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1. INTRODUCTION

The field of Ethnochemistry has emerged as an interdisciplinary approach that bridges indigenous
knowledge systems with modern chemical science [1], [2]. It focuses on how traditional societies understand,
utilize, and transform natural materials through empirically developed chemical practices. These practices are
often transmitted orally across generations, forming a body of knowledge that is both adaptive and context-specific
[3], [4]. Although developed outside formal laboratories, many of these processes demonstrate reproducibility and
efficiency comparable to modern techniques. Consequently, ethnochemistry provides a framework for interpreting
traditional knowledge through the lens of scientific inquiry while preserving its cultural significance [5], [6].

Traditional fermentation practices represent one of the most prominent expressions of ethnochemical
knowledge, particularly in rural Andean regions of Peru. In these communities, fermentation is not merely a
method of food processing but also a cultural activity embedded in daily life and ritual practices [7], [8]. Maize-
based fermented beverages, such as chicha, serve as central elements in social gatherings and communal identity
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[9], [10]. The preparation techniques, including grain selection, processing, and fermentation conditions, are
guided by inherited experiential knowledge [11], [12]. These culturally embedded processes reveal a sophisticated
understanding of transformation that aligns with fundamental biochemical principles.

From a scientific standpoint, fermentation involves complex biochemical pathways mediated by
microorganisms that convert carbohydrates into various metabolites [13], [14]. In traditional systems, these
transformations occur under naturally variable conditions, including fluctuations in temperature, oxygen
availability, and microbial populations [15], [16]. Such variability contributes to diverse chemical outcomes,
resulting in distinct sensory and nutritional profiles. The compounds produced, including ethanol, organic acids,
and aromatic esters, are central to the functionality and acceptability of fermented products [17], [18].
Understanding these processes through the concept of fermentation highlights the intersection between natural
microbial activity and culturally guided processing techniques.

Environmental and geographical factors also play a crucial role in shaping traditional fermentation
outcomes [19], [20]. The high-altitude ecosystems of the Andes influence microbial diversity and metabolic
activity, thereby affecting the kinetics of fermentation. Local raw materials, including specific maize varieties,
contribute unique biochemical substrates that further differentiate fermentation products [21], [22]. Additionally,
traditional tools and vessels may introduce specific microbial consortia that are not present in industrial systems
[23], [24]. These factors collectively create a localized chemical signature that reflects both environmental
conditions and cultural practices. As such, ethnochemical studies must account for these contextual variables to
fully understand the resulting chemical processes.

Methodologically, the integration of ethnographic approaches with modern analytical techniques
provides a robust framework for studying traditional fermentation systems [25], [26]. Ethnographic methods, such
as participant observation and semi-structured interviews, allow researchers to document tacit knowledge and
cultural practices [27], [28]. Meanwhile, tools from Analytical Chemistry enable the identification and
quantification of chemical constituents formed during fermentation [29], [30]. This combined approach ensures
that both cultural meaning and chemical mechanisms are adequately captured. By bridging qualitative and
quantitative data, researchers can construct a more holistic understanding of ethnochemical phenomena.

Previous studies by Jimenez et al. [31] and Guerra et al. [32] generally focused on the identification and
characterization of microbial diversity in traditional fermented foods in South America, including microbiological
and molecular-based approaches to understand microbial community composition. The study by Jimenez et al.
[31] emphasized the distribution of microorganisms in various artisanal fermented products, while Guerra et al.
[32] focused more on microbial diversity in the context of traditional fermented foods in Ecuador. However, both
studies tended to be limited to microbiological aspects and did not deeply integrate the cultural dimension and the
direct relationship between traditional practices and the chemical transformations that occur during fermentation.
Furthermore, ethnographic approaches that can reveal local knowledge systems and experience-based decision-
making mechanisms have not been a primary focus in these studies. Therefore, this study fills this gap by
integrating ethnographic and chemical analyses within an ethnochemical framework to reveal the link between
cultural practices and the biochemical dynamics of fermentation in Andean communities in Peru, thus providing
a more holistic and interdisciplinary perspective than previous studies.

The novelty of this study lies in its integrative approach, which simultaneously examines cultural
practices and their corresponding chemical transformations within a single analytical framework. Unlike
conventional studies that focus solely on either ethnography or laboratory analysis, this research seeks to correlate
specific traditional techniques with measurable chemical outcomes [33], [34]. This approach allows for the
identification of causal relationships between cultural variables and biochemical processes [35], [36]. Furthermore,
it provides new insights into how traditional knowledge systems encode practical chemical understanding without
formal scientific language. Such contributions are essential for advancing the theoretical and applied dimensions
of Ethnochemistry.

