between humans, nature, and the spiritual world. As such, understanding these
taboos provides valuable insight into the intertwined nature of Indigenous knowledge
systems, environmental ethics, and cultural continuity in Assam (Fig. 5).

4 Discussion

4.1 Quantitative data

The present study highlights the integral role of 41 plant species used by the Akom, Bodo,
and Rabha communities in Assam’s traditional alcoholic beverage production. This eth-
nobotanical documentation aligns with previous surveys such as Duarah et al. [17] who
reported 51 species across six ethnic groups including Ahom, Bodo, and Rabha in rice
beer starter culture preparations, emphasizing multifunctional uses ranging from fer-
mentation to therapeutic purposes. Also, study suggests a shared cultural and ecological
knowledge base, reinforcing the importance of such ethnobotanical surveys for conserv-
ing region-specific biodiversity used in fermentative traditions [17]. One of the most sig-
nificant results was the high CKSI for Scoparia dulcis, Zingiber officinale, and Tinospora
cordifolia. Previous studies have also reported that S. dulcis use in rice beer by multiple
tribes in Assam for beverage preparation and medicinal use (particularly for diabetes
and stomach issues) [18, 19]. Notably, the high FL scores for Musa paradisiaca and Z.
officinale reflect their specialized and consensus-based ethical use that appears crucial
to fermentation processes. High CKSI values (e.g., 0.68 for Scoparia dulcis) are now
explicitly interpreted as reflecting multifunctional importance, frequent citation across
communities, ritual significance, medicinal value, and a central role in fermentation
practices. Ecologically, such high CKSI species indicate sustained dependence on partic-
ular wild plants, underscoring their relevance for conservation prioritization. Similarly,
high Fidelity Level values (e.g., 3.78 for Musa paradisiaca) are now contextualized as
indicators of strong informant consensus regarding specific functional roles, such as its
consistent use as a fermentation facilitator and physical barrier during brewing. Cultur-
ally, this reflects standardized knowledge transmission and shared norms across ethnic
groups, while ecologically it highlights species that are deliberately conserved through
cultivation or careful harvesting. Findings regarding S. dulcis have promising biomedi-
cal implications [20]. Recent pharmacological reviews indicate that the plant contains
over 115 bioactive metabolites with treatments aimed at metabolic syndrome, includ-
ing glycemic control, lipid modulation, and anti-inflammatory effects [21, 22]. A clinical
crossover trial demonstrated that S. dulcis porridge significantly reduced HbAlc in Type
2 diabetics without adverse clinical markers [23]. This convergence of ethnobotanical
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use and clinical pharmacology highlights that its usage in traditional beverages may con-
vey tangible health benefits likely a factor in its elevated cultural significance. Concur-
rently, the tradition of using phytochemically active species like Piper betle, Syzygium
aromaticum, and Capsicum annuum for flavor, preservation, and microbial modulation
aligns with ethnobotanical and food-science studies from the Northeast. Monpa tribes
in Arunachal Pradesh similarly use Piper betle and other herbs in starter culture pham-
zas’ to foster beneficial fermentation microbiota [23]. This suggests a shared empirical
understanding across regional traditions that such plants promote healthy fermentation
possibly guiding microbial dynamics and inhibiting spoilage. Results further document
how 85% of species were wild-sourced and predominantly harvested during the mon-
soon/post-monsoon (May-October). This timing coincides with major Bi/u and agricul-
tural festivities, a season when rice-based beverages are culturally significant, much like
Apo among the Mising community (also prepared post-harvest for festivals). The con-
vergence of linguistic, ritual, and seasonal cues underscores how agro- ecological cycles
shape ethnobotanical practices, fostering transmission of ancestral knowledge across
generations. Community-specific plant use like Drymaria cordata and Croton joufra
by Ahom, or Pouzolzia viminea by Bodo/Rabha reflects localized adaptations within a
shared regional framework. However, the presence of a core set of high-CKSI species
used across all groups, especially in fermentation starter culture preparation, may indi-
cate historic pathways of cultural diffusion and ecological convergence. This aligns with
findings by Das et al. [24], highlighting how rice beer preparation methods and plant
ingredients show marked consistency across Northeast Indian communities. The study
also emphasizes the importance of documenting traditional practices before they are
lost, and further, underscores a strong case for bioactivity-guided biochemical investiga-
tions to evaluate the health impacts of beverage ingredients like S. dulcis, Z. officinale,
and Tinospora cordifolia.

4.2 Qualitative data

The observation of taboos related to the collection and preparation of traditional fer-
mented beverages among the Bodo, Rabha, and Ahom communities of Assam highlights
the integral role of indigenous knowledge systems in biocultural conservation. These
culturally embedded restrictions not only reinforce social cohesion and spiritual obser-
vance but also serve as effective ecological safeguards. The practice of restricting access
to sacred groves, such as Thans or Deohals, aligns closely with the concept of socio-
ecological sanctuaries’ [25], where religious and cultural values intersect with biodiver-
sity conservation. These groves, managed under customary law, play a critical role in
conserving medicinal and rare plant species, including those used for making fermen-
tation starters. By prohibiting unsustainable harvesting practices such as uprooting or
over-collection these communities exercise a form of community-based resource gov-
ernance that aligns with modern conservation principles [26, 27]. Ritualistic limitations,
such as seasonal collection, gender-based restrictions, and adherence to purification
rites, further reflect a deep ecological sensibility. For instance, excluding menstruating
women or enforcing abstinence during fermentation are not merely symbolic, but often
rooted in maintaining microbial stability, hygiene, and sanctity of the brewing process.
Similar practices have been reported among other indigenous groups globally, where
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fermentation is seen as both a biological and spiritual transformation requiring ritual
purity [28, 29].

The spiritual framing of fermented beverage preparation manifested in offerings to
deities and ancestors, reveals a sacred epistemology where humans are part of a larger
ecological-spiritual continuum. In the Bodo and Rabha contexts, the act of offering the
first portion of the drink to spirits or ancestors reflects animistic traditions that help
sustain both ecological integrity and ancestral memory. Among the Ahoms, this act of
reverence is deeply tied to clan identity and ancestral communication, suggesting that
brewing is not merely a domestic task, but a ritual act of cultural continuity [30]. More-
over, such taboos support social regulation and intergenerational knowledge transfer.
They delineate who may participate, when, and under what conditions, thus embedding
ecological responsibility within social norms. This resonates with the view that TEK sys-
tems often function through informal institutions like taboos, which regulate human
interaction with the environment while embedding values of respect and restraint [31,
32].

Understanding these cultural prohibitions is essential not only for ethnobotanical
documentation but also for policy frameworks that aim to integrate Indigenous per-
spectives in biodiversity management. In light of global calls for inclusive conserva-
tion, such as those outlined in the Convention on Biological Diversity, 2020 [33], these
community-rooted practices offer replicable models for sustainable and ethical use of
forest resources. Therefore, these taboos, far from being obsolete superstitions, repre-
sent sophisticated systems of bio-cultural resilience. They reinforce hygienic protocols,
uphold social order, and enshrine spiritual stewardship, ensuring that the preparation of
traditional alcoholic beverages remains a holistic process involving ecological mindful-
ness and cultural reverence. Also, we can observe the integration between quantitative
indices (CKSI and FD) and qualitative ethnographic findings. Specifically, species with
high CKSI values (e.g., Scoparia dulcis, Zingiber officinale, Tinospora cordifolia) are not
only frequently cited and multifunctional, but are also embedded within ritual taboos,
sacred grove protection, and ceremonial practices documented through PRA and FGDs.
The elevated CKSI of these species reflects their dual role as functional ingredients in
fermentation and culturally regulated species, where taboos on harvesting time, col-
lection methods, and ritual purity limit overexploitation. For example, Scoparia dulcis
shows high CKSI because it is simultaneously central to beverage preparation, ritual
observances such as Gaonraja Puja, and sacred-grove—based conservation practices.
Thus, the quantitative prominence of these species is directly shaped by qualitative cul-
tural norms that reinforce sustainable use.

4.3 Limitations and future opportunities

Despite the valuable insights generated through this interdisciplinary study, several lim-
itations were there. The research focused on three indigenous communities the Bodo,
Rabha, and Ahom from selected districts in Assam, which may not comprehensively
represent the broader diversity of traditional beverage-making practices across North-
east India. The relatively small sample size of 30 informants, while rich in depth, restricts
the generalizability of certain cultural or ecological patterns. Also, because of seasonal
constraints, some plants used in other times of the year may have been missed, poten-
tially limiting the full ethnobotanical record. Although, indices such as the CKSI and FL
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were calculated to gauge cultural significance, but did not incorporate biochemical or
microbial analysis to validate the functional or medicinal claims associated with many of
the documented species. Additionally, there was no focused assessment of the economic
or market potential of these beverages, which limits insights into their commercial
viability. On the other hand, if we see the future research opportunity, several exciting
pathways are available. Detailed biochemical profiling and microbial characterization of
these fermented beverages could reveal their nutritional and pharmacological proper-
ties, strengthening their value in both traditional medicine and functional food markets.
Many of the plants used, such as Scoparia dulcis, Zingiber officinale, and Tinospora cor-
difolia, are already recognized globally for their medicinal properties, creating an oppor-
tunity to position these beverages within the growing nutraceutical and functional food
sectors. There is strong potential to develop artisanal or microbrewery-scale production
units that maintain traditional techniques while meeting hygiene and food safety stan-
dards. These enterprises could be community-led or involve public- private partnerships
to ensure local benefit sharing. Additionally, pursuing Geographical Indication (GI) tag-
ging for these heritage beverages would not only preserve indigenous intellectual prop-
erty but also enhance their market value. Expanding the ethnographic scope to include
other indigenous groups like the Mising, Dimasa, and Karbi could provide a more holis-
tic understanding of the region's fermentation traditions. In the face of climate change, it
is also essential to investigate how shifting ecological conditions affect the availability of
key plant species and fermentation success. Furthermore, the integration of Indigenous
fermentation knowledge into biodiversity and agro-ecological policy frameworks could
reinforce both conservation and cultural continuity in the region.

5 Conclusion

The traditional fermented beverage practices of the Bodo, Rabha, and Ahom communi-
ties demonstrate the use of a rich diversity of plant species, largely sourced from wild and
semi-cultivated habitats, to prepare beverages that are integral to rituals, seasonal fes-
tivals, and traditional healthcare systems. Culturally embedded taboos associated with
plant collection and brewing reinforce conservation ethics and sustainable resource use.
Within this framework, women emerge as the primary custodians of knowledge, playing
a crucial role in the transmission of fermentation techniques, plant selection, and ritual
protocols across generations through experiential and matrilineal learning. Despite their
cultural and ecological significance, these traditions are increasingly threatened by mod-
ernization, habitat degradation, and the erosion of indigenous practices. Nevertheless,
the resilience of these systems underscores their potential contribution to conservation
and sustainable development frameworks. With appropriate scientific validation, sup-
portive policies, and ethical commercialization strategies, traditional fermented bev-
erages hold promise not only for safeguarding cultural heritage but also for enhancing
local livelihoods and contributing to emerging global wellness markets.
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