The urgency of this research is underscored by the rapid decline of traditional knowledge systems due to
globalization, urbanization, and changing socio-economic dynamics. Many indigenous fermentation practices are
at risk of disappearing as younger generations adopt modern production methods [37]. The loss of this knowledge
not only represents a cultural erosion but also a missed opportunity for scientific discovery and innovation.
Documenting and analyzing these practices is therefore critical for preserving intangible cultural heritage while
unlocking their potential applications in food science and biotechnology [38]. In this context, the present study
aims to systematically investigate traditional maize fermentation in Andean communities by elucidating both its
cultural foundations and underlying chemical processes.

2. RESEARCH METHOD
2.1. Study Area and Cultural Context

This research was conducted in a rural community in the Andes region of Peru that still maintains
traditional corn-based fermentation practices. This region was chosen because of its strong cultural continuity in
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fermented beverage production and the active involvement of the community in maintaining these traditions [39],
[40]. Fermentation practices take place in both domestic and communal contexts, often associated with social
activities such as traditional celebrations, collective work, and local religious rituals. Knowledge of the
fermentation process is passed down through generations through hands-on practice, without formal written
documentation [41], [42]. Therefore, cultural context is crucial in understanding how the principles of
ethnochemistry are manifested in the daily activities of the community.

2.2. Sample Collection

The samples used in this study were local corn (Zea mays) of specific varieties commonly used by the
local community for the production of traditional fermented beverages. Sampling was carried out in stages to
capture the dynamics of chemical changes during the fermentation process: pre-fermentation, during fermentation,
and after completion [43], [44]. In the pre-fermentation stage, samples were taken from raw materials that had
undergone initial processing such as soaking or milling. During fermentation, samples were collected at specific
time intervals to monitor changes in chemical composition over time [45], [46]. After fermentation was complete,
the final samples were analyzed to determine the compound profiles and characteristics of the resulting products.

2.3. Ethnographic Methods

An ethnographic approach was used to document traditional practices and local understandings of the
fermentation process. Semi-structured interviews were conducted with local practitioners, including fermented
beverage producers, to gain insight into the process stages, ingredient selection, and indicators of fermentation
success [47], [48]. Furthermore, participant observation involved researchers directly in the production process to
understand technical and contextual aspects not always revealed through interviews. Visual and written
documentation was also conducted to systematically record each stage of the process [49], [50]. This approach
enabled the integration of qualitative cultural data and scientific analysis within an ethnochemical framework.

2.4. Chemical Analysis

Chemical analysis was performed to identify and quantify compounds formed during the fermentation
process. Collected samples were prepared through filtration and dilution processes according to the instrument's
analytical requirements. Chromatographic methods such as GC-MS and HPLC were used to separate and identify
key compounds, including alcohols, organic acids, and esters that contribute to product characteristics [51], [52].
In addition, spectrophotometric analysis was performed to measure specific parameters related to changes in
chemical composition. Physicochemical parameters such as pH and ethanol content were measured periodically
to monitor the progress of the fermentation process [53], [54]. Microbial activity was also indirectly analyzed
through changes in metabolites produced during fermentation, providing a comprehensive picture of the
biochemical dynamics within this traditional system.

2.5. Research Instruments and Data Collection Techniques

The research instruments used in this study include qualitative and quantitative instruments designed to
integrate ethnographic and chemical analysis approaches. The qualitative instrument is a semi-structured interview
guideline based on key aspects of traditional fermentation practices, such as material selection, process stages,
success indicators, and cultural meanings [48], [55]. The interview instrument grid covers several key domains,
namely (1) local knowledge of raw materials, (2) fermentation techniques and stages, (3) environmental factors
that influence the process, and (4) perceptions of product quality. Meanwhile, observation instruments are used to
record production activities directly with indicators such as fermentation duration, container conditions, and
material treatment. For quantitative analysis, laboratory instruments such as pH meters, spectrophotometers, and
chromatography systems are used to support analysis within the framework of Analytical Chemistry. The
instrument grid used in this study is:

Tabel 1. Research Instrument Grid (Ethnographic and Ethnochemical Study)

No Domain/Aspect Indicator
. Local corn varieties, ingredient characteristics, and reasons for

1 Raw material knowledge .
selection

2 Fermentation process stages Preparation, fermentation, and storage procedures

3 Traditional processing techniques  Milling, heating, and mastication methods (if applicable)

4 Environmental factors Temperature, humidity, fermentation containers, and storage
locations

5  Indicators of fermentation success Changes in flavor, aroma, texture, and fermentation time

6  Cultural significance Social, ritual, and symbolic functions of fermented beverages

7  Chemical parameters pH, ethanol content, and color changes

8  Chemical compound profiles Identification of alcohols, organic acids, and esters
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No Domain/Aspect Indicator

9  Fermentation dynamics Compositional changes during fermentation
Production of metabolites (acids and alcohols) as indicators of
microbial activity

10 Microbial activity (indicative)

This study employed triangulation to ensure data validity and reliability. Qualitative data were collected
through interviews, participant observation, and visual documentation conducted simultaneously during fieldwork
[56], [57]. In-depth interviews were conducted with key informants with direct experience in traditional
fermentation practices. Quantitative data were obtained through chemical parameter measurements and laboratory
analysis of samples collected at various fermentation stages. This combination of techniques enabled
comprehensive data collection, encompassing both cultural and chemical aspects.

2.6. Data Analysis Techniques

Data analysis was conducted by integrating qualitative and quantitative approaches. Ethnographic data
were analyzed using thematic analysis techniques to identify patterns of local knowledge and cultural practices
relevant to the fermentation process [58], [59]. Meanwhile, chemical data were analyzed descriptively and
inferentially to identify changes in compound composition during the process. The results of chromatographic and
spectrophotometric analyses were used to determine the detailed chemical profiles of the fermentation products.
The integration of both types of data was carried out to link cultural practices with the underlying fermentation
mechanisms. Thus, the analysis resulted in a comprehensive interpretation from an ethnochemical perspective
[60], [61].

2.7. Research Procedure

The research procedure began with a preparatory phase, which included identifying the research location,
obtaining permits, and identifying key informants. The next stage was field data collection through observation
and interviews, conducted simultaneously with sampling of fermented materials and products. The collected
samples were then analyzed in the laboratory to obtain relevant chemical data. Following this, an integrated data
analysis was conducted, combining ethnographic and laboratory test results. The final stage of the research was
the interpretation of the results and the preparation of a scientific report describing the relationship between cultural
practices and chemical processes in traditional fermentation systems. The flowchart of this research procedure can
be seen briefly in the following flowchart:

Determination of Location and Informants

Ethnographic Data Collection

Fermentation Sampling

Laboratory Chemical Analysis

Data Analysis and Integration

Conclusion (Ethnochemical Perspective)

Figure 1. Research Procedure
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3.  RESULTS AND DISCUSSION
3.1. Ethnographic Patterns of Traditional Fermentation Practices

Thematic analysis revealed that traditional fermentation practices in the Andean communities of Peru are
structured around four dominant knowledge domains: raw material selection, process control, environmental
awareness, and sensory-based evaluation. These domains function as an implicit knowledge system that guides
fermentation outcomes without reliance on formal scientific measurement. Informants consistently emphasized
the importance of maize variety, fermentation duration, and environmental conditions as key determinants of
product quality [62], [63]. Sensory indicators such as aroma, taste, and texture were used as primary evaluation
tools, reflecting empirically developed decision-making strategies. This finding indicates that local practices
embody a functional model of Etnokimia grounded in experiential knowledge.

Furthermore, fermentation practices were found to be embedded within social and cultural activities,
including communal labor and traditional rituals. Despite minor variations in technique among practitioners, a
consistent procedural framework was observed across households. Environmental factors such as temperature and
container type were recognized by local practitioners as critical variables influencing fermentation success [64],
[65]. These findings demonstrate that traditional knowledge operates as a dynamic system integrating cultural
values and environmental adaptation.

3.2. Quantitative Changes in Physicochemical Parameters

Quantitative analysis demonstrated a consistent decrease in pH from 6.8 & 0.2 at the initial stage to 3.9 +
0.3 at the final stage of fermentation. This decrease was accompanied by a significant increase in ethanol
concentration, particularly after 48 hours of fermentation (p < 0.05). These trends indicate progressive metabolic
activity of fermentative microorganisms under naturally variable conditions. Despite the absence of controlled
laboratory environments, the fermentation process exhibited predictable biochemical trajectories [66], [67]. This
confirms the robustness of traditional systems governed by fermentation.

Inferential analysis further revealed that fermentation duration significantly influenced both pH and
ethanol levels. Samples fermented for longer durations showed higher ethanol concentrations and lower pH values,
indicating increased metabolic conversion [68], [69]. Variability among samples suggests the influence of
environmental heterogeneity, including temperature and microbial diversity. These results highlight that traditional
fermentation systems maintain consistent biochemical patterns despite environmental variability.

To further elucidate the temporal dynamics of physicochemical changes during the fermentation process,
graphical analysis was employed to visualize variations in pH and ethanol concentration across different
fermentation stages. These parameters were selected as key indicators due to their relevance in describing the
progression of fermentation and microbial metabolic activity. The visualization allows for a clearer interpretation
of trends and relationships that may not be fully captured through descriptive statistics alone. In particular, the
graphical representation highlights the rate and consistency of biochemical transformations occurring during
fermentation. Therefore, the following figures present the temporal profiles of pH and ethanol concentration as
functions of fermentation time.

Change in pH During Fermentation

6.5

6.0 q

5.5 9

pH

5.0 4

4.5 4

4.0 1

T T
o] 20 40 60 80 100
Time (hours)

Figure 2. Changes in pH during the Fermentation Process Over Time

The trends observed in Figure 2 demonstrate a continuous decrease in pH throughout the fermentation
period, indicating progressive acidification of the system. This decline reflects the accumulation of organic acids,
primarily lactic acid and acetic acid, produced by fermentative microorganisms. The relatively sharp decrease
during the initial 48 hours suggests an active phase of microbial adaptation and rapid metabolic activity. As
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fermentation progresses, the rate of pH decline becomes more gradual, indicating a stabilization phase in which
microbial activity begins to reach equilibrium. These findings confirm that the fermentation system follows a
typical biochemical pathway associated with Fermentation.

Ethanol Production During Fermentation

Ethanol (%)
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Figure 3. Ethanol Production during Fermentation Over Time

In contrast, Figure 3 illustrates a steady increase in ethanol concentration over time, reflecting the
conversion of fermentable sugars into alcohol by yeast and other microorganisms. The most significant increase
occurs between 24 and 72 hours, corresponding to the exponential phase of microbial growth and metabolic
activity. This phase is characterized by efficient substrate utilization and high rates of ethanol production. Toward
the later stages, the rate of ethanol increase begins to slow, suggesting substrate depletion and possible inhibition
effects due to increasing acidity. The inverse relationship between pH and ethanol concentration further supports
the presence of coordinated microbial metabolism within the fermentation system.

Overall, the graphical patterns observed in both figures indicate a well-defined progression of biochemical
transformations, where acid production and ethanol formation occur simultaneously but at different rates. This
dynamic reflects the complex interaction between microbial communities and environmental conditions,
ultimately shaping the physicochemical properties of the final product. These results reinforce the interpretation
that traditional fermentation systems operate through predictable and regulated biochemical mechanisms.

3.3. Chemical Profile Based on Chromatographic and Spectrophotometric Analysis

Chromatographic analysis (GC-MS and HPLC) identified major compounds including ethanol, lactic
acid, and acetic acid as dominant metabolites produced fermentation. In addition, minor compounds such as
volatile esters were detected, contributing to the characteristic aroma profile of the fermented product.
Spectrophotometric analysis supported these findings by indicating measurable changes in compound
concentration across fermentation stages [70]. The resulting chemical profile reflects a complex and dynamic
transformation process.

Descriptive analysis showed that sugar content decreased progressively as fermentation advanced,
accompanied by an increase in alcohol and organic acid concentrations. Variations in compound composition
among samples were observed, likely due to differences in fermentation conditions and techniques [71], [72].
Notably, samples fermented in traditional clay containers exhibited higher diversity of volatile compounds. These
findings suggest that material and environmental factors significantly influence the chemical complexity of
fermentation products.

3.4. Integration of Ethnographic and Chemical Data

The integration of ethnographic and chemical data revealed a direct functional relationship between cultural
practices and biochemical outcomes. Traditional techniques such as fermentation duration, raw material selection,
and container type were found to significantly influence metabolite formation. For instance, the use of clay
containers was associated with increased ester diversity, suggesting microenvironmental effects on microbial
metabolism.

Furthermore, sensory-based evaluations used by local practitioners were found to correlate with measurable
chemical parameters, particularly ethanol concentration and acidity levels. This indicates that traditional
knowledge systems function as adaptive regulatory mechanisms within fermentation processes. The alignment
between empirical practices and measurable chemical changes demonstrates that cultural knowledge is grounded
in observable biochemical phenomena [73], [74]. These findings reinforce the scientific relevance of
Ethnochemistry.
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The findings of this study demonstrate that traditional fermentation practices represent a complex
integration of cultural knowledge and biochemical processes. The ethnographic results indicate that local
communities possess structured and functional knowledge systems that guide fermentation outcomes. These
systems operate through experiential learning and are reinforced through generational transmission. From a
scientific perspective, such knowledge systems can be interpreted as empirically derived models of process
optimization [75], [76]. This supports the view that traditional practices constitute a valid domain within
Ethnochemistry.

The observed physicochemical changes, including decreasing pH and increasing ethanol concentration,
confirm the occurrence of active microbial metabolism fermentation. These patterns are consistent with established
biochemical pathways in fermentation systems, indicating that traditional processes follow predictable scientific
principles. The ability of these systems to produce consistent outcomes despite environmental variability highlights
their adaptive efficiency [77], [78]. This suggests that traditional fermentation practices have evolved as robust
biochemical systems.

The integration of cultural and chemical data further reveals that traditional practices actively regulate
fermentation mechanisms. Cultural decisions, such as the selection of fermentation vessels and duration, influence
microbial activity and metabolite production [79], [80]. This demonstrates that cultural practices are not merely
contextual but functionally embedded within biochemical processes. Such findings highlight the importance of
considering cultural variables in scientific analyses of traditional systems.

Additionally, the correlation between sensory evaluation and chemical parameters suggests that
traditional knowledge incorporates effective qualitative assessment methods [81], [82]. Sensory indicators used
by practitioners align with measurable changes in chemical composition, indicating a strong empirical basis for
decision-making. This reinforces the idea that traditional knowledge systems are capable of achieving reliable
process control without formal instrumentation.

These findings are consistent with traditional fermentation systems observed in other indigenous cultures,
suggesting a broader applicability of ethnochemical principles. Therefore, this study contributes to expanding the
theoretical framework of Ethnochemistry by providing empirical evidence of the relationship between cultural
practices and chemical transformations. However, this study has several limitations. The absence of microbial
isolation and molecular identification limits the ability to precisely characterize the microbial communities
involved. Additionally, environmental variables were not experimentally controlled, which may influence
reproducibility. Future research should incorporate microbiological and molecular approaches to further elucidate
the mechanisms underlying traditional fermentation systems.

This research has significantly strengthened the understanding that traditional fermentation practices not
only possess cultural value but also contain chemical principles that can be explained scientifically. The integration
of ethnographic approaches and chemical analysis in this study opens up opportunities for the development of
more comprehensive ethnochemical studies and contributes to the preservation of local knowledge that has the
potential to be applied in the fields of sustainable food and biotechnology. Furthermore, the findings regarding the
relationship between sensory indicators and chemical parameters provide a basis for the development of product
quality evaluation methods based on local wisdom. However, this study has several limitations, including the lack
of molecular isolation and identification of microorganisms, which makes it impossible to specifically elucidate
the microbiological mechanisms. Furthermore, environmental variables such as temperature and fermentation
conditions were not experimentally controlled, potentially affecting the consistency and reproducibility of the
results. Therefore, further research is recommended to integrate microbiological approaches and more stringent
environmental controls to gain a deeper and more accurate understanding of traditional fermentation systems.

4. CONCLUSION

This study demonstrates that traditional maize-based fermentation practices in Andean communities of
Peru represent empirically optimized biochemical systems shaped by cultural knowledge. The integration of
ethnographic and chemical analyses confirms that local practices function as adaptive frameworks for regulating
fermentation processes. The findings provide empirical evidence that cultural practices are directly linked to
measurable chemical transformations, reinforcing the scientific validity of Ethnochemistry. Furthermore, this
study highlights the potential of traditional knowledge systems as sources of innovation in sustainable food
production and biotechnology. Further research is recommended to integrate molecular microbiological analysis
to specifically identify the microbial communities involved in the fermentation process, as well as to implement
controls for environmental variables such as temperature and humidity to improve the validity and reproducibility
of the results. Furthermore, further studies should explore the potential application of traditional fermentation
practices on an industrial scale and the development of functional food products based on local wisdom.
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